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“Caltrans improves mobility across California”  


Table 3A- Abutment Foundation Design Recommendations for Pachappa UP (Replace) 
 


Pile Data Table 


Nominal Resistance 
(kips) Location Pile Type 


Design 
Load 


(Kips) Compression Tension


Cut - Off 
Elevation 


(ft) 
 


Design Tip 
Elevation 


(ft) 
(1) 


Specified Tip 
Elevation  


(ft) 
 


Abut. 1 HP 14x89 200 400 0 847.1  777  (a-I) 777 


Bent 2 HP 14x89  345 175 843.5  774  (a-II) 774 


Abut. 3 HP 14x89 200 400 0 837.8   768  (a-I) 768 


                                                  Note:   Design tip elevations are controlled by (a-I) Compression, (a-II) Tension. 
 


Table 3B- Abutment Foundation Design Recommendations for Pachappa UP (Shoofly) 
 


Pile Data Table 


Nominal Resistance 
(kips) Location Pile Type 


Design 
Load 


(Kips) Compression Tension


Cut - Off 
Elevation 


(ft) 
 


Design Tip 
Elevation 


(ft) 
(1) 


Specified Tip 
Elevation  


(ft) 
 


Abut. 1 HP 14x89 200 400 0 848.1  778  (a-I) 778 


Bent 2 HP 14x89  345 175 844.8  775  (a-II) 775 


Abut. 3 HP 14x89 200 400 0 837.8   768  (a-I) 768 


                                                   Note:   Design tip elevations are controlled by (a-I) Compression, (a-II) Tension. 
 


General Notes: 
 
1) All support locations are to be plotted in plan view on the Log of Test Borings as stated in 


“Memo to Designers” 4-2. The plotting of support locations should be made prior to 
requesting a final foundation review. 


 
2) When applicable, Structure Design shall show on the plans, in the pile data table, the design 


pile tip elevation required to meet the lateral load demands. If the design pile tip elevation 
required to meet lateral load demands exceeds the specified pile tip elevations given within 
this report, the Office of Geotechnical Design-South 2, Branch A shall be contacted for 
further recommendations. 


 
Construction Considerations: 
 
Driven Piles: 
 
1) Pile acceptance is to be based on Standard Specifications 49-1.08. 
 
2) Any pile (controlled by compression) that achieves one and one half times the required 


nominal resistance in compression, as shown on the contract plans, within 5 feet of the 
specified pile tip elevation, may be considered satisfactory and cut off with written approval 
from the engineer.  
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SECTION 1 INTRODUCTION 


1.1 GENERAL 


This Geotechnical Design Report (GDR) presents the results of a geotechnical investigation by URS for 


the proposed SR-91 soundwalls and retaining walls project in the City of Riverside, California. The 


soundwalls and retaining walls are located along SR-91 approximately between Adams Street to the 


southwest and University Avenue to the northeast. This 4.8-mile stretch of SR-91 traverses typical urban 


environment consisting of commercial and residential developments. The project alignment relative to 


general topography, streets, and landmarks is shown on Figure 1, Site Vicinity Map. 


 


Our investigation is limited to two (2) combined soundwalls and retaining walls, and forty five (45) 


retaining walls.  


 


This report is prepared for Caltrans, their project consultants, construction personnel, bidders and 


contractors to be used in the design and construction of the proposed project as described herein. It is 


intended for this specific project only and may not contain sufficient information for other uses or for the 


purposes of other parties. 


 


1.2 PURPOSE AND SCOPE OF WORK 


The purpose of this report is to document subsurface geotechnical conditions, provide analyses of 


anticipated site conditions as they pertain to the project described herein, and recommends design of the 


soundwalls and retaining walls of the project. Specifically, this investigation evaluates the nature and 


engineering properties of soils encountered along the proposed wall alignments and provides geotechnical 


recommendations to aid project design and preparation of project plans and specifications. The scope of 


the authorized study included field exploration, laboratory testing, geotechnical engineering analyses, and 


preparation of this report. 


Our scope of services included the following tasks: 


• Review documents provided by Caltrans relative to the proposed soundwalls and retaining walls; 


• Review available pertinent geological and geotechnical reports in our database; 


• Notify Underground Service Alert (USA) prior to beginning of our field investigation program; 


• Record subsurface conditions during drilling and sampling of ninety one (91) geotechnical 


exploratory borings to depths ranging from 6.6 feet to 80.6 feet below the existing ground surface;  


• Perform laboratory testing on selected samples obtained from the borings to evaluate soil index 


properties, particle size distribution, shear strength, and corrosion potential of subsurface materials; 


• Evaluate potential geologic and seismic hazards at the project site; 


• Perform engineering analyses upon which to base our geotechnical recommendations for design; and 
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• Prepare this GDR to present our findings and recommendations that address design level geotechnical 


aspects of the project in accordance with the Caltrans Guidelines for Preparing Geotechnical Design 


Reports (Version 1.3, December 2006), which includes: 


 


− A brief description of the proposed soundwalls and retaining walls; 


− A summary of field and laboratory testing programs; 


− Discussion of site surface and subsurface geotechnical conditions; 


− Results of geologic and seismic hazards evaluation; 


− Discussion of the stability of temporary and permanent slopes; 


− Estimate of settlement induced by additional embankment fill; 


− Earthwork recommendations, including stripping, proof-rolling and placement of fills; 


− Discussion of recommended foundation types, bearing capacity, and estimated total and 


differential settlements; 


− Lateral load resistance recommendations; and 


− Discussion of construction considerations. 


 


1.3 REPORT ORGANIZATION 


This report is organized into the following sections: 


• Section 1 is introduction. 


• Section 2 is project description includes existing facilities and proposed improvements.   


• Section 3 summarizes the physical setting including climate, topography and drainage, and man 


made and natural features. 


• Section 4 outlines the field investigation. 


• Section 5 outlines laboratory testing. 


• Section 6 describes geotechnical conditions including regional geology, site geology, 


groundwater, faulting and seismicity, seismic hazards, geologic hazards, scour, and corrosion.   


• Section 7 outlines geotechnical analysis and design including subsurface profile, cuts and 


excavation, embankments, slope stability, and deep foundations.  


• Section 8 discusses conclusions and recommendations of earthwork and individual walls. 


• Section 9 outlines construction considerations including construction advisories, construction 


considerations that influence design and specifications, preconstruction survey and construction 


monitoring, and differing site conditions. 


• Section 10 outlines uncertainties and limitations. 


• Figures present all the maps and figures. 


• Appendix A presents the boring records and log of test borings (LOTB) sheets. 


• Appendix B presents laboratory testing results. 


• Appendix C presents analyses and calculations of all the walls. 


• Appendix D presents references. 


• Appendix E presents all the correspondence with Caltrans. 
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SECTION 2 PROJECT DESCRIPTION 


2.1 GENERAL OVERVIEW 


SR-91 starts at its western limit at Vermont Avenue close to its junction with the Harbor Freeway (SR-


110) in the City of Gardena and terminates at its eastern limit at the SR-60/91/215 Interchange in the City 


of Riverside. Starting easterly from Vermont Avenue, the 65 mile long freeway connects with SR-110 at 


the boundaries of the Cities of Gardena and Carson, I-710 in the City of Long Beach, I-605 in the City of 


Cerritos, I-5 at the boundaries of the Cities of Fullerton and Anaheim, SR-57 as well as SR-55 and SR-


241 in the City of Anaheim, SR-71 and I-15 in the City of Corona and terminates at its junction with SR-


60 in the City of Riverside. SR-91 continues as I-215 from the SR-60/91/I-215 Interchange to the junction 


of I-10 in the City of Colton. 


SR-91 is known as the Riverside Freeway between its junction with the Santa Ana Freeway (I-5) and the 


SR-60/91/I-215 Interchange. Following the urban sprawl of the Greater Los Angeles area, the Riverside 


Freeway has become a major east-west oriented transportation corridor serving daily commuters between 


the suburban communities in the Inland Empire and employment centers in Orange County and southern 


Los Angeles County.  


As the only freeway to link Los Angeles, Orange and Riverside counties, SR-91 is one of the most 


heavily congested routes in southern California. Daily traffic volume has already reached 86,000 vehicles, 


compared to 42,000 vehicles in year 2000. The population in the Inland Empire is projected to grow an 


additional 80 percent by the year 2030, which will certainly result in further straining of existing traffic 


capacity along the freeway.  


2.2 EXISTING FACILITIES 


The Riverside Freeway is currently a six-lane facility with three lanes in each east- and west- bound 


direction between Adams Street and the SR-60/91/I-215 Interchange. The segment from Jefferson Street 


on the eastbound and Madison Street on the westbound SR-91, to the SR-60/91/I-215 Interstate is actually 


the only remaining segment of the Riverside Freeway that does not have a High Occupancy Vehicle 


(HOV) lane.  


The project limits are bounded between Jefferson Street to the southwest, (about 0.5 miles northeast of 


Adams Street) and University Avenue to the northeast (about 1.2 miles southwest of the SR-60/91/215 


Interchange). The site coordinates are 33.9317
o
 N and 117.4123


o
 W at Jefferson Street, and 33.9799


o
 N 


and 117.3702
o
 W at University Avenue based on the NAD83 system.  


Between the western project limit at Station 165+40 and approximately Station 303+00, the Riverside 


Freeway is an elevated freeway with the existing freeway surface constructed on embankments above the 


surrounding street grade. The embankments are constructed with typical side slope gradient of 2:1 


(horizontal to vertical, H:V) and abutment slope gradient of 1½:1 (H:V) at bridge structures up to about 


30 feet in height. The freeway spans across Jefferson Street, Madison Street, Mary Street/Brockton 


Avenue, Arlington Avenue and Central Avenue through undercrossings. 
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From Station 303+00 to Station 385+00, the Riverside Freeway becomes a depressed freeway. The 


freeway was constructed through cuts into the surrounding ground with slope gradients varying from 2:1 


(H:V) to 1½:1 (H:V). The cut slope heights range from minor to about 35 feet. Ivy Street, Cridge Street 


and Fourteen Street crosses over the freeway through overcrossings. In addition, a Union Pacific Railroad 


(UPRR) mainline track crosses over the freeway at Station 341+75 via the Pachappa Underpass. 


From Station 385+00 to the eastern project limit at University Avenue at Station 399+00, the Riverside 


Freeway again becomes an elevated freeway with the existing freeway surface constructed on 


embankments above the surrounding street grade. At this segment of the freeway, the embankments are 


constructed up to about 25 feet above the surrounding street grade. The freeway spans across University 


Avenue through undercrossing.  


2.3 PROPOSED IMPROVEMENTS 


The project is an integrated component of Caltrans’ Traffic Congestion Relief Program (TCRP) planned 


to reduce congestion and improve traffic mobility through downtown Riverside. It is Stage 2 of the 


designated TCRP Project 62, which consists of the addition of one HOV lane in each direction, 


modifications of interchanges with construction of soundwalls and retaining walls, and widening of 


existing roadway and bridge structures to close the HOV gap from Jefferson Street on eastbound and 


Madison Street on westbound to the newly reconstructed SR-60/91/I-215 Interchange. Stage 1 of the 


project (TCRP Project 62.1) involving the widening of roadway for HOV lanes between University 


Avenue and the SR-60/91/I-215 Interchange was awarded in 2004.  


The subject project is limited to the design and construction of two (2) combined soundwalls and 


retaining walls, and forty five (45) retaining walls to accommodate the addition of the HOV lane from 


Jefferson Street on eastbound and Madison Street on westbound to University Avenue. Odd numbers 


and even numbers are assigned to walls along the westbound and eastbound lanes, respectively. The 


locations and the geometric layout of the walls are presented in Figures 2a through 2k. 


In the combined soundwalls and retaining walls, the soundwalls are anticipated to be masonry blocks 


supported on retaining wall designed in accordance with Caltrans XS-15-130-1 and 2 (2005). The 


retaining walls supporting the soundwalls are anticipated to be designed in accordance with Caltrans XS-


14-210e (2005) standard retaining wall Type 1SW or non-standard special design retaining wall. 


The retaining walls other than the combined soundwalls and retaining walls, depending on project needs 


and engineering feasibility, are basically a selection among three wall types: 


1. Caltrans Standard Type 1 Walls 


The Caltrans standard Type 1 walls are cast-in-place (CIP) masonry block walls supported on 


conventional shallow foundations to be designed in accordance with Caltrans Standard Plans B3-


1, B3-2, B3-8, and B3-9 (2006). 


2. Mechanically Stabilized Earth (MSE) Walls 


The MSE wall is a proven soil reinforcement system utilizing welded wire mat reinforcement to 


increase overall soil strength. The MSE walls are anticipated to be designed in accordance to 
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Section 3-8 of Caltrans Bridge Design Aids (2002) with details as shown in Caltrans XS-13-010-


1 through 8 (1998).   


3. Soil Nail Walls 


The soil nail walls are permanent cut slopes passively reinforced with the installation of closely 


spaced steel bars encased in grout. Shotcrete is applied to the cut slope surface after the soil nails 


are installed following a ‘top-down’ approach. Soil nails are designed in accordance with SNAIL 


computer program developed by Caltrans Division of Materials and Foundations, Geotechnical 


Engineering Circular No. 7 (FHWA A0-IF-03-017), and Manual for Design and Construction 


Monitoring of Soil Nail Walls (FHWA A-SA-96-069R). 


The physical elements and proposed wall type for these soundwalls and retaining walls are summarized 


in Table 1A and Table 1B. It should be noted that the information shown in these tables are measured 


from preliminary plans and cross sections, which should be considered approximate and should not be 


used for construction. 
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Table 1A Summary of Proposed Soundwalls and Retaining Walls on Westbound SR-91 


 
Wall No. Location (Referencing SR-91 Centerline)  


Length 


(feet) 


RW Height 


(feet) 
Wall Type 


RW 231 Station 230+20 LT 82 to Station 238+75 LT 94 855 4 - 24 Type 1 


RW 241 Station 239+50 LT 94 to Station 244+30 LT 97 480 4 - 24 Type 1 


RW/SW 247 Station 245+85 LT 88 to Station 253+95 LT 134 810 6 - 13 Type 1 


RW 253 Station 253+95 LT 100 to Station 256+00 LT 200 205 4 - 14 Type 1 


RW 255 Station 254+50 LT 75 to Station 258+10 LT 100 360 4 - 18 Type 1 


RW 261 Station 260+20 LT 76 to Station 267+80 LT 76 760 4 - 16 MSE 


RW 267 Station 267+00 LT 124 to Station 280+00 LT 90 1,300 4 - 10 Type 1 


RW 281 Station 280+00 LT 90 to Station 288+25 LT 155 825 4 - 26 MSE 


RW 287 Station 284+85 LT 70 to Station 290+00 LT 70 515 4 - 26 Type 1 


RW 291 Station 291+60 LT 77 to Station 294+90 LT 77 330 4 - 16 Type 1 


RW 293 Station 292+00 LT 162 to Station 301+50 LT 100 950 4 - 20 Type 1 


RW 303 Station 301+50 LT 95 to Station 315+00 LT 96 1,350 4 - 26 Type 1 


RW 315 Station 315+00 LT 96 to Station 320+50 LT 84 550 4 - 22 Soil Nail 


RW 321 Station 321+00 LT 84 to Station 337+50 LT 78 1,650 4 - 22 Type 1 


RW 337 Station 337+50 LT 78 to Station 340+75 LT 78 325 4 - 14 Type 1 


RW 343 Station 341+50 LT 78 to Station 350+50 LT 90 900 4 - 25 MSE 


RW 351 Station 350+50 LT 89 to Station 354+50 LT 89 400 4 - 17 Soil Nail 


RW 355 Station 355+00 LT 90 to Station 360+10 LT 92 510 4 - 18 Soil Nail 


RW/SW 357 Station 360+10 LT 95 to Station 364+55 LT 123 445 6 - 28 Special Design a 


RW 365 Station 364+55 LT 128 to Station 370+00 LT 162 545 4 - 27 Type 1 


RW 369 Station 367+00 LT 79 to Station 373+80 LT 90 680 4 - 9 Soil Nail 


RW 375 Station 375+00 LT 90 to Station 380+20 LT 91 520 4 - 32 Type 1 


W
es
tb
ou
nd
 


RW 389 Station 389+60 LT 131 to Station 398+25 LT 82 865 4 - 34 MSE 


Note: 


a. Non-standard Special-Design Retaining Wall due to sloping ground condition. 
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Table 1B Summary of Proposed Soundwalls and Retaining Walls on Eastbound SR-91 


 
Wall No. Location (Referencing SR-91 Centerline)  


Length 


(feet) 


RW Height 


(feet) 
Wall Type 


RW 172 Station 171+60 RT 66 to Station 175+60 RT 66 400 4 - 10 Type 1 


RW 194 Station 193+35 RT 66 to Station 197+35 RT 66 400 4 - 8 Type 1 


RW 198 Station 198+80 RT 66 to Station 201+50 RT 66 270 4 – 8 Type 1 


RW 200 Station 200+00 RT 140 to Station 206+40 RT 100 640 4 - 12 Type 1 


RW 240 Station 240+00 RT 80 to Station 248+00 RT 122 800 4 - 20 Type 1 


RW 254 Station 256+30 RT 150 to Station 260+10 RT 180 380 4 - 22 Type 1 


RW 262 Station 262+50 RT 108 to Station 266+25 RT 108 375 4 - 18 Type 1 


RW 266 Station 264+60 RT 135 to Station 278+80 RT 110 1,420 4 - 24 Type 1 


RW 280 Station 278+80 RT 104 to Station 286+77 RT 152 797 4 - 10 Type 1 


RW 286 Station 286+77 RT 152 to Station 291+00 RT 153 423 4 - 6 Type 1 


RW 288 Station 287+40 RT 80 to Station 291+00 RT 80 360 4 - 28 Type 1 


RW 294 Station 292+80 RT 80 to Station 296+00 RT 76 320 4 - 12 Type 1 


RW 316 Station 314+80 RT 88 to Station 320+60 RT 78 580 4 - 8 Soil Nail 


RW 322 Station 321+00 RT 77 to Station 339+00 RT 78 1,800 4 - 14 Type 1 


RW 338 Station 339+00 RT 80 to Station 342+00 RT 135 300 4 - 16 Type 1 


RW 344 Station 343+30 RT 80 to Station 345+75 RT 80 245 4 - 30 Type 1 


RW 346 Station 345+75 RT 80 to Station 347+60 RT 87 185 4 - 14 Type 1 


RW 348 Station 347+60 RT 87 to Station 354+50 RT 92 690 4 - 26 Type 1 


RW 356 Station 355+00 RT 92 to Station 362+00 RT 90 700 4 - 25 Soil Nail 


RW 362 Station 362+00 RT 90 to Station 373+50 RT 194 1,150 4 - 32 Type 1 


RW 370 Station 369+50 RT 103 to Station 373+80 RT 113 430 4 - 23 Soil Nail 


RW 376 Station 375+00 RT 128 to Station 377+24 RT 146 224 4 - 24 Soil Nail 


RW 378 Station 377+25 RT 186 to Station 386+00 RT 155 875 4 - 26  Type 1 


E
as
tb
ou
nd
 


RW 382 Station 382+00 RT 135 to Station 388+30 RT 95 630 4 - 23 Type 1 
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SECTION 3 PHYSICAL SETTING 


3.1 CLIMATE 


Local climate conditions are semi-arid, which is characterized by warm to hot summers (average monthly 


high temperature at 95
o
 F) and mild winters (average monthly low temperature at 41


o
 F). Average yearly 


precipitation is 10.67 inches (271 mm). Average monthly precipitation for this region ranges from 


approximately 0.03 inches (0.8 mm) in July to 2.47 inches (63 mm) in January. Nearly 80 percent of the 


annual rainfall occurs in months of December through March. Due to the mild temperatures, freeze-thaw 


conditions are unlikely to occur.  


3.2 TOPOGRAPHY AND DRAINAGE 


The project wall locations are along east- and west- bound SR-91 and its on- and off- ramps in the 


downtown area of the City of Riverside. 


SR-91 is an elevated freeway from Jefferson Street (Station 170+92) to Station 303+00 to the east of 


Central Avenue. The freeway was constructed on approach embankments with 2:1 (horizontal to vertical) 


side slopes about 15 to 30 feet above the surrounding street grade. The freeway grade generally ascends 


easterly from elevation 855 feet at Jefferson Street to approximately 870 feet at Station 303+00 following 


the surface profile of the approach embankments throughout this segment of the freeway. The highest 


freeway elevation within this segment is approximately 884 feet near Brockton Avenue (Station 239+05) 


and the lowest freeway elevation is approximately 843 feet at about Station 179+00. 


Although the freeway grade continues to ascend easterly from Station 303+00 to elevation 905 feet near 


Ivy Street (Station 320+81), the surrounding street grade is generally higher than the freeway surface and 


SR-91 is a depressed freeway onward until Station 385+00. From Ivy Street, the freeway descends 


easterly to the lowest elevation of the project alignment at about 840 feet at Cridge Street (Station 


354+73). SR-91 becomes an elevated freeway again from Station 385+00, which ascends to elevation 889 


feet at University Avenue at the eastern project limit (Station 398+91).   


Surface drainage consists of sheet flow runoffs derived from incidental rainfalls within the project limits. 


Runoffs are contained by raised curbs to flow along the freeway surface following the general topography 


of the project alignment towards existing storm drain inlets. Vegetation within the freeway right-of-way 


and in the adjacent land generally consists of grass, plants and with some low brush and trees. With the 


exception of local evidence of shallow erosion from rain runoff, slopes within the project area appear to 


be performing satisfactorily. 


3.3 MAN-MADE AND NATURAL FEATURES OF ENGINEERING AND 


CONSTRUCTION SIGNIFICANCE 


The project limits are located within a typical urban environment. Most of the properties surrounding the 


project alignment have been developed for either commercial or residential use. Existing man-made 


facilities found along the alignment include utilities, streets, elevated embankments, bridges, and railroad 


tracks. 
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The retaining walls and soundwalls are generally planned to be constructed along the on- and off-ramps, 


and auxiliary lanes in both directions of the freeway along the project alignment. These ramps and 


auxiliary lanes typically have narrow to no shoulders. The existing traffic pattern at these locations may 


necessitate a staged construction procedure.   


Some of the utility lines are found immediately adjacent to the back edge of the proposed walls. These 


utility lines may have to be relocated. 
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SECTION 4 FIELD INVESTIGATION  


4.1 DRILLING 


The exploratory boring program was initiated on November 6, 2007 and was completed on March 7, 2008 


by Caltrans Office of Drilling Services based in Sacramento, California and Tri-County Drilling, Inc of 


San Diego, California. The program involved drilling and sampling of ninety one (91) geotechnical 


borings (A-07-101 through A-07-191) for the purposes of investigating subsurface conditions and 


collecting samples for laboratory testing. Caltrans drilling crews completed drilling 72 borings between 


November 6, 2007 and February 14, 2008, and Tri-County, Inc completed drilling the remaining 19 


borings between February 19 and March 7, 2008. 


The exploratory locations were typically planned by Caltrans with a spacing ranging from 165 feet to 730 


feet along the alignment of the walls. Placement of the exploratory locations was constrained by access, 


personnel safety, conflict with underground utility lines and traffic control. The borings were drilled to 


depths ranging from 6.5 feet to 80.8 feet below the existing ground surface with surface elevations 


ranging from 814 feet to 931 feet. Caltrans drilled most of their borings using a truck-mounted CS2000 


drill rig, and with the remaining borings using either a truck mounted CME 85, Mobil B47 or Acker drill 


rig. Caltrans drilled the borings using either mud-rotary technique or hollow-stem augers. Tri-County, Inc 


drilled their borings using a Diedrich D-120 drill rig with hollow-stem augers.  


Exploratory Location Maps on Figures 2a through 2k show the locations of the borings. The approximate 


borehole locations and ground elevations along mainline SR-91 were surveyed by Caltrans surveying 


crews. The boreholes located along on- and off- ramps as well as surface streets were measured from 


existing features and ground elevations were estimated based on the preliminary project plans. We 


understand that these remaining borings will be surveyed by Caltrans. This survey information will be 


incorporated into the final report if they are available before our final submittal  


A more detailed description of our field exploration program is presented in Appendix A. 


4.2 LOGGING 


URS field representatives visually classified the soil cuttings in accordance with the Caltrans’ Soil and 


Rock Logging Classification Manual (June 2007) and maintained a detailed record of subsurface 


materials as well as the groundwater conditions encountered in the exploratory borings. The boring logs, 


key to the boring logs and other pertinent information are presented in Appendix A. 


4.3 SAMPLING AND FIELD TESTS  


When subsurface conditions permitted, relatively undisturbed soil sampling and Standard Penetration 


Tests (SPTs) were performed at 5-foot intervals. The relatively undisturbed samples were collected by 


Caltrans using a 1.94 inch inside diameter Modified California Soil Sampler, or by  Tri-County, Inc using 


a 2.4 inch inside diameter Modified California Soil Sampler. The SPTs were performed with a SPT 


sampler with an inside diameter of 1.4 inch in accordance with the ASTM D 1586 guidelines. The SPT 


and Modified California Samplers were driven 18 inches into the subsurface soils, or until refusal, using a 
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140-pound automatic-tripped safety hammer with successive 30-inch drops except the borings drilled 


with Mobile B-47, where a hand operating lever was used to lift the hammer. The number of blows 


required to drive the sampler into the subsurface soils was recorded in 6-inch intervals. The total number 


of blows required to drive the sampler the last 12 inches is recorded on the boring logs in Appendix A. 


4.4 BOREHOLE ABANDONMENT 


The upper 2 feet of investigation derived soil cuttings from all borings were separated and disposed of 


appropriately off-site. The borings were backfilled with soil cuttings to within 2 feet of the existing 


ground surface and the remaining boreholes were backfilled with bentonite/cement grout. After the 


backfilling, the surrounding ground surface was reinstated with cold-patch asphalt or concrete. 
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SECTION 5 LABORATORY TESTING 


Soil samples obtained from the borings were carefully sealed and packaged in the field to reduce moisture 


loss and disturbance. The samples were delivered to our laboratory located in Santa Ana, California 


where they were further examined and classified. Laboratory testing was performed on selected samples 


to confirm (and modify if necessary) the visual classification of the soils based on the field identification 


and to evaluate their physical and engineering properties. Tests performed included: 


• soil classification (ASTM D 2488); 


• moisture content and dry density (ASTM D 2217 and 2937); 


• Atterberg limits (ASTM D 4318); 


• grain size analysis (ASTM D 422);  


• wash sieve analysis (ASTM D 1140);  


• direct shear test (ASTM D 3080); and 


• corrosivity analyses (CTM 417, 422, 532, and 643). 


A description of the laboratory testing and the test results are presented in Appendix B of this report. For 


convenience, test results of moisture content determination, Atterberg Limits test, fines content, and 


corrosivity analysis of soils tested are also shown on the logs of borings in Appendix A. 
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SECTION 6 GEOTECHNICAL CONDITIONS 


6.1 REGIONAL GEOLOGY 


The project site is located in the northern part of the Peninsular Ranges physiographic province within the 


central part of the Perris block (Morton, and Cox 2001a). The Peninsular Ranges are characterized by a 


series of elongate, northwest-trending mountainous ridges separated by sediment-floored valleys. The 


Perris block is a relatively stable crustal block that is bounded by the active San Jacinto fault on the 


northeast and the active Whittier-Elsinore fault on the southwest.  In contrast to its seismically active 


boundaries, the block’s interior is characterized by low levels of seismicity and geodetic strain, and by the 


absence of Holocene faulting.  


As shown on the Regional Geologic Map, Figure 3, the surficial deposits in the project area primarily are 


artificial fill and Holocene to late Pleistocene age axial channel and alluvial fan deposits. These surficial 


deposits are underlain by Cretaceous age granite bedrock (Morton, et al, 2001a and 2001b). 


6.2 SITE GEOLOGY 


Based on the findings from our subsurface investigation, thickness of the freeway embankment fills range 


from nil to approximately 29 feet. The fill consists predominantly of medium dense to very dense clayey 


sand and silty sand and also soft to very stiff sandy lean clay. 


The alluvial soils beneath the project area to the maximum depth explored (80.8 feet below ground 


surface) are predominantly medium dense to dense clayey sand and stiff to very stiff sandy lean clay, with 


occasional sand, sand with silt, and silty sand. 


Granite bedrock was encountered in some of the borings, at depths ranging from 4 to 49 feet below 


ground surface (bgs).  The bedrock is predominantly hard to very hard, moderately to slightly fractured 


and intensely to slightly weathered. 


A description of site-specific subsurface conditions of each individual wall is provided in Section 8.2.  


6.3 GROUNDWATER 


Groundwater was not encountered in any of the borings to the maximum depth explored (80.8 feet). 


Based on water well data from 1993 through 2007 the depth to groundwater in the site vicinity ranges 


from approximately 80 feet to 145 feet below the surface of the freeway (Western Municipal Water 


District, 2007). However, based on verbal communication with a representative of the Western Municipal 


Water District (2008), historic high groundwater levels (prior to 1993) in portions of the project area have 


periodically been less than 10 feet below ground surface (bgs). It is believed that groundwater pumping is 


responsible for the lowering of the groundwater elevations and due to increasing demand for water 


resources in the area, groundwater elevations are not likely to return to these historic high levels.  For the 


purposes of our geotechnical analyses, we therefore assume that the groundwater level may be as high as 


80 feet below ground surface.  
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6.4 FAULTING AND SEISMICITY 


As for most of southern California, the wall sites are located within a seismically active area. Based on 


the California Seismic Hazard Map (Mualchin, 1996) presented on Figure 4 and the California Geologic 


Survey, several significant faults surround the subject sites.  


Caltrans Guidelines for Structures Foundation Reports Version 2.0 (March 2006) states that the 


magnitude of the MCE and PBA shall be determined using the latest version of California Seismic 


Hazard Map (see Figure 4).  The guidelines also recommend that the acceleration from California Seismic 


Hazard Map be verified with a well-established attenuation relationship. For this purpose, we calculated 


the PBA for the site using attenuation relationships by Sadigh et al. (1997) for rock sites as summarized in 


the table below. The PBA from a reverse-oblique fault is assumed to be 10 percent higher than for strike-


slip fault. 


Table 2 Summary of Significant Seismic Sources 


Faults 
Maximum Credible 


Earthquake Magnitude 1 
Estimated Closest 


Distance (Km) 
Fault Type 


Peak Bedrock 


Acceleration 2 (g) 


San Jacinto (SJO) 7.5 11.3 to 17.3 Strike-Slip 0.4 


Rialto-Colton-Claremont (RCC) 6.75 9.9 to 16.4 Unknown3 0.4 


San Andreas/C (SAC) 8.0 22.7 to 29.7 Strike-Slip 0.3 


Whittier Elsinore (WEE) 7.5 18.0 to 25.0 Strike-Slip 0.3 


Redhill-Etiwanda Avenue (RHE) 7.0 25.0 to 31.3 Unknown3 0.2 


Chino (CNO) 6.5 19.5 to 25.7 Strike-Slip 0.2 


Central Avenue (CAV) 6.5 22.0 to 27.2 Unknown3 0.2 


Casa Loma-Clark (CLV) 6.75 26.2 to 28.5 Strike-Slip 0.1 


1. Obtained from California Seismic Hazard Map (Mualchin, 1996) unless specified otherwise. 


2. Obtained from Sadigh et al. (1997) using the closest distance; PBA values rounded to the nearest 0.1 g. 


3. Reverse style is assumed for unknown/published style of faulting 


 


Based on our findings, the controlling MCE event is a magnitude 7.5 on the San Jacinto (SJO) fault for 


all the walls. San Jacinto Fault parameters, distances from walls to SJO, and the associated peak 


accelerations are presented in Section 6.5.1 below. 


6.5 SEISMIC HAZARDS 


6.5.1 Strong Ground Motions 


Local and more distant active faults will generate strong ground shaking at the site. As shown on the 


Caltrans Seismic Hazard Map (Mualchin, 1996) presented as Figure 4, the most significant regional fault 


that could generate the strongest seismic shaking at the project site is the San Jacinto (SJO) fault, which at 


its closest distance, is located about 11.3 kilometers northeast of the site. Although some of the walls may 


be closer to the Rialto-Colton-Claremont (RCC) fault, it does not become the controlling fault because of 


its lower magnitude. The distances to SJO, average N-values in upper 100 feet of soil, soil profile type, 
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peak bedrock acceleration (PBA), and peak ground acceleration (PGA) are presented in Table 3A for 


the westbound walls and Table 3B for the eastbound walls. 
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Table 3A Summary of Seismic Design Criteria for Westbound SR-91 


Peak Bedrock 


Acceleration (g) 


 


Wall No. 


Estimated 


Closest 


Distance to 


Controlling 


Fault (km)  


Maximum 


Credible 


Earthquake 


Magnitude1 


Average 


N-value in 


upper 100 


feet 


Soil Profile Type2 


Sadigh3 CSHM1 


Peak Ground 


Acceleration4 


(g) 


ARS Curve 


RW 231 15.9 7.5 17 D 0.3 0.4 0.44 Figure 5B 


RW 241 15.5 7.5 21 D 0.3 0.4 0.44 Figure 5B 


RW/SW 247 15.2 7.5 30 D 0.3 0.4 0.44 Figure 5B 


RW 253 15.1 7.5 41 D 0.3 0.4 0.44 Figure 5B 


RW 255 15.0 7.5 22 D 0.3 0.4 0.44 Figure 5B 


RW 261 14.8 7.5 39 D 0.3 0.4 0.44 Figure 5A 


RW 267 14.4 7.5 37 D 0.3 0.4 0.44 Figure 5A 


RW 281 14.4 7.5 40 D 0.4 0.4 0.44 Figure 5A 


RW 287 15.6 7.5 31 D 0.4 0.4 0.44 Figure 5A 


RW 291 14.2 7.5 39 D 0.4 0.4 0.44 Figure 5A 


RW 293 13.9 7.5 31 D 0.4 0.4 0.44 Figure 5A 


RW 303 13.6 7.5 >50 C (Shallow bedrock) 0.4 0.4 0.40 Figure 5C 


RW 315 13.3 7.5 >50 C (Shallow bedrock) 0.4 0.4 0.40 Figure 5C 


RW 321 13.3 7.5 >50 C (Shallow bedrock) 0.4 0.4 0.40 Figure 5C 


RW 337 13.0 7.5 35 D 0.4 0.4 0.44 Figure 5A 


RW 343 12.7 7.5 26 D 0.4 0.4 0.44 Figure 5A 


RW 351 12.5 7.5 28 D 0.4 0.4 0.44 Figure 5A 


RW 355 12.0 7.5 48 D 0.4 0.4 0.44 Figure 5A 


RW/SW 357 12.4 7.5 38 D 0.4 0.4 0.44 Figure 5A 


RW 365 12.1 7.5 43 D 0.4 0.4 0.44 Figure 5A 


RW 369 12.0 7.5 48 D 0.4 0.4 0.44 Figure 5A 


RW 375 11.8 7.5 29 D 0.4 0.4 0.44 Figure 5A 


W
es
tb
ou
nd
 


RW 389 11.3 7.5 42 D 0.4 0.4 0.44 Figure 5A 


1. Obtained from California Seismic Hazard Map (Mualchin, 1996). 


2. Obtained from Caltrans Seismic Design Criteria (Version 1.4, June 2006). 


3. Obtained from Sadigh et al. (1997); PBA values rounded to the nearest 0.1 g. 


4. Obtained from ARS Curve. 
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Table 3B Summary of Seismic Design Criteria for Eastbound SR-91 


Peak Bedrock 


Acceleration (g) 


 


Wall No. 


Estimated 


Closest 


Distance to 


Controlling 


Fault (km)  


Maximum 


Credible 


Earthquake 


Magnitude1 


Average 


N-value in 


upper 100 


feet 


Soil Profile Type2 


Sadigh3 CSHM1 


Peak Ground 


Acceleration4 


(g) 


ARS Curve 


RW 172 17.3 7.5 24 D 0.3 0.4 0.44 Figure 5B 


RW 194 17.0 7.5 22 D 0.3 0.4 0.44 Figure 5B 


RW 198 16.5 7.5 28 D 0.3 0.4 0.44 Figure 5B 


RW 200 16.3 7.5 18 D 0.4 0.4 0.44 Figure 5B 


RW 240 15.9 7.5 22 D 0.4 0.4 0.44 Figure 5B 


RW 254 15.4 7.5 31 D 0.3 0.4 0.44 Figure 5B 


RW 262 14.8 7.5 24 D 0.3 0.4 0.44 Figure 5A 


RW 266 14.6 7.5 46 D 0.3 0.4 0.44 Figure 5A 


RW 280 14.3 7.5 42 D 0.4 0.4 0.44 Figure 5A 


RW 286 14.3 7.5 32 D 0.4 0.4 0.44 Figure 5A 


RW 288 15.6 7.5 41 D 0.4 0.4 0.44 Figure 5A 


RW 294 14.0 7.5 32 D 0.4 0.4 0.44 Figure 5A 


RW 316 13.3 7.5 >50 C (Shallow bedrock) 0.4 0.4 0.40 Figure 5C 


RW 322 13.2 7.5 >50 C (Shallow bedrock) 0.4 0.4 0.40 Figure 5C 


RW 338 13.0 7.5 17 D 0.4 0.4 0.44 Figure 5A 


RW 344 12.7 7.5 48 D 0.4 0.4 0.44 Figure 5A 


RW 346 12.7 7.5 35 D 0.4 0.4 0.44 Figure 5A 


RW 348 12.7 7.5 39 D 0.4 0.4 0.44 Figure 5A 


RW 356 12.4 7.5 33 D 0.4 0.4 0.44 Figure 5A 


RW 362 12.4 7.5 39 D 0.4 0.4 0.44 Figure 5A 


RW 370 12.0 7.5 48 D 0.4 0.4 0.44 Figure 5A 


RW 376 11.8 7.5 48 D 0.4 0.4 0.44 Figure 5A 


RW 378 11.8 7.5 45 D 0.4 0.4 0.44 Figure 5A 


E
as
tb
ou
nd
 


RW 382 11.4 7.5 34 D 0.4 0.4 0.44 Figure 5A 


1. Obtained from California Seismic Hazard Map (Mualchin, 1996). 


2. Obtained from Caltrans Seismic Design Criteria (Version 1.4, June 2006). 


3. Obtained from Sadigh et al. (1997); PBA values rounded to the nearest 0.1 g. 


4. Obtained from ARS Curve. 
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To develop the Acceleration Response Spectra (ARS), Applied Technology Council (ATC)-32 (1996) 


and Caltrans SDC 1.4 (June 2006) were used with Soil Profile Type considered for the upper 100 feet of 


soils at each wall site. If the wall is located within 10 miles (15 kilometers) of the controlling fault, the 


spectral acceleration is modified to account for near fault effects as per Caltrans SDC 1.3. The 


magnification is 20% for periods equal to and greater than 1.0 second; no change for periods less than 0.5 


seconds; and linear interpolation for spectral accelerations between 0.5 and 1.0 second. 


Although there is only one potentially controlling MCE event, three different ARS curves were developed 


for the entire project, where their applicability will depend on locations of the walls and soil profile type 


and are listed in tables 3A and 3B. The recommended ARS curves are presented on Figures 5A through 


5C. 


6.5.2 Surface Fault Rupture Displacement Hazard (SFRDH) 


Based on several sources, (Mualchin, 1996, USGS, 2006, Jennings, 1994), the closest known active 


faults to the site are the San Jacinto fault (SJO) located about 11.3 kilometers to the northeast, Rialto-


Colton-Claremont (RCC) fault located about 9.9 kilometers to the northeast and the Whittier-Elsinore 


fault (WEE) located about 18 kilometers to the southwest. The AP Zone maps are also checked and 


the site is not in an AP Zone. As such, the potential for surface fault rupture affecting the proposed 


walls is considered remote. 


6.5.3 Liquefaction 


Liquefaction is a phenomenon where saturated coarse-grained soils (less than 50% passing the No 200 


sieve) lose their strength and acquire some mobility from strong ground motion. A rapid increase in pore 


water pressures (excess pore water pressures) causes a loss of shear strength. The secondary effects of 


liquefaction include sand boils, settlement and settlement-related downdrag on deepened foundation 


systems, and lateral spreading and flow slides in areas with sloping ground. Liquefaction typically occurs 


in soils such as sands, silty sands and to lesser extent clayey sands that are loose and located below 


groundwater. However, liquefaction usually does not manifest at the surface when it occurs at depths 


greater than 50 to 60 feet due to the larger overburden pressures.  


The Riverside City Planning Department (2007) has designated the majority of the project area as having 


a “low” potential for liquefaction (see Figure 6). The remaining portions of the project area have been 


designated as having a “moderate” liquefaction potential. These areas are considered at greater risk of 


liquefaction-related ground failure during a seismic event based upon mapped surficial deposits and the 


presence of historically shallow groundwater. However groundwater was not encountered in any of the 


borings to the maximum depth explored and due to groundwater pumping, groundwater levels were 


lowered and not likely to return to the historic high levels. Since shallow ground water is a pre-requisite 


for the occurrence of liquefaction and because the depth to groundwater is believed to be substantially 


greater than 80 feet below ground surface, the potential for liquefaction is considered to be “low” along 


the entire project site.      
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6.5.4 Lateral Spreading 


Lateral spreading is a progressive type of liquefaction-induced ground failure where blocks of mostly 


intact surficial soils displace downslope or towards a free-face along a shear zone that is formed within 


liquefiable soils. Because the potential for liquefaction is low and because there are no significant slopes 


or free-faces the potential of lateral spreading at the subject site is considered very low. 


6.5.5 Earthquake Induced Flooding 


Earthquake induced flooding occurs when upstream water retaining structures, such as dams or storage 


tanks, are breached or damaged during an earthquake. The Riverside City Planning Department General 


Plan (2007) shows that the project area is located within the potential dam-failure inundation areas of 


Sycamore Dam, Box Springs Dam, Prenda Dam, Mary Street Dam and Alessandro Dam.    


6.5.6 Seiche 


A seiche is an earthquake-induced oscillation of a body of water in an enclosed or semi-enclosed basin 


such as a reservoir, lake or storage tank resulting from earthquakes or other large environmental 


disturbances. Since the project area is located within the potential inundation areas of several dams 


(Riverside City General Plan, 2007), the site should be considered at some risk of inundation from seiche 


during a major seismic event.    


6.6 GEOLOGIC HAZARDS 


6.6.1 Landslides 


The potential for landsliding is not anticipated to pose a geologic or seismic hazard to the proposed 


project since the project elements are primarily located on flat-lying areas where landslides in natural 


ground cannot occur. To further evaluate this hazard, a site-specific slope stability analysis was performed 


for the project. The slope stability analyses were completed for slopes at each wall site. The discussions 


are presented in Section 8.2 under each individual wall. 


6.6.2 Subsidence 


The extraction of water or petroleum from sedimentary rocks or deposits can cause the permanent 


collapse of the pore space previously occupied by the removed fluid. The compaction of subsurface 


sediment caused by fluid withdrawal may cause subsidence of the ground surface overlying a pumped 


reservoir. If the volume of water or petroleum removed is sufficiently great, the amount of resulting 


subsidence may be sufficient to damage nearby engineered structures. 


The project site is not known to be in an area of past or present petroleum extraction. However, 


groundwater pumping is occurring in the vicinity of the project site (WMWD, 2008).  According to the 


Riverside County General Plan (2003), the project area is not within an area of documented subsidence. 


However, the entire project area has been mapped in the general plan as being in an area susceptible to 


subsidence hazards based on geologic and hydrologic characteristics (including the rise and fall of 


groundwater levels) that are similar to regions of the county in which subsidence is documented. 
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6.6.3 Expansive or Collapsible Soils 


Expansive soils are fine-grained soils (clay) that can undergo a significant increase in volume with an 


increase in water content and a significant decrease in volume with a decrease in water content. Changes 


in the water content of an expansive soil can result in severe distress to structures constructed upon the 


soil. Subsurface materials underlying the walls consist predominantly of silty sands, sandy lean clays, and 


clayey sands. Therefore, the soils in the project area consist primarily of soils that have a low potential for 


expansion; therefore severe distress from expansive soils is not anticipated to pose a significant hazard to 


the project. 


Collapsible soils are soils that undergo settlement upon wetting, even without the application of additional 


load. The project sites are underlain by fill and alluvial materials that are unlikely to be affected by 


collapsible soils. Therefore, collapsible soils are also not likely to adversely affect the project. 


6.6.4 Methane 


Methane gas is a naturally occurring gas associated with the decomposition of organic materials.  In high-


enough concentrations, methane can be considered as an explosion hazard. Potential sources of methane 


gas include landfills and oil fields. The project site is not located in an area known to have methane.  


Therefore, the methane hazard is considered to be very low. 


6.7 SCOUR 


Scour was not considered a design issue at this site since the foundations are not located in rivers/creeks 


or drainage channels. 


6.8 CORROSION 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The corrosion tests were performed in accordance with Caltrans test methods. Caltrans considers a 


site corrosive to foundation elements if minimum resistivity is less than or equal to 1,000 ohm-cm (as an 


indicator only), and one or more of the following conditions exist for soil samples taken from the site:  


• Chloride concentration is greater than or equal to 500 parts per million (ppm), 


• Sulfate concentration is greater than or equal to 2,000 ppm,  


• pH is 5.5 or less. 


Corrosivity test results are presented in individual subsections for each soundwall or retaining wall in 


Section 8.2. 
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SECTION 7 GEOTECHNICAL ANALYSIS AND DESIGN 


7.1 SUBSURFACE PROFILE 


Subsurface soils encountered at each wall location are presented in individual subsections for each wall in 


Section 8.2. Generalized subsurface profiles for each wall were developed for use in our engineering 


analyses. The profile considered the variation of the subsurface conditions in the vicinity of each wall 


location by grouping soils of similar properties, compressibility characteristics and strength. 


We developed the engineering parameters used in our analyses based on the findings of our field 


investigation, laboratory testing results and published empirical correlations. Generally, when test results 


were not available, shear strength parameters and compression ratios for granular soils were derived from 


correlations with the Standard Penetration Test (SPT) blow count corrected for overburden (Peck, Hanson 


and Thornburn, 1973). The blow counts obtained from non-standard penetration tests using a Modified 


California Sampler (1.94-inch inside diameter and 2.4-inch inside diameter) were converted to standard 


blow count using the Burmister’s standard relationships (Fang, 1997). The conversion factors for sandy 


and clayey soils are 0.80 and 0.95 for the 1.94-inch inside diameter Modified California Sampler, 


respectively. Similarly, the conversion factors for sandy and clayey soils are 0.60 and 0.70 for the 2.4-


inch inside diameter Modified California Sampler, respectively. No energy efficiency correction was 


applied to correct the blow counts. 


Engineering parameters for the generalized profile are presented in subsections for each individual wall in 


Section 8.2.  


7.2 CUTS AND EXCAVATION 


7.2.1 Permanent Cuts 


Permanent cuts and excavations at gradients ranging from level to 2:1 (H:V) up to 32 feet will be retained 


by the proposed Caltrans standard Type 1 retaining walls to accommodate the freeway widening. We do 


not anticipate any permanent cuts or excavation for the proposed MSE walls. In addition, near vertical 


permanent cuts up to 25 feet along portion of the depressed SR-91 are planned to be reinforced by soil 


nails using a ‘top-down’ approach. Recommendations for these retaining walls are provided in individual 


subsections in Section 8.2. 


7.2.2 Temporary Excavation 


Temporary excavations during construction should be carried out in such a manner that failure and 


excessive ground movement can be precluded. All temporary excavations should comply with the current 


California and Federal OSHA requirements, as applicable. Cal/OSHA Soil Types are presented in the 


subsection for each individual wall in Section 8.2. It should be noted that this assessment of Cal/OSHA 


soil type for temporary excavations is based on engineering classifications of material encountered in 


widely spaced explorations. The contractor should have a geotechnical or geological professional evaluate 


the soil conditions encountered during excavation to determine permissible temporary slope inclinations. 
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In areas where space does not allow temporary sloped cuts or cuts into soils with little cementation, 


temporary shoring may be necessary.  


Surcharge loads from vehicles, and stockpiled material should be kept away from the top of temporary 


excavations at a distance equal to at least one half of the excavation depth. During wet weather, runoff 


water should be prevented from entering the excavation, and collected and disposed of outside the 


construction limits. To prevent runoff from adjacent areas from entering the excavation, a perimeter berm 


should be constructed at the top of the slope. 


7.3 EMBANKMENTS 


Approach fill and backfill at gradients ranging from level to 2:1 (H:V) up to 32 feet and 34 feet placed 


against the new Caltrans standard Type 1 retaining walls and MSE walls, respectively,  are necessary to 


complete the widening along the elevated segment of the freeway. Placement of the fill prism will induce 


some settlement within the underlying soils. Total and differential settlement induced by the placement of 


fill will be addressed in subsections for each individual wall in Section 8.2. As groundwater is relatively 


deep along the project alignment, the settlements are anticipated to be primarily due to immediate 


settlement and the settlement is expected to be completed during construction. Consequently, no waiting 


period is deemed necessary. 


We do not anticipate any new fill to be placed for the completion of the proposed soil nail walls. As a 


result, settlement is not a project design issue for these walls. 


7.4 SLOPE STABILITY ANALYSIS 


7.4.1 General 


Slope stability analysis was performed to evaluate the factor of safety for the global stability of the 


proposed retaining walls under static and seismic conditions. The slope stability analyses of each wall 


were completed for the most critical sections. The analyses were performed adopting soil and 


groundwater conditions interpreted from the field investigations. The seismic analyses adopted a 


horizontal acceleration equal to one-third of the PGA in accordance with the Caltrans Guidelines for 


Foundation Investigations and Reports (March 2006) and Bridge Design Specifications (September 


2004). 


Ultimate shear strength of soils was used in the analyses to determine the lowest factor of safety among 


theoretical failure surfaces. Traffic surcharge was included in the slope stability analysis as an equivalent 


uniform load of 240 pounds per square foot (psf) where applicable. 


A summary of the stability results is presented in individual subsection for each wall in Section 8.2. The 


results of the slope stability analyses are presented in terms of factors of safety. The assessment adopted 


minimum factors of safety of 1.5 for static conditions and 1.1 for seismic conditions. Appendix C 


provides computer output and graphical results of the slope stability analyses of the retaining walls. 
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7.4.2 Type 1 and Mechanically Stabilized Earth Retaining Walls 


Slope stability analyses of these walls were made to investigate the potential of instability against a deep-


seated failure beneath the bottom of the retaining walls, which if it were to happen, would undermine the 


proposed shallow foundations. 


Slope stability analyses for these walls were performed using SLOPE/W, a computer program that 


evaluates factor of safety against overall failure using two-dimensional limit equilibrium methods. 


Specifically, we used SLOPE/W to search for the most critical failure surface by means of the 


Morgenstern and Price Method. 


7.4.3 Soil Nail Walls 


Slope stability analyses were made to investigate the potential of failure in which theoretical slip surface 


intersects the ground surface above the top of wall outside the upper level(s) of nails. The analyses were 


performed using SNAILZ, a computer program which evaluates factors of safety against overall failure 


using two-dimensional limit equilibrium methods. Specifically, we used SNAILZ to search for the most 


critical failure surface by means of the methodologies outlined by the Federal Highway Administration 


(FHWA, 1999 and 2003). 


We assumed that 1-inch diameter (#8 bar) soil nails with allowable yield strength of 36 kips per square 


inch (ksi) will be installed in an 8-inch diameter grouted hole drilled at an inclination of 15
o
 from the 


horizontal in our analysis. In addition, we assumed that the soil nails will be arranged in a square pattern 


with horizontal and vertical spacing equal to 5 feet, and a maximum distance of 2.5 feet from the top and 


edges of wall to the outermost soil nails. An allowable punching shear strength of 35 kips was also 


assumed for the facing. The soil nail contractor should verify the adequacy of the assumptions for internal 


stability. 


7.5 DEEP FOUNDATIONS 


7.5.1 General 


Segments of some walls are expected to span across the existing Riverside Canal and some planned new 


culverts . Wall segments within the influence zone of the proposed shallow wall foundations, defined by 


an imaginary plane projected upward at a gradient of 1:1 from the outside bottom edges of the canal and 


culverts, will have to be supported on piles to avoid surcharging these drainage features. The invert 


elevations of the Riverside Canal and the proposed culverts are obtained from drainage plans provided by 


Caltrans.  


We have considered different pile alternatives for the project. Based on the findings of our field 


explorations, the subsurface materials are generally granular at the subject wall locations. The use of cast-


in-drilled-hole (CIDH) pile is a less attractive option because of the potential of caving during drilling and 


the battering restriction for CIDH piles within granular materials. In our opinion, driven piles would be a 


more feasible option.  
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We recommend Caltrans standard Class 90 Alternative ‘Y’ precast, prestressed concrete driven piles for 


the project, as they are generally more cost effective than steel driven piles. With a proper choice of 


equipment, we do not anticipate any drivability issue that will preclude the use of these displacement 


piles. However, these piles should be pre-drilled below the inverts of the drainage features prior to pile 


driving. The standard concrete piles can be battered at a gradient of 1:3 (H:V) on a needed basis. 


7.5.2 Axial Geotechnical Capacity 


Axial capacities and pile tip elevations of the proposed precast, prestressed concrete piles were estimated 


using the method adopted from the Army Corps of Engineers. The method calculates end bearing and 


shaft resistance of driven piles with the conventional soil mechanics approach by relating soil-pile 


interaction with shear strength parameters. The shear strength parameters of each individual soil layer 


used in the axial capacity calculations were estimated using the generally accepted SPT N-value 


correlations (Terzaghi and Peck, 1967) with internal friction angle for cohesionless soils or undrained 


shear strength for cohesive soils. 


Our methodology also adopts the assumptions listed below: 


• The proposed Caltrans standard Class 90 Alternative ‘Y’ precast, prestressed concrete driven 


piles were analyzed as displacement piles. 


• A downdrag load is not an issue since the liquefaction potential is low. 


• The shaft resistance used to evaluate pile tip elevations for compression and tension assumes no 


contribution from the level of the pre-drill up to the pile cut-off level. 


• Considering that the piles are driven into interbedded coarse- and fine-grained materials, an 


average group efficiency factor of 1.0, or no group reduction, is used in evaluating axial 


capacities. 


Tip elevations were adjusted considering compression and tension as well as the interpretation of bearing 


conditions based on past project experience to ensure that the material at the pile tip is suitable for 


foundation support. 


7.5.3 Lateral Geotechnical Capacity 


Lateral load capacities for the proposed piles were calculated using the computer program LPILE
PLUS


 5.0 


(Reese et al., 2004). The lateral capacity of piles was estimated using soil resistance-pile deflection 


models (p-y analyses) for sands, clays, and silts. The pile was modeled as an elastic member using the 


gross moment of inertia. Appendix C provides a summary of the estimated lateral pile capacities and 


deflections, along with our assumptions, pile properties, soil properties, and sample output files with 


deflection, bending moment, shear, and soil resistance with depth. 


The lateral capacities are applicable to the case where lateral loads are applied at the pile cap and are based 


upon the noted deflection at the pile cap (or at the ground-line in the cases where there is no pile cap) for free- 


head condition. A free-head condition denotes freedom of both translation and rotation. 
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Group effects were incorporated in the analyses by scaling the p-y curves using the “p-multipliers” 


method proposed by Caltrans (2003). An average p-multiplier was used in calculating lateral capacity and 


moment for each pile arranged in a group based on pile spacing. Summary of “p-multiplier” and pile 


spacing are presented in individual subsection for walls in Section 8.2. No group reduction is applied 


when the piles are spaced at least 8 times pile diameter apart. 
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SECTION 8 CONCLUSIONS AND RECOMMENDATIONS 


8.1 EARTHWORK 


8.1.1 Site Preparation and Overexcavation 


Prior to earthwork, the areas to be cut, to receive fill, or to receive stockpile materials should be cleared 


and stripped of all debris, deleterious materials, organics and vegetation. Cleared and grubbed material as 


well as all rubble waste which may be encountered or created should be removed and disposed of 


appropriately in accordance with Sections 16 and 19-2.02 of the Caltrans Standard Specifications, or the 


material can be removed and delivered to an approved sanitary landfill under observation of the resident 


engineer.  


In areas of cut or fill, the exposed excavated surface should be observed by the geotechnical quality 


control representative to confirm that satisfactory subgrade soils have been encountered. Any loose or soft 


soils within a depth of 3 feet below the bottom of the proposed excavation should be removed. The 


bottom of excavation should be scarified, moisture conditioned to be near the optimum moisture content, 


and compacted to at least 90 percent relative compaction, and to 95 percent relative compaction when it is 


used to support any structure footing. The laboratory maximum dry density and optimum moisture 


content of each change in soil type should be determined in accordance with latest edition of test method 


ASTM D1557. 


8.1.2 Compaction 


Except for structural approach fill, compaction and excavation for embankment and berm should conform 


to Sections 19-5 and 19-6, respectively, of Caltrans Standard Specifications. The placement of the large 


rocks (boulders) should conform to Sections 19-5.02 and 19-6.01 of Caltrans Standard Specifications. 


8.1.3 Demolition 


Any cesspools, septic tanks, or sewage pits encountered during grading should be removed in accordance 


with the Uniform Plumbing Code, Appendix I, Item 11, “Abandoned Sewers and Sewage Disposal 


Facilities”. An additional specification is that all backfill for such items should be compacted to at least 


90 percent relative compaction (per CTM 216) unless specified otherwise. 


8.1.4 Removals 


Soft soils, undocumented fills and concrete and rubble piles along the alignment should be removed.  


8.1.5 Material Specifications 


Material specifications shall conform to the applicable Caltrans Standards and Special Provisions. 


Structure backfill and pervious backfill should conform to Section 19-3.06 and 19-3.065 of Caltrans 


Standard Specifications, respectively.   
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Embankment materials should be granular, low-expansion soil, free of trash, debris, root, vegetation, or 


other deleterious materials. Fill should be free of rocks or hard lumps of materials in excess of 3 inches in 


greatest dimension. If import materials are needed, they should conform to Section 19-7.02 of the 


Caltrans Standard Specification and should be approved by the geotechnical engineer. Embankments 


within 150 feet of bridge abutments should be considered structure backfills and should conform to 


Sections 19-5.03 of the Caltrans Standard Specifications. 


8.1.6 Oversized Materials 


The use of oversize rock (greater than 3 inches in diameter) in embankments should be in accordance 


with Section 19-5.02 of the Caltrans Standard Specifications. This requirement does not apply to riprap 


for slope protection. 


8.2 EARTH RETAINING STRUCTURES 


The project includes design and construction of two (2) combined soundwall and retaining walls and forty 


five (45) retaining walls. The walls are located along both eastbound and westbound of main line SR-91 as 


well as along some of the on- and off- ramps. Based on the project plans and cross-sections submitted by 


Caltrans, approximate retaining wall particulars are summarized in Tables 1A and 1B. Each retaining wall 


will be discussed separately in the following subsections of this report. The locations of these retaining walls 


are shown on Figures 2a through 2k. 


8.2.1 Retaining Wall 172 


The foundations of the proposed retaining wall are anticipated to be founded on existing artificial fill. The 


fill is considered an adequate bearing material for supporting the retaining wall foundations. Total and 


differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


Caltrans standard Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.1.1 Project Description and Site Location 


The project site is located immediately east of Jefferson Street Undercrossing (Bridge No. 56-0387) along 


an elevated segment of eastbound SR-91, where the existing freeway surface was constructed on 


embankments up to 20 feet above the surrounding street grade. The freeway surface elevation ranges from 


approximately 846.0 feet and 854.9 feet, respectively, at the eastern and western end of the retaining wall. 


The project alignment relative to general topography, streets, and landmark is shown on Figure 2a, Wall 


Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.1.1 


below. 
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Table 8.2.1.1 - Summary of Proposed Retaining Wall RW 172 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 172 
Station 171+60 RT 66 to Station 


175+60 RT 66 
400 4 - 10 Level 838.5-845.3 


A-07-101                             


A-07-102 


 


8.2.1.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (A-07-101 and A-07-102) 


from the freeway grade. Approximate locations of borings are shown in Figure 2a. Details are provided in 


the following table. 


Table 8.2.1.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-101 31.5 Realigned SR-91 173+00 53 852.4 


A-07-102 61.0 Realigned SR-91 175+60 53 846.2 


 


8.2.1.3 Geotechnical Analysis and Design 


8.2.1.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 8 feet to 18 feet of artificial fill consisting of 


dense clayey sand and very dense silty sand. Underlying the fill to maximum depths explored is Holocene 


and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists primarily of loose to medium 


dense clayey sand, medium stiff sandy silt, very stiff sandy clay, very dense silty sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.1.3.   
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Table 8.2.1.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N- 


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


852.4-


834.9 
0-18 


Artificial 


Fill 


Dense clayey 


SAND (SC), very 


dense silty SAND 


(SM) 


38-73 


(52) 


6.0-9.4 


(8.0) 
125 


50-150 


(100) 
34 


1,000-


1,600 


(1,300) 


834.9-


785.2 
18-67 Alluvium 


Loose to medium 


dense clayey 


SAND (SC), 


medium stiff sandy 


SILT (ML), hard 


sandy CLAY (CL), 


very dense silty 


SAND (SM) 


7-100 


(18) 


9.2-20.1 


(13.3) 
120 


100-800 


(280) 


29-38 


(32) 


300-


1,300 


(800) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value and 
moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, Hanson 
and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.1.3.2 Cuts and Excavation 
Based on the findings of our investigation, a Cal/OSHA Soil Type C and B can be assumed for the 


existing fill and alluvium, respectively. It should be noted that this assessment of Cal/OSHA soil type for 


temporary excavations is based on engineering classifications of material encountered in widely spaced 


explorations. The contractor should have a geotechnical or geological professional evaluate the soil 


conditions encountered during excavation to determine permissible temporary slope inclinations. 


8.2.1.3.3 Embankments 


Backfill on the order of 4 to 10 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of loose to medium dense clayey sand and 


medium stiff to very stiff sandy clay and silt. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.1.3. Immediate settlement is estimated to be less than ¼ inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate, no 


waiting period is deemed necessary. 


8.2.1.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 10 feet at Station 


172+00. The parameters used in the slope stability analyses are presented in Table 8.2.1.3. A summary of 


the stability results is presented in Table 8.2.1.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.1.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


172+00 2.13 1.57 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.1.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.1.5.  


Table 8.2.1.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


A-07-102 0-5.0 843.7 7.0 3,300 1,044 270 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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8.2.1.4 Shallow Foundations 


8.2.1.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than ½ and ¼ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.1.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 440 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.1.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.1.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.1.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.1.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 
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8.2.2 Retaining Wall 194 


The foundations of the proposed retaining wall are anticipated to be founded on existing artificial fill. The 


fill is considered an adequate bearing material for supporting the retaining wall foundations. Total and 


differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.2.1 Project Description and Site Location 


The project site is located immediately west of Madison Street Undercrossing (Bridge No. 56-0384) along 


an elevated segment of eastbound SR-91, where the existing freeway surface was constructed on 


embankments up to 20 feet above the surrounding street grade. The retaining wall alignment is planned 


from Station 193+35 to Station 197+35. The freeway surface elevation ranges from approximately 868.7 


feet and 860.0 feet, respectively, at the eastern and western end of the retaining wall. The project 


alignment relative to general topography, streets, and landmark is shown on Figure 2a, Wall Layout and 


Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.2.1 


below. 


Table 8.2.2.1 - Summary of Proposed Retaining Wall RW 194 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 194 
Station 193+35 RT 66 to Station 
197+35 RT 66 


400 4 -8 Level 854.0-859.0 
A-07-103                             
A-07-104 


 


8.2.2.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (A-07-103 and R-07-104) 


from the freeway grade. Approximate locations of borings are shown in Figure 2a. Details are provided in 


the following table. 


Table 8.2.2.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-103 31.5 Realigned SR-91 194+40 53 861.9 


R-07-104 51.5 Realigned SR-91 196+80 53 866.8 
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8.2.2.3 Geotechnical Analysis and Design 


8.2.2.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 18 feet to 24 feet of artificial fill consisting 


of a mixture of dense to very dense clayey sand and very stiff to hard sandy clay and sandy silt. 


Underlying the fill to maximum depths explored is Holocene and Pleistocene age, unconsolidated alluvial 


deposits. The alluvium consists primarily of stiff to very stiff sandy clay, very loose to loose clayey sand, 


and medium dense poorly graded sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.2.3. 


Table 8.2.2.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


866.8-
843.3 


0-23.5 
Artificial 
Fill 


Dense to very 
dense clayey 
SAND (SC), very 
stiff to hard sandy 
CLAY (CL-ML/ML) 


25-
100 
(36) 


7.3-11.6 
(8.6) 


125 
50-150 
(100) 


34 
1,000-
1,600 
(1,300) 


843.3-
815.3 


23.5-
51.5 


Alluvium 


Stiff to very stiff 
sandy CLAY (CL), 
very loose to loose 
clayey SAND (SC), 
medium dense 
poorly graded 
SAND (SP/SP-SM) 


push-
25 
(14) 


9.9-16.0 
(12.0) 


120 
50-350 
(190) 


27-32 
(30)  


200-1000 
(500) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 
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8.2.2.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.2.3.3 Embankments 


Backfill on the order of 4 to 8 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site mostly consist of very loose to very dense clayey sand and stiff 


to very stiff sandy clay. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.2.3. Immediate settlement is estimated to be about less than ¼ inch 


as shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.2.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 8 feet at Station 


195+00. The parameters used in the slope stability analyses are presented in Table 8.2.2.3. A summary of 


the stability results is presented in Table 8.2.2.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.2.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


195+00 2.42 1.82 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.2.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.2.5.  
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Table 8.2.2.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-104 0-5.0 866.8-861.8 7.9 3,500 ND 165 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.2.4 Shallow Foundations 


8.2.2.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than ½ and ¼ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.2.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 440 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 
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8.2.2.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.2.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.2.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.2.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


 


8.2.3 Retaining Wall 198 


The foundations of the proposed retaining wall are anticipated to be founded on existing artificial fill. The 


fill is considered an adequate bearing material for supporting the retaining wall foundations. Total and 


differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. Segment of the wall between 


Stations 200+00 and 201+15 should be supported on deep foundations to avoid surcharging the existing 


Riverside Canal.  


8.2.3.1 Project Description and Site Location 


The project site is located immediately east of Madison Street Undercrossing (Bridge No. 56-0384) along 


an elevated segment of eastbound SR-91, where the existing freeway surface was constructed on 


embankments up to 20 feet above the surrounding street grade. The retaining wall alignment is planned to 


be constructed on the embankment slope from Station 198+80 to Station 201+50. The freeway surface 


elevation ranges from approximately 864.8 feet and 868.7 feet, respectively, at the eastern and western 


end of the retaining wall. The project alignment relative to general topography, streets, and landmark is 


shown on Figures 2a and 2b, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.3.1 


below.  
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Table 8.2.3.1 - Summary of Proposed Retaining Wall RW 198 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 198 
Station 198+80 RT 66 to Station 


201+50 RT 66 
270 4 - 8 Level 859.5-860.5 


R-07-105               


R-07-107 


 


8.2.3.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-105 and R-07-107) 


from the freeway grade. Approximate locations of borings are shown in Figures 2a and 2b. Details are 


provided in the following table. 


Table 8.2.3.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-105 80.8 Realigned SR-91 200+30 53 868.1 


R-07-107 62.5 Realigned SR-91 203+60 53 863.3 


 


8.2.3.3 Geotechnical Analysis and Design 


8.2.3.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 7 feet to 13 feet of artificial fill consisting of 


very stiff to stiff sandy clay and medium dense clayey sand. Underlying the fill to maximum depths 


explored is Holocene and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists 


primarily of stiff to very stiff sandy clay and sandy silt, and medium dense to very dense clayey sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.3.3. 
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Table 8.2.3.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


868.1-


855.1 
0-13.0 


Artificial 


Fill  


Very stiff to hard 


sandy CLAY (CL), 


medium dense 


clayey SAND (SC) 


22-30 


(26) 


6.4-12.1 


(9.0) 
125 


50-150 


(100) 
34 


350-750 


(550) 


855.1-


787.3 


13.0-


81.0 
Alluvium 


Stiff to hard sandy 


CLAY (CL) and 


sandy SILT (ML), 


medium dense to 


very dense clayey 


SAND (SC/SP-SC) 


13-


100 


(29) 


6.9-10.7 


(8.7) 
120 


175-800 


(400) 


29-36 


(31) 


300-1200 


(750) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.3.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.3.3.3 Embankments 


Backfill on the order of 4 to 8 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of stiff to hard sandy clay and medium dense 


to very dense clayey sand. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.3.3. Immediate settlement is estimated to be less than ¼ inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.3.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 8 feet at Station 


199+00. The parameters used in the slope stability analyses are presented in Table 8.2.3.3. A summary of 


the stability results is presented in Table 8.2.3.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.3.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


199+00 2.43 1.80 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.3.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.3.5.  


Table 8.2.3.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-107 0-5.0 863.3-858.3 6.8 4,000 888 285 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 







SECTIONEIGHT Conclusions and Recommendations 


  8-15 


8.2.3.4 Shallow Foundations 


8.2.3.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than ½ and ¼ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.3.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 440 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for preliminary design. Passive pressure and friction may be used in 


combination for resistance against sliding, provided that the passive pressure is limited to one-half of the 


recommended values in evaluating the resistance to lateral loads. 


8.2.3.5 Deep Foundations 


Segment of the wall between Stations 200+00 and 201+15 should be supported on deep foundations to 


avoid surcharging the existing Riverside Canal. The invert elevation of the reinforced concrete box (RCB) 


is estimated to be at 848.6 ft at the location where it crosses below the wall. 


8.2.3.5.1 Axial Geotechnical Capacity 


Axial capacities of the proposed piles were evaluated considering frictional resistance only. The Pile Data 


Table below presents our recommendations for the proposed pile foundations. 
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Table 8.2.3.6 - Pile Data Table for Proposed Piles 


Nominal  Resistance 
(kips) 


Location Pile Type 
Design 
Loading 
(kips) 


Comp. Tension  


Bottom of 
Footing 
Elevation 
(ft MSL) 


Design Tip 
Elevation 
(ft MSL) 


Specified 
Tip 


Elevation  
(ft MSL) 


200+00 to 


201+15 


Caltrans 


Standard 


Class 90  Alt 


‘Y’ Concrete 


Piles 


90 180 90 860.0 


831.5 (1)        


831.0 (2) 


837.5 (3)        


831.0 (4) 


Design tip elevation is controlled by the demands: 


(1) Compression; (2) Tension; (3) Lateral Loads; (4) The specified tip elevation shall not be raised. 


Notes: 


a. Predrilling to obtain the specified penetration in conformance with the provisions in Section 49.1.05, “Driving 
Equipment” of the Standard Specifications shall not be allowed without approval of the Geotechnical Engineer.  


b. Minimum Pile Length for Lateral Loads determined by 1.5 times the critical length for which a further increase in 
pile length does not reduce deflection substantially. 


 


8.2.3.5.2 Lateral Geotechnical Capacity 
The acceptable horizontal deflection, rather than the lateral geotechnical strength or structural capacity of 


the pile section, often controls the allowable lateral capacity of piles. Lateral load evaluations were 


performed for free-head conditions for the Caltrans standard Class 90 Alternative ‘Y” concrete piles. A 


factor of safety has not been applied to the estimated loads or deflections.  


The lateral capacity calculations have included group effect by assuming a minimum of 5 pile-diameter 


spacing. An average p-multiplier of 0.85 was used in calculating lateral capacity for each pile. A p-


multiplier of 0.95 was used in calculating moment for piles, as the higher moment substantiated by the 


leading row would govern the moment design. Slope reduction is considered for the piles since the 


retaining wall situated on the embankment. 


The following table presents estimated lateral pile capacities using a range of deflections for the 


controlling load case.  


Table 8.2.3.7 - Lateral Capacity for Proposed Piles 


Lateral Deflection of Pile Cap 
(inch) 


Lateral Load per Pile (kips)  
free-head 


0.25 11.5 


0.5 19.2 


1.0 30.4 


 


A summary of the estimated lateral pile capacities and deflections along with our assumptions, pile 


properties, soil properties, and sample output files with deflection, bending moment, shear, and soil 


resistance with depth is presented in Appendix C. 
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8.2.3.5.3 Pile Spacing 
The recommended geotechnical capacities have assumed a pile spacing of at least 5 times pile diameter. 


These capacities should be re-evaluated if the actual pile spacing is less. 


8.2.3.5.4 Battered Pile 
As the project site is not underlain by potentially liquefiable soils, battered piles can be used at a gradient 


of 1:3 (H:V) for the purpose of resisting lateral loads. 


8.2.3.6 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.3.8 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.3.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.3.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.4 Retaining Wall 200 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.4.1 Project Description and Site Location 


The project site is located immediately east of Madison Street Undercrossing (Bridge No. 56-0384) along 


a segment of SR-91, where the existing freeway surface was constructed on embankments above the 


surrounding existing street grade. The retaining wall alignment is planned from Station 200+00 to Station 


208+50 along the down slope side of the eastbound SR-91 Madison Street On-ramp. The on-ramp surface 


elevation ranges from approximately 856 feet and 861 feet, respectively, at the western and eastern end of 
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the retaining wall. The project alignment relative to general topography, streets, and landmark is shown 


on Figure 2b, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.4.1 


below.  


Table 8.2.4.1 - Summary of Proposed Retaining Wall RW 200 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 200 
Station 200+00 RT 140 to Station 


206+40 RT 100 
640 4 - 12 Level 851.0-857.5 


R-07-106                                         


R-07-108                            


R-07-109 


 


8.2.4.2 Field Exploration 


The field exploration program consisted of drilling three (3) exploratory borings (R-07-106, A-07-108, 


and R-07-109) from the on-ramp grade. Approximate locations of borings are shown in Figure 2b. Details 


are provided in the following table. 


Table 8.2.4.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-106 51.5 Realigned SR-91 200+50 150 857.0 


R-07-108 51.5 Realigned SR-91 204+80 100 860.5 


R-07-109 71.5 Realigned SR-91 208+30 67 860.0 


 


8.2.4.3 Geotechnical Analysis and Design 


8.2.4.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium stiff to very stiff sandy clay/silt and loose to 


medium dense clayey sand with occasional silty sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.4.3. 
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Table 8.2.4.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


857.0-
836.5 


0-20 
Alluvium 
(Qal1) 


Loose to medium 
dense Clayey Sand 
(SC)/ Sandy Silt 
(ML) 


4-23 
(13) 


3.6-20.1 
(12) 


125  
140-210 


(160) 


30-31 
(31) 


200-350 
(300) 


836.5-
825.5 


20-31.0 
Alluvium 
(Qal2) 


Stiff Sandy Lean 
Clay (CL) 


10-16 
(12) 


11-18 
(15) 


125 
140-210 


(160) 


30-32 
(30) 


300-1000 
(680) 


825.5-
818.0 


31.0-
38.5 


Alluvium 
(Qal3) 


Medium dense to 
dense Clayey Sand 
(SC) 


10-23 
(15) 


13-17 
(15) 


125 
150-250 
(200) 


30-32 
(30) 


300-1000 
(650) 


818.0-


805.0 


38.5-


51.5 


Alluvium 


(Qal4) 


Stiff to hard Sandy 


Lean Clay (CL) 


13-47 


(24) 


15-19 


(17) 
130 


400-450 


(430) 


32-33 


(33) 


800-1500 


(1200) 


Notes: 


a. Profile developed from eastbound State Route 91 Madison Street on-ramp level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.4.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 
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8.2.4.3.3 Embankments 


Backfill on the order of 4 to 9 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of stiff to hard sandy lean clays overlying 


dense clayey sands. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.4.3. Immediate settlement is estimated to be about 1 inch as shown 


in calculations presented in Appendix C. Because settlement is anticipated to be immediate settlement, no 


waiting period is deemed necessary 


8.2.4.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 9 feet at Station 


200+50. The parameters used in the slope stability analyses are presented in Table 8.2.4.3. A summary of 


the stability results is presented in Table 8.2.4.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.4.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


200+50 2.96 2.14 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.4.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.4.5.  
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Table 8.2.4.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-108 0-5.0 860.5-855.5 6.6 1,400 240 45 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.4.4 Shallow Foundations 


8.2.4.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


 Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.4.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 390 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.38 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.4.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.4.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 
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Table 8.2.4.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.4.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.5 Retaining Wall 231 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.5.1 Project Description and Site Location 


The project site is located immediately west of Brockton Avenue Undercrossing (Bridge No. 56-0385) 


along an elevated segment of State Route 91 (SR-91), where the existing freeway surface was constructed 


on embankments up to 21 feet above the surrounding street grade. The retaining wall alignment is 


planned from Station 230+20 to Station 238+75 along the north and toe of the westbound SR-91 


embankment. The freeway surface elevation ranges from approximately 884.6 feet and 870.3 feet, 


respectively, at the eastern and western end of the retaining wall. The project alignment relative to general 


topography, streets, and landmark is shown on Figure 2c, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.5.1 


below.  


Table 8.2.5.1 - Summary of Proposed Retaining Wall RW 231 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 231 
Station 230+20 LT 82 to Station 


238+75 LT 94 
855 4 - 24 Level 858.0-864.0 


R-07-110                         


R-07-111 
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8.2.5.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-110 and R-07-111) 


from the freeway grade. Approximate locations of borings are shown in Figure 2c. Details are provided in 


the following table. 


Table 8.2.5.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-110 71.5 Realigned SR-91 230+30 55 869.8 


R-07-111 71.5 Realigned SR-91 237+55 53 883.1 


 


8.2.5.3 Geotechnical Analysis and Design 


8.2.5.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 4 feet to 18 feet of artificial fill consisting of 


a mixture of soft to stiff sandy clay and medium dense clayey sand. Underlying the fill to maximum 


depths explored is Holocene and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists 


primarily of soft to very stiff sandy clay and loose to medium dense clayey sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.5.3. 
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Table 8.2.5.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


883.1-


865.1 
0-18 


Artificial 


Fill 


Soft to stiff sandy 


CLAY (CL),  


medium dense 


clayey SAND (SC) 


3-15      


(11) 


6.4-14.2 


(11.3) 
115 


100-150 


(125) 


28-32    


(30) 


250-650 


(450) 


865.1-


798.3 
18-85 Alluvium 


Soft to very stiff 


sandy CLAY (CL), 


very loose to dense 


clayey SAND 


(SC/SC-SM) 


4-43               


(19) 


6.9-18.4 


(13.5) 
115 


100-250 


(175) 


28-34                


(31) 


350-1050 


(700) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.5.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.5.3.3 Embankments 


Backfill on the order of 4 to 24 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of soft to very stiff sandy clay and loose to 


medium dense clayey sand. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 
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calculations are presented in Table 8.2.5.3. Immediate settlement is estimated to be about 0.3 to 1.4 inches 


as shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.5.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 124 feet at Station 


238+50. The parameters used in the slope stability analyses are presented in Table 8.2.5.3. A summary of 


the stability results is presented in Table 8.2.5.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.5.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


238+50 2.19 1.72 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.5.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.5.5.  


Table 8.2.5.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-111 0-5.0 883.1-878.1 8.4 3,300 57 150 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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8.2.5.4 Shallow Foundations 


8.2.5.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1.5 and ¾ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.5.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 360 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.38 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.5.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.5.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.5.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.5.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 
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8.2.6 Retaining Wall 240 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.6.1 Project Description and Site Location 


The project site is located immediately east of Brockton Avenue Undercrossing (Bridge No. 56-0385) 


along an elevated segment of SR-91, where the existing freeway surface was constructed on 


embankments up to 20 feet above the surrounding street grade. The retaining wall alignment is planned 


from Station 240+55 to Station 250+60 along the south and down slope side of the realigned eastbound 


off-ramp to Indiana Avenue. The freeway surface elevation ranges from approximately 862 feet and 881 


feet, respectively, at the eastern and western end of the retaining wall. The project alignment relative to 


general topography, streets, and landmark is shown on Figure 2c, Wall Layout and Exploratory Location 


Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.6.1 


below.  


Table 8.2.6.1 - Summary of Proposed Retaining Wall RW 240 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 240 
Station 240+00 RT 80 to Station 


248+00 RT 122 
800 4 - 20 Level 856.0-863.0 


 A-07-113                              


A-07-115                            


R-07-117                  


R-07-118 


 


8.2.6.2 Field Exploration 


The field exploration program consisted of drilling four (4) exploratory borings (A-07-113, A-07-115, R-


07-117 and R-07-118) from the freeway and off-ramp grade. Approximate locations of borings are shown 


in Figure 2c. Details are provided in the following table. 
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Table 8.2.6.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-113 71.5 Realigned SR-91 240+90 60 882.2 


A-07-115 51.5 Realigned SR-91 245+00 74 870.4 


R-07-117 31.5 Realigned SR-91 247+70 70 864.4 


R-07-118 51.5 Realigned SR-91 250+30 90 861.1 


 


8.2.6.3 Geotechnical Analysis and Design 


8.2.6.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 20 feet of artificial fill consisting of loose to 


dense clayey sand. Underlying the deposits to maximum depths explored is Holocene and Pleistocene 


age, unconsolidated alluvial deposits. The alluvium consists primarily of loose to very dense clayey sand 


and medium dense silty sand with occasional seams of medium stiff to hard sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.6.3. 
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Table 8.2.6.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength 


Average 
Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total Unit 
Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


882.2-


862.4 
0-20 


Artificial 


Fill 


Loose to dense 


clayey SAND (SC)  


7-39 


(23) 


7.7-18.5 


(11.6) 
120 100 34 - 


862.4-


809.6 
20-72 Alluvium 


Loose to very dense 


clayey SAND (SC), 


medium dense silty 


SAND (SM), 


medium stiff to hard 


sandy lean CLAY 


and CLAY with sand 


(CL), medium dense 


to dense SAND with 


silt or clay (SP-


SM/SP-SC)  


3-100 


(23) 


4.3-28.1      


(15.1) 
120 510 31 


380-1600 


(990) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.6.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium, respectively. It should be noted that this assessment of Cal/OSHA soil type for temporary 


excavations is based on engineering classifications of material encountered in widely spaced explorations. 


The contractor should have a geotechnical or geological professional evaluate the soil conditions 


encountered during excavation to determine permissible temporary slope inclinations. 
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8.2.6.3.3 Embankments 


Backfill on the order of 4 to 20 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to dense clayey sand with 


occasional stiff lean clay. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.6.3. Immediate settlement is estimated to be less than 1 inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary. 


8.2.6.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 20 feet at Station 


242+50. The parameters used in the slope stability analyses are presented in Table 8.2.6.3. A summary of 


the stability results is presented in Table 8.2.6.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.6.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


242+50 3.04 2.41 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.6.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.6.5.  
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Table 8.2.6.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


A-07-113 0-5.0 882.2-877.2 11.6 2,250 186 90 


R-07-117 0-5.0 864.4-861.4 6.4 1,200 69 75 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


 


8.2.6.4 Shallow Foundations 


8.2.6.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1.0 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


 


8.2.6.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 375 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.38 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 
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8.2.6.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.6.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.6.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.6.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.7 Retaining Wall 241 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.7.1 Project Description and Site Location 


The project site is located immediately east of Brockton Avenue Undercrossing (Bridge No. 56-0385) 


along an elevated segment of SR-91, where the existing freeway surface was constructed on 


embankments up to 21 feet above the surrounding street grade. The retaining wall alignment is planned 


from Station 239+50 to Station 244+30 along the westbound State Route 91 (SR-91) embankment. The 


freeway surface elevation ranges from approximately 874.0 feet and 883.0 feet, respectively, at the 


eastern and western end of the retaining wall. The project alignment relative to general topography, 


streets, and landmark is shown on Figure 2c, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.7.1 


below.  
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Table 8.2.7.1 - Summary of Proposed Retaining Wall RW 241 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 241 
Station 239+50 LT 94 to Station 


244+30 LT 97 
480 4 - 24 Level 853.0-858.0 


R-07-112                                


R-07-114 


 


8.2.7.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-112 and R-07-114) 


from the freeway grade. Approximate locations of borings are shown in Figure 2c. Details are provided in 


the following table. 


Table 8.2.7.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-112 71.5 Realigned SR-91 240+00 53 882.7 


R-07-114 72.5 Realigned SR-91 244+20 58 873.2 


 


8.2.7.3 Geotechnical Analysis and Design 


8.2.7.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 14 feet to 20 feet of artificial fill consisting 


of medium dense clayey sand. Underlying the deposits to maximum depths explored is Holocene and 


Pleistocene age, unconsolidated alluvial deposits. The alluvium consists primarily of loose to medium 


dense clayey sand, medium stiff to hard sandy clay, and medium dense to dense silty sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.7.3. 


 


 


 







SECTIONEIGHT Conclusions and Recommendations 


  8-34 


Table 8.2.7.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


882.7-


858.8 
0-24 


Artificial 


Fill 


Medium dense 


clayey SAND (SC) 


12-30            


(21) 


6.4-16.5 


(12.1) 
120 


50-200 


(100) 


31-35              


(34) 


600-900 


(750) 


858.8-


819.3 
24-63 


Alluvium 1 


Qal1 


Loose to medium 


dense clayey 


SAND (SC), 


medium stiff to very 


stiff sandy CLAY 


(CL) 


8-25                     


(14) 


7.7-23.6 


(16.2) 
120 300 28 


450-850 


(650) 


819.3-


800.8 
63-82 


Alluvium 2 


Qal2 


Medium dense to 


dense silty SAND 


(SM/SW/SP-SM), 


hard sandy CLAY 


(CL), medium 


dense to dense 


clayey SAND (SC) 


27-47       


(38) 
- 120 


200-300 


(250) 


34-36           


(35) 


700-1100 


(900) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.7.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 
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8.2.7.3.3 Embankments 


Backfill on the order of 4 to 24 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of loose to medium dense clayey sand and 


medium stiff sandy clay and medium dense to dense silty sand. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.7.3. Immediate settlement is estimated to be about 0.3 to 1.5 inches 


as shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.7.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 24 feet at Station 


240+50. The parameters used in the slope stability analyses are presented in Table 8.2.7.3. A summary of 


the stability results is presented in Table 8.2.7.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.7.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


240+50 2.15 1.69 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.7.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.7.5.  
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Table 8.2.7.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-114 0-5.0 873.2-868.2 7.7 1,600 30 75 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.7.4 Shallow Foundations 


8.2.7.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1.5 and ¾ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.7.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 330 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.34 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.7.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.7.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 
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Table 8.2.7.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.7.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


 


8.2.8 Retaining Wall and Soundwall 247 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1SW retaining wall with soundwall supported on shallow foundations designed in 


accordance with Caltrans XS14-210e (2005) sheet is feasible from a geotechnical standpoint. Segment of 


the wall between Stations 252+50 and 253+25 should be supported on deep foundations to avoid 


surcharging the existing Riverside Canal. 


8.2.8.1 Project Description and Site Location 


The project site is located between Brockton Avenue Undercrossing (Bridge No. 56-0385) and Arlington 


Avenue Undercrossing (Bridge No. 56-0330) along an elevated segment of westbound SR-91, where the 


existing freeway surface was constructed on embankments up to 13 feet above the surrounding street 


grade. The retaining wall/soundwall alignment is planned from Station 245+85 to Station 253+95 along 


the toe of embankment at the downslope side of the realigned westbound on-ramp from Arlington 


Avenue. The freeway surface elevation ranges from approximately 867.1 feet and 869.0 feet, respectively, 


at the eastern and western end of the retaining wall. The project alignment relative to general topography, 


streets, and landmark is shown on Figures 2c and 2d, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, an eight feet high soundwall constructed of masonry blocks will 


be mounted on a retaining wall. The retaining wall particulars are summarized in Table 8.2.8.1 below.  
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Table 8.2.8.1 - Summary of Proposed Retaining Wall RW & SW 247 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW & SW 


247 


Station 245+85 LT 88 to Station 


253+95 LT 134 
810 6 - 13 Level 852.0-859.0 


R-07-116                                 


R-07-119                                            


R-07-120 


 


8.2.8.2 Field Exploration 


The field exploration program consisted of drilling three (3) exploratory borings (R-07-116, R-07-119, 


and R-07-120) from the on-ramp grade. Approximate locations of borings are shown in Figures 2c and 


2d. Details are provided in the following table. 


Table 8.2.8.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-116 46.5 Realigned SR-91 246+00 65 868.3 


R-07-119 61.5 Realigned SR-91 251+55 95 862.3 


R-07-120 52.5 Realigned SR-91 253.20 100 862.0 


 


8.2.8.3 Geotechnical Analysis and Design 


8.2.8.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 4 feet to 9 feet of artificial fill consisting of 


stiff to very stiff sandy clay. Underlying the fill to maximum depths explored is Holocene and Pleistocene 


age, unconsolidated alluvial deposits. The alluvium consists primarily of medium stiff to hard sandy clay, 


medium dense to very dense clayey sand, and dense silty sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.8.3. 
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Table 8.2.8.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


868.3-


858.3 
0-10 


Artificial 


Fill 


Stiff to very stiff 


sandy CLAY (CL) 
16 


5.4-14.3 


(11.0) 
120 


50-150 


(100) 
34 


600-


1,400 


(1,000) 


858.3-


830.0 
10-38 


Alluvium 1 


Qal1 


Medium stiff to hard 


sandy CLAY (CL), 


interbedded 


medium dense to 


dense clayey 


SAND (SC) 


5-29 


(18) 


8-20.4 


(12.8) 
120 430 33 


300-


1,000 


(650) 


830.0-


800.8 
38-68 


Alluvium 2 


Qal2 


Hard sandy CLAY 


(CL), dense to very 


dense clayey 


SAND (SC), dense 


silty SAND 


(SM/SW) 


30-


100 


(64) 


5.4-17.2 


(10.8) 
120 


50-150 


(100) 


34-36 


(35) 


600-


1,400 


(1,000) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.8.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 
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8.2.8.3.3 Embankments 


Backfill on the order of 6 to 13 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium stiff to hard sandy clay and medium 


dense to very dense clayey sand. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.8.3. Immediate settlement is estimated to be about 1 inch as shown 


in calculations presented in Appendix C. Because settlement is anticipated to be immediate settlement, no 


waiting period is deemed necessary 


8.2.8.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 13 feet at Station 


253+95. The parameters used in the slope stability analyses are presented in Table 8.2.8.3. A summary of 


the stability results is presented in Table 8.2.8.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.8.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


253+95 3.44 2.70 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.8.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.8.5.  
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Table 8.2.8.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-116 0-5.0 868.3-863.3 7.0 1,000 138 75 


R-07-119 0-5.0 862.3-857.3 8.2 2,100 240 120 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.8.4 Shallow Foundations 


8.2.8.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.8.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 410 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.40 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 
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8.2.8.5 Deep Foundations 


Segment of the wall between Stations 252+50 and 253+25 should be supported on deep foundations to 


avoid surcharging the existing Riverside Canal. The invert elevation of the reinforced concrete box (RCB) 


is 854.6 ft at the location where it crosses below the wall. 


8.2.8.5.1 Axial Geotechnical Capacity 


Axial capacities of the proposed piles were evaluated considering frictional resistance only.  The Pile 


Data Table below presents our recommendations for the proposed pile foundations. 


Table 8.2.8.6 - Pile Data Table for Proposed Piles 


Nominal  Resistance 
(kips) 


Location Pile Type 
Design 
Loading 
(kips) 


Comp. Tension  


Bottom of 
Footing 
Elevation 
(ft MSL) 


Design Tip 
Elevation 
(ft MSL) 


Specified 
Tip 


Elevation  
(ft MSL) 


252+50 to 


253+25 


Caltrans 


Standard 


Class 90  Alt 


‘Y’ Concrete 


Piles 


90 180 90 858.5 


829.5 (1)        


833.0 (2) 


833.5 (3)        


829.5 (4) 


Design tip elevation is controlled by the demands: 


(1) Compression; (2) Tension; (3) Lateral Loads; (4) The specified tip elevation shall not be raised 


Notes: 


a. Predrilling to obtain the specified penetration in conformance with the provisions in Section 49.1.05, “Driving 
Equipment” of the Standard Specifications shall not be allowed without approval of the Geotechnical Engineer.  


b. Minimum Pile Length for Lateral Loads determined by 1.5 times the critical length for which a further increase in 
pile length does not reduce deflection substantially. 


 


8.2.8.5.2 Lateral Geotechnical Capacity 


The acceptable horizontal deflection, rather than the lateral geotechnical strength or structural capacity of 


the pile section, often controls the allowable lateral capacity of piles. Lateral load evaluations were 


performed for free-head conditions for the Caltrans standard Class 90 Alternative ‘Y” concrete piles. A 


factor of safety has not been applied to the estimated loads or deflections.  


The lateral capacity calculations have included group effect by assuming a minimum of 5 pile-diameter 


spacing. An average p-multiplier of 0.85 was used in calculating lateral capacity for each pile. A p-


multiplier of 0.95 was used in calculating moment for piles, as the higher moment substantiated by the 


leading row would govern the moment design 


The following table presents estimated lateral pile capacities using a range of deflections for the 


controlling load case.  
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Table 8.2.8.7 - Lateral Capacity for Proposed Piles 


Lateral Deflection of Pile Cap 
(inch) 


Lateral Load per Pile (kips)  
free-head 


0.25 11.9 


0.5 16.6 


1.0 23.0 


 


A summary of the estimated lateral pile capacities and deflections along with our assumptions, pile 


properties, soil properties, and sample output files with deflection, bending moment, shear, and soil 


resistance with depth is presented in Appendix C. 


8.2.8.5.3 Pile Spacing 
The recommended geotechnical capacities have assumed a pile spacing of at least 5 times pile diameter. 


These capacities should be re-evaluated if the actual pile spacing is less. 


8.2.8.5.4 Battered Pile 
As the project site is not underlain by potentially liquefiable soils, battered piles can be used at a gradient 


of 1:3 (H:V) for the purpose of resisting lateral loads. 


8.2.8.6 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.8.8 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. An additional seismic lateral earth pressure in the form of an inverted 


triangle as presented in Table 8.2.8.8 should be added to the design static active earth pressure for seismic 


design. 


Table 8.2.8.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Active 34 
Level 


Seismic 7 


 


The recommended value presented in Table 8.2.8.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 
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8.2.9 Retaining Wall 253 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.9.1 Project Description and Site Location 


The project site is located immediately west of the westbound SR-91 Arlington Avenue on-ramp. The 


retaining wall alignment is planned from Station 254+00 to Station 256+00 on the down slope side of the 


westbound on-ramp. The on-ramp surface elevation ranges from approximately 853 feet and 860 feet at 


the eastern and western end of the retaining wall, respectively. The project alignment relative to general 


topography, streets, and landmark is shown on Figure 2d, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.9.1 


below.  


Table 8.2.9.1 - Summary of Proposed Retaining Wall RW 253 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 253 
Station 253+95 LT 100 to Station 


256+00 LT 200 
205 4 - 14 Level 852.0-854.0 R-07-122                


 


8.2.9.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory boring (R-07-122) from the on-


ramp grade. Approximate location of boring is shown in Figure 2d. Details are provided in the following 


table. 


Table 8.2.9.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-122 51.0 Realigned SR-91 256+10 140 856.0 
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8.2.9.3 Geotechnical Analysis and Design 


8.2.9.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium dense to dense silty sand and clayey sand 


with occasional seems of sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.9.3. 


Table 8.2.9.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


856-805 0-51 Alluvium 


Medium dense to 


dense silty SAND 


(SP/SW-SM/SP-


SM), clayey SAND 


(SC) with 


interbedded sandy 


CLAY (CL) 


16-44 


(26) 


15.2-16.2 


(15.7) 
120 


50-150 


(100) 


33-35 


(34) 


800-960 


(900) 


Notes: 


a. Profile developed from State Route 91 WB Arlington Avenue on-ramp level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.9.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 
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8.2.9.3.3 Embankments 


Backfill on the order of 4 to 11 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to dense clayey sands and 


well graded to poorly graded sands. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.9.3. Immediate settlement is estimated to be less than 1 inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary. 


8.2.9.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 14 feet at Station 


256+10. The parameters used in the slope stability analyses are presented in Table 8.2.9.3. A summary of 


the stability results is presented in Table 8.2.9.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.9.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


256+10 2.51 2.08 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.9.3.5 Corrosion 


Corrosivity testing was completed for adjacent boring R-07-123 as part of this investigation to assess the 


corrosion potential of the soils. The results of the corrosion testing are presented in table 8.2.9.5.  
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Table 8.2.9.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-123 0-5.0 854.7-849.7 8.9 1,500 ND 75 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


 


8.2.9.4 Shallow Foundations 


8.2.9.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.9.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 420 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 
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8.2.9.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.9.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.9.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.9.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.10 Retaining Wall 254 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.10.1 Project Description and Site Location 


The project site is located immediately east of SR-91 eastbound Arlington Avenue off ramp. The 


retaining wall alignment is planned from Station 253+90 to Station 260+10 on the down slope side of the 


proposed eastbound SR-91 Arlington Avenue on-ramp. The freeway surface elevation ranges from 


approximately 868 feet and 860 feet, respectively, at the western and eastern end of the retaining wall The 


project alignment relative to general topography, streets, and landmark is shown on Figure 2d, Wall 


Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.10.1 


below.  
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Table 8.2.10.1 - Summary of Proposed Retaining Wall RW 254 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 254 
Station 256+30 RT 150 to Station 


260+10 RT 180 
380 4 - 22 Level 852.5-854.5 


 R-07-121                           


R-07-124 


 


8.2.10.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-121 and R-07-124) 


from the surrounding street grade. Approximate locations of borings are shown in Figure 2d. Details are 


provided in the following table. 


Table 8.2.10.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-121 30.8 Realigned SR-91 254+10 150 865.3 


R-07-124 51.5 Realigned SR-91 259+90 105 856.4 


 


8.2.10.3 Geotechnical Analysis and Design 


8.2.10.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium dense clayey sand with medium dense to 


dense silty sand. The profile becomes more granular towards the eastern end of the wall. 


Engineering parameters for the generalized profile are presented in Table 8.2.10.3. 
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Table 8.2.10.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


865-859.5 0-9 
Alluvium 1 


(Qal1) 


Medium stiff to stiff 


sandy CLAY (CL) 


5-17  


(10) 


9.5 -21.4 


(14) 
120 


200–250  


(220) 
31 


400–


1,000 


(700) 


Alluvium 2  


(Qal2) 


Medium dense to  


dense clayey 


SAND (SC) 


10-18 


(15) 


5.6-21.3 


(14) 
120 


250-300 


(265) 
34 


600-


1,000 


(825) 859.5-


839.5 
9-29 


Alluvium 3 


(Qal3) 


Stiff to very stiff 


Sandy CLAY(CL) 


12-26 


(20) 


7.3-18.5 


(12) 
120 450 31 


800-


1,500 


(1,200) 


839.5-


837.5 
29-31 


Alluvium 4 


(Qal4) 


Very Dense Silty 


SAND/Clayey 


SAND (SM/SC) 


14-26 


(28) 


4.0-10.2 


(8) 
120 0 39 


1,400-


2,000 


(1,500) 


Notes: 


a. Profile developed from State Route 91 EB Arlington Avenue off-ramp level at station 256+10. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.10.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 
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8.2.10.3.3 Embankments 


Backfill on the order of 4 to 19 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium stiff to stiff sandy lean clays 


overlying dense clayey sands. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.10.3. Immediate settlement is estimated to be about 1 inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.10.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 22 feet at Station 


254+10. The parameters used in the slope stability analyses are presented in Table 8.2.10.3. A summary 


of the stability results is presented in Table 8.2.10.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.10.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


254+10 2.18 1.80 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.10.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.10.5.  
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Table 8.2.10.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-124 0-5.0 856.4-851.4 8.2 2,700 240 285 


Notes: 


e. ppm = parts per million 


f. ohm-cm = ohm-centimeter 


g. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.10.4 Shallow Foundations 


8.2.10.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.10.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 375 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.38 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.10.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.10.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 
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Table 8.2.10.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.10.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.11 Retaining Wall 255 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.11.1 Project Description and Site Location 


The project site is located immediately south of Arlington Avenue Undercrossing (Bridge No. 56-0330) 


along an elevated segment of SR-91, where the existing freeway surface was constructed on 


embankments up to 25 feet above the surrounding street grade. The retaining wall alignment is planned 


from Station 254+00 to Station 258+10 along the westbound mainline above the on-ramp from Arlington 


Avenue. The freeway surface elevation ranges from approximately 854 feet and 860 feet, respectively, at 


the eastern and western end of the retaining wall. The project alignment relative to general topography, 


streets, and landmark is shown on Figure 2d, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.11.1 


below.  


Table 8.2.11.1 - Summary of Proposed Retaining Wall RW 255 


 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 255 
Station 254+50 LT 75 to Station 


258+10 LT 100 
360 4 - 18 Level 860.0-863.0 R-07-123 
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8.2.11.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory boring (R-07-123) from the on-


ramp grade. Approximate location of boring is shown in Figure 2d. Details are provided in the following 


table. 


Table 8.2.11.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-123 51.5 Realigned SR-91 257+70 120 854.7 


 


8.2.11.3 Geotechnical Analysis and Design 


8.2.11.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of stiff sandy clay, medium dense silty sand and clayey 


sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.11.3. 
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Table 8.2.11.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


854.7-


841.2 
0-14 


Alluvium 1 


Qal1 


Stiff Sandy CLAY 


(CL) and SILT (ML) 


10-12 


(11) 


5.3-13.0     


(9) 
125 


180-240 


(225) 
32 


400-


1,000 


(700) 


841.2-


816.2 
14-39 


Alluvium 2 


Qal2 


Medium dense to 


dense SILTY 


SAND (SM), dense 


clayey SAND (SC) 


18-33 


(28) 


13.0-16.8 


(14.9 ) 
120 


360-550 


(450) 


35-39 


(37) 


600-


1,300 


(850) 


816.2- 


803.2 
39-51 


Alluvium 3 


Qal3 


Very Stiff to hard 


sandy CLAY (CL) 


24-54 


(35) 


13.0-13.5 


(13.2) 
120 


300-700 


(500) 


34-41 


(38) 


800-


1,500 


(1,200) 


Notes: 


a. Profile developed from State Route 91 WB Arlington Ave on-ramp level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.11.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.11.3.3 Embankments 


Backfill on the order of 4 to 18 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of stiff sandy clay and silt, medium dense to 


dense silty sand, and clayey sand. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.11.3. Immediate settlement is estimated to be less than 1 inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.11.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 18 feet at Station 


257+70. The parameters used in the slope stability analyses are presented in Table 8.2.11.3. A summary 


of the stability results is presented in Table 8.2.11.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.11.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


257+70 2.56 2.00 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.11.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.11.5.  


Table 8.2.11.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-123 0-5.0 854.7-849.7 8.9 1,500 ND 75 


Notes: 


h. ppm = parts per million 


i. ohm-cm = ohm-centimeter 


j. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


k. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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8.2.11.4 Shallow Foundations 


8.2.11.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.11.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 410 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.40 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.11.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.11.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.11.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.11.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 







SECTIONEIGHT Conclusions and Recommendations 


  8-58 


8.2.12 Retaining Wall 261 


The foundations of the proposed retaining wall are anticipated to be founded on existing artificial fill. The 


fill is considered an adequate bearing material for supporting the retaining wall foundations. Total and 


differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, if space 


permitted, the use of mechanically stabilized earth (MSE) wall designed in accordance to the 


methodologies outlined in Section 5.9.2 and 5.9.3 of the Caltrans Bridge Design Specifications (2004) 


with details as shown in Section 3-8 of Caltrans Bridge Design Aids (2002) and Caltrans XS-13-010-1 


through 8 (1998) is feasible from a geotechnical standpoint. 


8.2.12.1 Project Description and Site Location 


The project site is located immediately east of Arlington Avenue Undercrossing (Bridge No. 56-0330) 


along an elevated segment of SR-91, where the existing freeway surface was constructed on 


embankments up to 25 feet above the surrounding street grade. The retaining wall alignment is planned 


from Station 260+20 to Station 267+60 along the north and downslope side of westbound State Route 91 


(SR-91). The freeway surface elevation ranges from approximately 868.0 feet and 878.5 feet, 


respectively, at the eastern and western end of the retaining wall. The project alignment relative to general 


topography, streets, and landmark is shown on Figure 2d, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.12.1 


below.  


Table 8.2.12.1 - Summary of Proposed Retaining Wall RW 261 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 261 
Station 260+20 LT 76 to Station 


267+80 LT 76 
760 4 - 16 Level 854.0-863.0 


R-07-125                               


R-07-127 


 


8.2.12.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-125, R-07-127). R-


07-125 was drilled from freeway grade and R-07-127 was drilled from Arlington Avenue off-ramp grade. 


Approximate locations of borings are shown in Figure 2d. Details are provided in the following table. 
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Table 8.2.12.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-125 72.5 Realigned SR-91 261+20 55 878.3 


R-07-127 31.5 Realigned SR-91 266+00 105 856.0 


 


8.2.12.3 Geotechnical Analysis and Design 


8.2.12.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 4 to 26 feet of artificial fill consisting of a 


mixture of stiff to very stiff sandy clay and medium dense clayey sand. Underlying the fill to maximum 


depths explored is Holocene and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists 


primarily of very stiff to hard sandy clay, medium dense to very dense clayey sand and dense silty sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.12.3. 
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Table 8.2.12.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


878.3-


849.7 
0-28 


Artificial 


Fill  


Stiff to very stiff 


sandy CLAY (CL), 


medium dense 


clayey SAND (SC) 


10-23                


(16) 


9.7-13.6 


(12.5) 
120 


240-360 


(300) 


30-34 


(32) 


600-


1,200 


(900) 


Alluvium 1 


Qal1 


Medium dense to 


very dense clayey 


SAND (SC/SP-


SC/SC-SM), dense 


silty SAND (SM) 


16-


100    


(35) 


13.5-18.6 


(15.4) 
125 


50-150 


(100) 


32-36 


(34) 


800-


1,400 


(1,100) 849.7-


805.7 
28-72 


Alluvium 2 


Qal2 


Very stiff to hard 


sandy CALY (CL),  


42-


100    


(73) 


8.9-18.3 


(12.4) 
125 420 32 


1,000-


1,500 


(1,250) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.12.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


 


 







SECTIONEIGHT Conclusions and Recommendations 


  8-61 


8.2.12.3.3 Embankments 


Backfill on the order of 4 to 16 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of stiff to very stiff sandy clay and medium 


dense clayey sand. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.12.3. Immediate settlement is estimated to be less than 1 inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.12.3.4 Slope Stability 


8.2.12.3.4.1 Internal Stability 


An internal friction angle of 34
o
 and a unit weight of 120 lb/ft


3
 can be assumed for the backfill materials 


in evaluating the potential slip surfaces within the reinforced soil mass. The MSE wall should be designed 


in accordance to the methodologies outlined in Section 5.9.2 and 5.9.3 of the Caltrans Bridge Design 


Specifications or equivalent. 


8.2.12.3.4.2 External Stability 


The slope stability analyses were completed for the proposed maximum wall height of 16 feet on a 2:1 


(H:V) slope at Station 262+50. The parameters used in the slope stability analyses are presented in Table 


8.2.12.3. A summary of the stability results is presented in Table 8.2.12.4. Appendix C provides computer 


output and graphical results of the slope stability analyses. Results of the analyses indicate that the factors 


of safety meet the accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.12.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


262+50 2.12 1.72 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.12.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.12.5.  
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Table 8.2.12.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-125 0-5.0 878.3-873.3 7.4 3,000 72 45 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.12.4 Shallow Foundations 


8.2.12.4.1 Bearing Capacity 


Bases of the MSE walls should be founded at least 2 feet or 10 % of the design wall height, whichever is 


larger, below the lowest adjacent grade with a minimum setback of 2.5 feet or 10 % of the design wall height, 


whichever is larger from top of any slopes (measured from outside edge of face panel). To ensure a uniform 


contact between the base and subgrade soil, the upper 1 foot of subgrade soil below the base of the MSE wall 


should be removed and recompacted to 95% relative compaction before the construction of the retaining wall. 


The following Preliminary Shallow Foundation Data Table presents our preliminary recommendations for 


the retaining wall foundations. The given allowable and ultimate bearing capacities are net values, and 


these values may be increased by one-third for momentary wind or seismic loads. Edge pressure due to 


any eccentric load should not exceed the bearing values given for permanent and temporary loads. 
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Table 8.2.12.6 - Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum Base 
Width (ft) 


Bottom of 
Base Elevation      


(ft MSL) Gross Allowable Soil 
Bearing Pressure (qall) 


Ultimate Soil Bearing 
Pressure (qu) 


8 2.9 8.7 


12 3.4 10.2 RW 261 


14 


 


854.0-863.0 


 3.7 11.1 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 


 


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.12.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 390 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.40 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.12.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.12.7 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.12.7 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.12.7 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 
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behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.13 Retaining Wall 262 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. Segment of the wall between 


Stations 264+70 and 264+90 should be supported on deep foundations to avoid surcharging the existing 3 


feet diameter culvert. 


8.2.13.1 Project Description and Site Location 


The project site is located immediately east of Arlington Avenue Undercrossing (Brdige No. 56-0330) 


along an elevated segment of SR-91, where the existing freeway surface was constructed on 


embankments up to 19 feet above the surrounding street grade. The retaining wall alignment is planned 


from Station 262+50 to Station 264+40 along toe of the embankment slope on southeast side of SR-91 


and northwest side of Arlington Avenue on-ramp to SR-91 eastbound. The freeway surface elevation 


ranges from approximately 873.5 feet and 877.5 feet and the Arlington Avenue on-ramp surface elevation 


ranges from 861.1 feet and 858.8 feet, respectively, at the eastern and western end of the retaining wall. 


The project alignment relative to general topography, streets, and landmark is shown on Figure 2d, Wall 


Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.13.1 


below.  


Table 8.2.13.1 - Summary of Proposed Retaining Wall RW 262 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 262 
Station 262+50 RT 108 to Station 


266+25 RT 108 
375 4 - 18 Level 855.5-857.5 R-07-126 
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8.2.13.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory boring (R-07-126) from the 


Arlington Avenue on-ramp grade. Approximate location of boring is shown in Figure 2d. Details are 


provided in the following table. 


Table 8.2.13.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-126 51.5 Realigned SR-91 263+70 103 860.0 


 


8.2.13.3 Geotechnical Analysis and Design 


8.2.13.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is consisting of Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium stiff to hard sandy clay, medium dense to 


dense poorly graded sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.13.3. 


 


 


 


 


 


 


 


 


 


 


 


 







SECTIONEIGHT Conclusions and Recommendations 


  8-66 


Table 8.2.13.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


860-832 0-28 
Alluvium 1 


Qal1 


Medium stiff to very 


stiff sandy lean 


CLAY (CL) 


7-27 


(15) 


3.3-17.1 


(10.9) 
125 360h  29h  


800-


1,200 


(1,000) 


832-821.5 28-39 
Alluvium 2 


Qal2 


Medium dense to 


dense poorly 


graded SAND with 


clay (SP-SC) 


25-36 


(31) 
11 120 0 36 


600-


1,700 


(1,150) 


821.5-


808.5 
39-52 


Alluvium 3 


Qal3 


Hard sandy CLAY 


(CL) and dense 


poorly graded 


SAND (SP) 


32-49 


(38) 


12.5-19.7 


(16.1) 
120 


150-550 


(350) 
33 


1,000-


2,000 


(1,500) 


Notes: 


a. Profile developed from Arlington Avenue on-ramp to SR-91 eastbound level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


i. Cohesion and effective friction angle were based on a direct shear test result from boring R-07-141. 


 


8.2.13.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 
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8.2.13.3.3 Embankments 


Backfill on the order of 4 to 18 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium stiff to hard sandy clay and medium 


dense to dense poorly graded sand. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.13.3. Immediate settlement is estimated to be about 0.2 to 1.3 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.13.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 18 feet at Station 


263+00. The parameters used in the slope stability analyses are presented in Table 8.2.13.3. A summary 


of the stability results is presented in Table 8.2.13.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.13.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


263+00 2.78 2.12 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.13.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.13.5.  
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Table 8.2.13.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07126 0-5.0 860.0-855.0 12.2 2,400 126 90 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.13.4 Shallow Foundations 


8.2.13.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1.5 and ¾ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.13.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 360 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.35 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.13.5 Deep Foundations 


Segment of the wall between Stations 264+70 and 264+90 should be supported on deep foundations to 


avoid surcharging the existing 3 feet diameter culvert. The invert elevation of the reinforced concrete pipe 


(RCP) is 852.5 ft at the location where it crosses below the wall. 
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8.2.13.5.1 Axial Geotechnical Capacity 


Axial capacities of the proposed piles were evaluated considering frictional resistance only.  The Pile 


Data Table below presents our recommendations for the proposed pile foundations. 


Table 8.2.13.6 - Pile Data Table for Proposed Piles 


Nominal  Resistance 
(kips) 


Location Pile Type 
Design 
Loading 
(kips) 


Comp. Tension  


Bottom of 
Footing 
Elevation 
(ft MSL) 


Design Tip 
Elevation 
(ft MSL) 


Specified 
Tip 


Elevation  
(ft MSL) 


264+70 and 


264+90 


Caltrans 


Standard 


Class 90  Alt 


‘Y’ Concrete 


Piles 


90 180 90 855.5 


827.0 (1)        


832.5 (2) 


831.0 (3)        


827.0 (4) 


Design tip elevation is controlled by the demands: 


(1) Compression; (2) Tension; (3) Lateral Loads; (4) The specified tip elevation shall not be raised 


Notes: 
a. Predrilling to obtain the specified penetration in conformance with the provisions in Section 49.1.05, “Driving 


Equipment” of the Standard Specifications shall not be allowed without approval of the Geotechnical Engineer.  


b. Minimum Pile Length for Lateral Loads determined by 1.5 times the critical length for which a further increase 


in pile length does not reduce deflection substantially. 


 


8.2.13.5.2 Lateral Geotechnical Capacity 


The acceptable horizontal deflection, rather than the lateral geotechnical strength or structural capacity of 


the pile section, often controls the allowable lateral capacity of piles. Lateral load evaluations were 


performed for free-head conditions for the Caltrans standard Class 90 Alternative ‘Y” concrete piles. A 


factor of safety has not been applied to the estimated loads or deflections.  


The lateral capacity calculations have included group effect by assuming a minimum of 3 pile-diameter 


spacing. An average p-multiplier of 0.55 was used in calculating lateral capacity for each pile. A p-


multiplier of 0.75 was used in calculating moment for piles, as the higher moment substantiated by the 


leading row would govern the moment design. 


The following table presents estimated lateral pile capacities using a range of deflections for the 


controlling load case.  


Table 8.2.13.7 - Lateral Capacity for Proposed Piles 


Lateral Deflection of Pile Cap 
(inch) 


Lateral Load per Pile (kips)  
free-head 


0.25 10.1 


0.5 14.3 


1.0 20.1 
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A summary of the estimated lateral pile capacities and deflections along with our assumptions, pile 


properties, soil properties, and sample output files with deflection, bending moment, shear, and soil 


resistance with depth is presented in Appendix C. 


8.2.13.5.3 Pile Spacing 
The recommended geotechnical capacities have assumed a pile spacing of at least 5 times pile diameter. 


These capacities should be re-evaluated if the actual pile spacing is less. 


8.2.13.5.4 Battered Pile 
As the project site is not underlain by potentially liquefiable soils, battered piles can be used at a gradient 


of 1:3 (H:V) for the purpose of resisting lateral loads. 


8.2.13.6 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.13.8 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.13.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.13.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.14 Retaining Wall 266 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.14.1 Project Description and Site Location 


The project site is located immediately east of Arlington Avenue Undercrossing (Bridge No. 56-0330) 


along a segment of SR-91, where the existing freeway surface was constructed on the existing surface 
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corresponding to the surrounding street grade. The retaining wall alignment is planned from Station 


264+60 to Station 281+00 east of the Arlington avenue on-ramp to the eastbound freeway. The freeway 


surface elevation ranges from approximately 870 feet and 850 feet, respectively, at the northern and 


southern end of the retaining wall. The project alignment relative to general topography, streets, and 


landmark is shown on Figures 2d and 2e, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.14.1 


below.  


Table 8.2.14.1 - Summary of Proposed Retaining Wall RW 266 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 266 
Station 264+60 RT 135 to Station 


278+80 RT 110 
1,420 4 -24 Level 847.0-856.0 


R-07-128                                 


A-07-130                             


R-07-132                      


R-07-134 


 


8.2.14.2 Field Exploration 


The field exploration program consisted of drilling four (4) exploratory borings (R-07-128, A-07-130, R-


07-132 and R-07-134) from the on-ramp grade. Approximate locations of borings are shown in Figures 


2d and 2e. Details are provided in the following table. 


Table 8.2.14.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-128 51.5 Realigned SR-91 267+40 120 863.9 


A-07-130 70.8 Realigned SR 272+00 70 858.9 


R-07-132 71.5 Realigned SR 277+10 64 854.4 


R-07-134 51.5 Realigned SR-91 280+00 65 857.5 


 


8.2.14.3 Geotechnical Analysis and Design 


8.2.14.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 0 feet to 5 feet of artificial fill consisting of 


a mixture of loose to medium dense silty sand and clayey sand, and soft to stiff sandy clay. Underlying 


the deposits to maximum depths explored is Holocene and Pleistocene age, unconsolidated alluvial 







SECTIONEIGHT Conclusions and Recommendations 


  8-72 


deposits. The alluvium consists primarily of firm to very stiff sandy clay with occasional medium dense 


clayey sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.14.3. 


Table 8.2.14.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


851-826 3-25 
Alluvium 1  


Qal1 


Stiff to very stiff 


sandy CLAY (CL) 


13-


109 


(80) 


- 125 360h  29h  


800-


1,200 


(1,000) 


Alluvium 2  


Qal2 


Medium dense to 


very dense clayey 


SAND (SC) 


40-


100 


(60) 


5-15.6      


( 11.0) 
120 0 40 


600-


1,700 


(1,150) 
826-754.5 25-72 


Alluvium 3 


Qal3 


Dense to very 


dense poorly 


graded sand (SP) 


33-60 


(48) 


14.3-21 


(18) 
120 0 38 


1,000-


2,000 


(1,500) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


i. Cohesion and effective friction angle were based on a direct shear test result from boring R-07-141. 


 


8.2.14.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 
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8.2.14.3.3 Embankments 


Backfill on the order of 4 to 24 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of stiff to hard sandy lean clays overlying 


dense clayey sands. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.14.3. Immediate settlement is estimated to be about 0.3 to 1.8 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.14.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 24 feet at Station 


278+00. The parameters used in the slope stability analyses are presented in Table 8.2.14.3. A summary 


of the stability results is presented in Table 8.2.14.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.14.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


278+00 2.32 1.90 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.14.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.14.5.  
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Table 8.2.14.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-132 5.0 849.4 9.2 640 240 165 


R-07-134 20.0 834.4 9.2 1,200 ND 105 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.14.4 Shallow Foundations 


8.2.14.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 2 and 1 inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.14.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 360 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.35 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 
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8.2.14.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.14.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.14.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.14.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.15 Retaining Wall 267 


The foundations of the proposed retaining wall are anticipated to be founded on existing artificial fill. The 


fill is considered an adequate bearing material for supporting the retaining wall foundations. Total and 


differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.15.1 Project Description and Site Location 


The project site is located east of Arlington Avenue Undercrossing (Bridge No. 56-0330) along an 


elevated segment of westbound SR-91, where the existing freeway surface was constructed on 


embankments up to 16 feet above the surrounding street grade. The retaining wall alignment is planned 


from Station 267+00 to Station 280+00 along the toes of the embankments of the realigned westbound 


off-ramp and auxiliary lane to Arlington Avenue/Riverside Avenue. The freeway surface elevation ranges 


from approximately 853.5 feet and 864 feet, respectively, at the eastern and western end of the retaining 


wall. The project alignment relative to general topography, streets, and landmark is shown on Figures 2d 


and 2e, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.15.1 


below.  
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Table 8.2.15.1 - Summary of Proposed Retaining Wall RW 267 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 267 
Station 267+00 LT 124 to Station 


280+00 LT 90 
1,300 4 - 10 Level 843.0-852.0 


R-07-129                                


R-07-131                             


R-07-133 


 


8.2.15.2 Field Exploration 


The field exploration program consisted of drilling three (3) exploratory borings (R-07-129, R-07-131, 


and R-07-133) from the off-ramp grade. Approximate locations of borings are shown in Figures 2d and 


2e. Details are provided in the following table. 


 


Table 8.2.15.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-129 72.0 Realigned SR-91 269+00 80 858.4 


R-07-131 71.0 Realigned SR-91 274+50 64 852.1 


R-07-133 72.5 Realigned SR-91 280+00 66 854.1 


 


8.2.15.3 Geotechnical Analysis and Design 


8.2.15.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 4 feet to 12 feet of artificial fill consisting of 


medium stiff to hard sandy clay and sandy silt. Underlying the fills to maximum depths explored is 


Holocene and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists primarily of 


medium dense to very dense clayey sand and silty sand with interbedded very stiff to hard sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.15.3. 
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Table 8.2.15.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


866.3-


842.8 
0-24 


Artificial 


Fill  


Medium stiff to hard 


sandy CLAY (CL), 


sandy SILT (ML) 


4-31 


(15) 


5.2-13.5 


(10.0) 
120 100 34 


350-1150 


(750) 


842.8-


781.1 
24-85 Alluvium 


Medium dense to 


very dense clayey 


SAND (SC/SC-SM) 


and silty SAND 


(SM/SP-SM) with 


interbedded very 


stiff to hard sandy 


CLAY (CL) 


12-


100 


(38) 


4.9-19.8 


(11.6) 
120 380 33 


800-1400 


(1100) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.15.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.15.3.3 Embankments 


Backfill on the order of 4 to 10 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to very dense clayey sand 


and silty sand and medium stiff to hard sandy clay. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.15.3. Immediate settlement is estimated to be less than ½ inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.15.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 10 feet at Station 


280+00. The parameters used in the slope stability analyses are presented in Table 8.2.15.3. A summary 


of the stability results is presented in Table 8.2.15.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.15.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


280+00 2.37 1.95 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.15.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.15.5.  


Table 8.2.15.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-129 0-5.0 858.4-853.4 8.3 4,300 240 240 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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8.2.15.4 Shallow Foundations 


8.2.15.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than ½ and ¼ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.15.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 420 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.15.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.15.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.15.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.15.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 
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8.2.16 Retaining Wall 280 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.16.1 Project Description and Site Location 


The project site is located west of Central Avenue Undercrossing (Bridge No. 56-0356) along the 


eastbound SR-91 auxiliary lanes and off-ramp to Central Avenue. The retaining wall alignment is planned 


from Station 278+80 to Station 286+77. The existing freeway surface elevation ranges from 


approximately 870 feet to 852.6 feet which corresponds to approximately 10 feet above the surrouding 


grade to 12 feet below the surrounding grade, respectively, at the eastern and western end of the retaining 


wall. The project alignment relative to general topography, streets, and landmark is shown on Figure 2e, 


Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.16.1 


below.  


Table 8.2.16.1 - Summary of Proposed Retaining Wall RW 280 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 280 
Station 278+80 RT 104 to Station 


286+77 RT 152 
797 4 - 10 3:1 to Level 844.0-856.0 


R-07-134                            


R-07-136 


 


8.2.16.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-134 and R-07-136) 


from the freeway and off-ramp grade. Approximate locations of borings are shown in Figure 2e. Details 


are provided in the following table. 


Table 8.2.16.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-134 51.5 Realigned SR-91 280+00 65 857.5 


R-07-136 45 Realigned SR-91 284+20 150 862.4 
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8.2.16.3 Geotechnical Analysis and Design 


8.2.16.3.1 Geologic Profile and Engineering Parameters 


The subject site is mantled by Holocene and Pleistocene age, unconsolidated alluvial deposits to elevation 


806 feet at boring R-07-134 and elevation of 829.4 feet at boring R-07-136. The alluvium consists 


primarily of very stiff to hard sandy clay and dense clayey sand. Underlying the alluvial deposits at boring 


R-07-136 is intensely weathered igneous bedrock. 


Engineering parameters for the generalized profile are presented in Table 8.2.16.3. 


Table 8.2.16.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


Alluvium 1 


Qal1 


Dense clayey 


SAND (SC) 


24-82 


(59) 


8-11.1 


(9.6) 
120 370h 33h 


1,000-


1,800 


(1,400) 
862.4-


829.4 


 


0-33 


 
Alluvium 2 


Qal2 


Very stiff to hard 


sandy CLAY (CL) 


19-


100 


(32) 


8.4-16.2 


(13.0) 
120 


250-650 


(450) 


30-34 


(32) 


1,000-


2,000 


(1,500) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


i. Cohesion and effective friction angle were based on a direct shear test result from boring R-07-135. 


 


8.2.16.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 
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have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.16.3.3 Embankments 


Backfill on the order of 4 to 10 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of very stiff to hard sandy clay and dense 


clayey sand. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.16.3. Immediate settlement is estimated to be less than 1 inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.16.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 10 feet at Station 


281+00. The parameters used in the slope stability analyses are presented in Table 8.2.16.3. A summary 


of the stability results is presented in Table 8.2.16.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.16.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


281+00 4.98 3.30 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.16.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.16.5.  
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Table 8.2.16.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-134 20.5 837.0 9.2 1,200 ND 105 


R-07-136 0-5.0 862.4-857.4 7.2 1,400 147 105 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.16.4 Shallow Foundations 


8.2.16.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.16.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 410 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.40 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 
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8.2.16.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.16.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill and retained alluvium. 


Table 8.2.16.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


3:1 (H:V) Active 39 


 


The recommended value presented in Table 8.2.16.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for level backfill and retained alluvium and 0.33 for 


sloping backfill and retained alluvium for the retaining walls. Surcharges that are set back behind the wall 


a horizontal distance greater than the exposed wall height do not need to be added to the design pressures. 


8.2.17 Retaining Wall 281 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, if space 


permitted, the use of mechanically stabilized earth (MSE) wall designed in accordance to the 


methodologies outlined in Section 5.9.2 and 5.9.3 of the Caltrans Bridge Design Specifications (2004) 


with details as shown in Section 3-8 of Caltrans Bridge Design Aids (2002) and Caltrans XS-13-010-1 


through 8 (1998) is feasible from a geotechnical standpoint. 


8.2.17.1 Project Description and Site Location 


The project site is located immediately west of Central Avenue Overcrossing (Bridge No. 56-0356) along 


an elevated segment of westbound SR-91, where the existing freeway surface was constructed on 


embankments up to 30 feet above the surrounding street grade. The retaining wall alignment is planned 


from Station 280+00 to Station 288+25 along the toe of the embankment of the realigned westbound on-


ramp from Central Avenue. The freeway surface elevation ranges from approximately 875 feet and 853.5 


feet, respectively, at the eastern and western end of the retaining wall. The project alignment relative to 


general topography, streets, and landmark is shown on Figure 2e, Wall Layout and Exploratory Location 


Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.17.1 


below.  
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Table 8.2.17.1 - Summary of Proposed Retaining Wall RW 281 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 281 
Station 280+00 LT 90 to Station 


288+25 LT 155 
825 4 - 26 Level 835.0-848.0 


R-07-133                                  


R-07-135 


 


8.2.17.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-133 and R-07-135) 


from the freeway and on-ramp grade. Approximate locations of borings are shown in Figure 2e. Details 


are provided in the following table. 


Table 8.2.17.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-133 72.5 Realigned SR-91 280+00 66 854.1 


R-07-135 71.5 Realigned SR-91 285+20 76 866.3 


 


8.2.17.3 Geotechnical Analysis and Design 


8.2.17.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 12 feet to 24 feet of artificial fill consisting 


of a very stiff to hard sandy clay, sandy silt, and dense clayey sand. Underlying the fills to maximum 


depths explored is Holocene and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists 


primarily of very dense clayey sand, dense to very dense silty sand, and very stiff to hard sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.17.3. 
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Table 8.2.17.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


866.3-


842.8 
0-24 


Artificial 


Fill 


Very stiff to hard 


sandy CLAY (CL), 


sandy SILT (ML), 


dense clayey 


SAND (SC) 


18-39 


(27) 


4.7-13.7 


(8.3) 
120 


50-370 


(100) 


33-35 


(34) 


350-1150 


(750) 


842.8-


781.1 
24-85 Alluvium 


Very dense clayey 


SAND (SC), dense 


to very dense silty 


SAND (SM/SP-


SM), very stiff to 


hard sandy CLAY 


(CL) 


16-


100 


(45) 


5.3-16.4 


(12.3) 
120 380 33 


800-1400 


(1100) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.17.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 
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8.2.17.3.3 Embankments 


Backfill on the order of 4 to 26 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of dense to very dense clayey sand and silty 


sand and very stiff to hard sandy clay. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.17.3. Immediate settlement is estimated to be about 0.5 to 1.5 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.17.3.4 Slope Stability 


8.2.17.3.4.1 Internal Stability 


An internal friction angle of 34
o
 and a unit weight of 120 lb/ft


3
 can be assumed for the backfill materials 


in evaluating the potential slip surfaces within the reinforced soil mass. The MSE wall should be designed 


in accordance to the methodologies outlined in Section 5.9.2 and 5.9.3 of the Caltrans Bridge Design 


Specifications or equivalent. 


8.2.17.3.4.2 External Stability 


The slope stability analyses were completed for the proposed maximum wall height of 26 feet at Station 


284+50. The parameters used in the slope stability analyses are presented in Table 8.2.17.3. A summary 


of the stability results is presented in Table 8.2.17.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.17.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


284+50 2.16 1.82 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.17.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.17.5.  
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Table 8.2.17.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-135 0-5.0 866.3-861.3 7.4 2,100 3 105 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.17.4 Shallow Foundations 


8.2.17.4.1 Bearing Capacity 


Bases of the MSE walls should be founded at least 2 feet or 10 % of the design wall height, whichever is 


larger, below the lowest adjacent grade with a minimum setback of 2.5 feet or 10 % of the design wall height, 


whichever is larger from top of any slopes (measured from outside edge of face panel). To ensure a uniform 


contact between the base and subgrade soil, the upper 1 foot of subgrade soil below the base of the MSE wall 


should be removed and recompacted to 95% relative compaction before the construction of the retaining wall. 


The following Preliminary Shallow Foundation Data Table presents our preliminary recommendations for 


the retaining wall foundations. The given allowable and ultimate bearing capacities are net values, and 


these values may be increased by one-third for momentary wind or seismic loads. Edge pressure due to 


any eccentric load should not exceed the bearing values given for permanent and temporary loads. 
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Table 8.2.17.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum Base 
Width (ft) 


Bottom of 
Base Elevation      


(ft MSL) Gross Allowable Soil 
Bearing Pressure (qall) 


Ultimate Soil Bearing 
Pressure (qu) 


8 4.0 12.0 


10 4.5 13.5 


14 6.0 18.0 
RW 281 


18 


835.0-848.0 


7.0 21.0 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 


 


Total and differential settlements of less than 1.5 and ¾ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.17.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 410 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.40 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.17.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.17.7 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.17.7 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 
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The recommended value presented in Table 8.2.17.7 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.18 Retaining Wall 286 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.18.1 Project Description and Site Location 


The project site is located immediately west of Central Avenue Undercrossing (Bridge No. 56-0356) 


along eastbound SR 91 off-ramp to Central Avenue, where the existing freeway surface was constructed 


approximately 24 feet above the surrounding street grade. The retaining wall alignment is planned from 


Station 286+77 to Station 291+00 along the toe at the south side of the Central Avenue off-ramp. The off-


ramp surface elevation ranges from approximately 855.1 feet to 859.2 feet, respectively, at the eastern and 


western end of the retaining wall. The project alignment relative to general topography, streets, and 


landmark is shown on Figures 2e and 2f, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.18.1 


below.  


Table 8.2.18.1 - Summary of Proposed Retaining Wall RW 286 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 286 
Station 286+77 RT 152 to Station 


291+00 RT 153 
423 4 – 6 Level 849.0-852.0 R-07-140 
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8.2.18.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory boring (R-07-140) from the off-


ramp grade. Approximate location of boring is shown in Figure 2f. Details are provided in the following 


table. 


Table 8.2.18.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-140 51.5 Realigned SR-91 291+50 140 855.1 


 


8.2.18.3 Geotechnical Analysis and Design 


8.2.18.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits to the maximum depths explored. The alluvium consists primarily of medium dense to 


very dense clayey sand, medium stiff to hard sandy clay, and medium dense to dense silty sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.18.3. 
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Table 8.2.18.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


855.1-


803.6 
0-52 Alluvium  


Medium dense to 


very dense clayey 


SAND (SC), 


medium stiff to hard 


sandy CLAY (CL), 


medium dense to 


dense silty SAND 


(SM) 


6-75 


(40) 


13.9-17.0 


(15.2) 
120 210h 30h 


400-


1,200 


(800) 


Notes: 


a. Profile developed from State Route 91EB central avenue off-ramp roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


i. Cohesion and effective friction angle were based on a direct shear test result from boring R-07-139. 


 


 


8.2.18.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.18.3.3 Embankments 


Backfill on the order of 4 to 6 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to very dense clayey sand 


and silty with occasional stiff to hard lean clay. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.18.3. Immediate settlement is estimated to be less than ½ inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.18.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 6 feet at Station 


288+00. The parameters used in the slope stability analyses are presented in Table 8.2.18.3. A summary 


of the stability results is presented in Table 8.2.18.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.18.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


288+00 4.78 3.34 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.18.3.5 Corrosion 


Corrosivity testing was completed for adjacent boring R-07-136 as part of this investigation to assess the 


corrosion potential of the soils. The results of the corrosion testing are presented in table 8.2.18.5.  


Table 8.2.18.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-136 0-5.0 862.4-857.4 7.2 1,400 147 105 


Notes: 


l. ppm = parts per million 


m. ohm-cm = ohm-centimeter 


n. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


o. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 







SECTIONEIGHT Conclusions and Recommendations 


  8-94 


8.2.18.4 Shallow Foundations 


8.2.18.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.18.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 360 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.36 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.18.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.18.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.18.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.18.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 
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8.2.19 Retaining Wall 287 


The foundations of the proposed retaining wall are anticipated to be founded on existing fill of the on-


ramp. The existing fill is considered an adequate bearing material for supporting the retaining wall 


foundations. Total and differential settlement under the fully applied load is anticipated to be within 


tolerable limits. Furthermore, the potential for liquefaction at the project site is considered very low. As a 


result, the use of standard Caltrans Type 1 retaining wall supported on shallow foundations designed in 


accordance with Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.19.1 Project Description and Site Location 


The project site is located immediately west of the SR-91 Central Avenue Undercrossing (Bridge No. 56-


0356). The retaining wall alignment is planned from Station 286+50 to Station 290+00 on the upslope 


side of the westbound on-ramp. The on-ramp surface elevation ranges from approximately 845 feet and 


860 feet, respectively, at the western and eastern end of the retaining wall. The project alignment relative 


to general topography, streets, and landmark is shown on Figure 2e, Wall Layout and Exploratory 


Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.19.1 


below.  


Table 8.2.19.1 - Summary of Proposed Retaining Wall RW 287 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 287 
Station 284+85 LT 70 to Station 


290+00 LT 70 
515 4 - 26 Level 851.0-862.0 R-07-137 


 


8.2.19.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory boring (R-07-137) from the on-


ramp grade. Approximate location of boring is shown in Figure 2e. Details are provided in the following 


table. 


Table 8.2.19.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-137 71.5 Realigned SR-91 287+30 70 860.0 
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8.2.19.3 Geotechnical Analysis and Design 


8.2.19.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 17 feet of artificial fill consisting of a 


mixture of medium dense poorly graded sand with clay and clayey sand. Underlying the fill to maximum 


depths explored is Holocene and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists 


primarily of approximately 17 feet of hard sandy clay overlying medium dense to dense silty sand and 


dense to very dense poorly graded sand with silt. 


Engineering parameters for the generalized profile are presented in Table 8.2.19.3. 


Table 8.2.19.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


860.0-


843.0 
0-17 


Artificial 


Fill 


Medium dense 


clayey sand (SC) 


23-24 


(24) 


6.5-7.5 


(7) 
120 100 34 


600-


1,000 


(800) 


843.0-


826.0 
17-34 


Alluvium 1 


Qal1 


Hard sandy clay 


(CL) 


54-


100 


(75) 


9.8 120 360h 29h 


1,000-


2,000 


(1,500) 


826.0-


788.5 
34-72 


Alluvium 2 


Qal2 


Medium dense to 


dense silty sand 


(SM) and dense to 


very dense sand 


with silt (SP-SM) 


18-


100 


(38) 


14.6-16.9 


(15) 
120 


245-815 


(485) 


31-44 


(35) 


600-


1,400 


(1,000) 


Notes: 


a. Profile developed from State Route 91 WB Central Avenue on-ramp level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


i. Cohesion and effective friction angle were based on a direct shear test result from boring R-07-141 
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8.2.19.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.19.3.3 Embankments 


Backfill on the order of 4 to 26 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense clayey sands and medium 


dense to dense well graded to poorly graded sands. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.19.3. Immediate settlement is estimated to be about 0.3 to 1.4 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.19.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 26 feet at Station 


287+30. The parameters used in the slope stability analyses are presented in Table 8.2.19.3. A summary 


of the stability results is presented in Table 8.2.19.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.19.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


287+30 2.03 1.69 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.19.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.19.5.  
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Table 8.2.19.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-137 0-5.0 860-855 7.2 710 216 390 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.19.4 Shallow Foundations 


8.2.19.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1.5 and ¾ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.19.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 425 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.45 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.19.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.19.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 
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Table 8.2.19.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.19.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.20 Retaining Wall 288 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.20.1 Project Description and Site Location 


The project site is located immediately west of the eastbound SR-91 Central Avenue off-ramp along an 


elevated segment of SR-91, where the existing freeway surface was constructed on embankments up to 25 


feet above the surrounding street grade. The retaining wall alignment is planned from Station 287+40 to 


Station 291+00 along the eastbound mainline above the Central Avenue off-ramp.The freeway surface 


elevation ranges from approximately 870 feet and 876 feet, respectively, at the western and eastern end of 


the retaining wall. The project alignment relative to general topography, streets, and landmark is shown 


on Figures 2e and 2f, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.20.1 


below.  


Table 8.2.20.1 - Summary of Proposed Retaining Wall RW 288 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 288 
Station 287+40 RT 80 to Station 


291+00 RT 80 
360 4 - 28 Level 855.0-859.0 


R-07-138                


R-07-139 
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8.2.20.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-138 and R-07-139) 


from the freeway surface grade. Approximate locations of borings are shown in Figures 2e and 2f. Details 


are provided in the following table. 


Table 8.2.20.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-138 50.0 Realigned SR-91 287+70 53 871.0 


R-07-139 71.5 Realigned SR-91 290+60 54 876.1 


 


8.2.20.3 Geotechnical Analysis and Design 


8.2.20.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 20 to 22 feet of artificial fill. The artificial 


fill is consisting generally of dense, poorly graded gravel with sand and cobbles at the western portion of 


the wall. The gravel content within the artificial fill appears to decrease towards the eastern end of the 


wall to grade into medium dense clayey sands. Underlying the fill is alluvium consisting of medium dense 


to very dense clayey sand with occasional seams of stiff to very stiff sandy clay. Granitic bedrock was 


encountered below the alluvium at a depth of about 40 feet towards the western end of the wall. 


Engineering parameters for the generalized profile are presented in Table 8.2.20.3. 
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Table 8.2.20.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


876.1-


852.0 
0-24 


Artificial 


Fill  


Medium dense silty 


Sand with Gravel 


(SM), Medium 


dense t o dense 


Clayey Sand (SC) 


18-32 


(25) 


5.6 -12.1 


(9) 
120 


180-430 


(245) 


30-36 


(34) 


400-1200 


(1000) 


852.0-


804.6 
24-72 Alluvium  


Medium dense to 


very dense clayey 


Sand (SC) 


10-


200 


(67) 


12.7-13.8 


(13)  
120 210 30 


1000-


1600 


(1200) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.20.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type C can be assumed for the existing fill 


and alluvium, respectively. It should be noted that this assessment of Cal/OSHA soil type for temporary 


excavations is based on engineering classifications of material encountered in widely spaced explorations. 


The contractor should have a geotechnical or geological professional evaluate the soil conditions 


encountered during excavation to determine permissible temporary slope inclinations. 


8.2.20.3.3 Embankments 


Backfill on the order of 4 to 25 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to dense clayey sand with 


occasional stiff lean clay. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 
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calculations are presented in Table 8.2.20.3. Immediate settlement is estimated to be about 1.4 inches as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.20.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 28 feet at Station 


290+60. The parameters used in the slope stability analyses are presented in Table 8.2.20.3. A summary 


of the stability results is presented in Table 8.2.20.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.20.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


290+60 2.05 1.73 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.20.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.20.5.  


Table 8.2.20.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-139 0-5.0 876.1-871.1 8.0 1,700 240 75 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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8.2.20.4 Shallow Foundations 


8.2.20.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1.5 and ¾ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.20.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 425 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.20.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.20.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.20.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.20.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 
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8.2.21 Retaining Wall 291 


The foundations of the proposed retaining wall are anticipated to be founded on existing fill or alluvium. 


Both the fill and alluvium are considered adequate bearing material for supporting the retaining wall 


foundations. Total and differential settlement under the fully applied load is anticipated to be within 


tolerable limits. Furthermore, the potential for liquefaction at the project site is considered very low. As a 


result, the use of standard Caltrans Type 1 retaining wall supported on shallow foundations designed in 


accordance with Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.21.1 Project Description and Site Location 


The project site is located immediately east of Central Avenue along an elevated segment of SR-91, 


where the existing freeway surface was constructed on embankments up to 30 feet above the surrounding 


street grade. The retaining wall alignment is planned from Station 291+60 to Station 2294+50 along the 


westbound SR-91 embankment. The freeway surface elevation ranges from approximately 875 feet and 


879 feet, respectively, at the eastern and western end of the retaining wall. The project alignment relative 


to general topography, streets, and landmark is shown on Figure 2f, Wall Layout and Exploratory 


Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.21.1 


below.  


Table 8.2.21.1 - Summary of Proposed Retaining Wall RW 291 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 291 
Station 291+60 LT 77 to Station 


294+50 LT 77 
290 4 - 16 Level 849.0-868.0 R-07-143 


 


8.2.21.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory boring (R-07-143) from the 


freeway grade. Approximate location of boring is shown in Figure 2f. Details are provided in the 


following table. 


Table 8.2.21.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-143 71.5 Realigned SR-91 293+80 53 879.2 
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8.2.21.3 Geotechnical Analysis and Design 


8.2.21.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 24 feet of artificial fill consisting of medium 


dense to very dense silty sand with gravel and hard sandy clay. Underlying the fill to maximum depths 


explored is Holocene and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists 


primarily of stiff to hard sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.21.3. 


Table 8.2.21.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


879.2-


855.7 
0-24 


Artificial 


Fill 


Dense to very 


dense silty SAND 


with gravel 


(SM/SP-SM), hard 


sandy CLAY (CL) 


20-


100 


(53) 


5-14.3 


(9.7) 
120 


50-150 


(100) 


33-35 


(34) 


700-


1,200 


(950) 


855.7-


807.7 
24-72 Alluvium 


Very stiff to hard 


sandy CLAY (CL) 


14-


100 


(48) 


12-13.5 


(13) 
120 270 32 


600-


1,500 


(1,050) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.21.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 
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contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.21.3.3 Embankments 


Backfill on the order of 4 to 16 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to very dense silty sand with 


stiff to hard sandy clay. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.21.3. Immediate settlement is estimated to be less than 1 inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.21.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 16 feet on a 4:1 


(H:V) slope at Station 292+00. The parameters used in the slope stability analyses are presented in Table 


8.2.21.3. A summary of the stability results is presented in Table 8.2.21.4. Appendix C provides computer 


output and graphical results of the slope stability analyses. Results of the analyses indicate that the factors 


of safety meet the accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.21.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


292+00 2.26 1.70 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.21.3.5 Corrosion 


Corrosivity testing was completed for adjacent boring R-07-142 as part of this investigation to assess the 


corrosion potential of the soils. The results of the corrosion testing are presented in table 8.2.21.5.  
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Table 8.2.21.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-142 6.0 870.5 7.3 1,900 264 270 


Notes: 


p. ppm = parts per million 


q. ohm-cm = ohm-centimeter 


r. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


s. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


 


8.2.21.4 Shallow Foundations 


8.2.21.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1 and ½  inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.21.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 420 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 
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8.2.21.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.21.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.21.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.21.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.22 Retaining Wall 293 


The foundations of the proposed retaining wall are anticipated to be founded on existing fill or alluvium. 


Both fill and alluvium are considered adequate bearing material for supporting the retaining wall 


foundations. Total and differential settlement under the fully applied load is anticipated to be within 


tolerable limits. Furthermore, the potential for liquefaction at the project site is considered very low. As a 


result, the use of standard Caltrans Type 1 retaining wall supported on shallow foundations designed in 


accordance with Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. Segment of 


the wall between Stations 298+30 and 298+60 should be supported on deep foundations to avoid 


surcharging the existing Riverside Canal. 


8.2.22.1 Project Description and Site Location 


The project site is located east of Central Avenue Undercrossing (Bridge No. 56-0356) immediately west 


of the general area where SR-91 transits from an elevated freeway to a depressed freeway. The existing 


freeway surface varies from embankments up to 30 feet above the surrounding street grade at Central 


Avenue to nearly level with the surrounding street grade. The retaining wall alignment is planned from 


Station 292+00 to Station 301+50 along the north and downslope side of the realigned westbound off-


ramp to Central Avenue. The westbound Central Avenue off-ramp surface elevation ranges from 


approximately 869.3 feet and 853.0 feet, respectively, at the eastern and western end of the retaining wall. 


The project alignment relative to general topography, streets, and landmark is shown on Figure 2f, Wall 


Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.22.1 


below.  
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Table 8.2.22.1 - Summary of Proposed Retaining Wall RW 293 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 293 
Station 292+00 LT 162 to Station 


301+50 LT 100 
950 4 -20 Level 858.0-865.0 


R-07-141                                     


R-07-144                             


A-07-146 


 


8.2.22.2 Field Exploration 


The field exploration program consisted of drilling three (3) exploratory borings (R-07-141, R-07-144, 


and A-07-146) from the off-ramp grade. Approximate locations of borings are shown in Figure 2f. Details 


are provided in the following table. 


Table 8.2.22.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-141 30.5 Realigned SR-91 292+85 152 850.2 


R-07-144 51.5 Realigned SR-91 296+40 115 860.2 


A-07-146 71.5 Realigned SR-91 300+20 83 868.2 


 


 


8.2.22.3 Geotechnical Analysis and Design 


8.2.22.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 0 to 13.5 feet of artificial fill consisting of 


mixtures of stiff to very stiff sandy lean clay and fat clay with clayey sand. The artificial fill thins out 


towards the eastern end of the wall. Underlying the artificial fill to maximum depths explored is Holocene 


and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists primarily of stiff to hard 


sandy lean clay and fat clay with interbedded medium dense to very dense clayey sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.22.3. 
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Table 8.2.22.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


860.2-


846.7 
0-14 


Artificial 


Fill 


Stiff to very stiff 


sandy CLAY 


(CL/CH) 


10-19 


(15) 


3.2-21 


(16.0) 
120 


200-340 


(270) 


30-32 


(31) 


700-900 


(800) 


846.7-


808.7 
14-52 Alluvium 


Very stiff to hard 


sandy CLAY 


(CL/CH), with 


interbedded dense 


clayey SAND (SC) 


29-


100 


(39) 


12.2-20.2 


(16.1) 
120 360 29 


600-1500 


(1050) 


Notes: 


a. Profile developed from westbound off-ramp to Central Avenue and State Route 91 freeway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.22.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.22.3.3 Embankments 


Backfill on the order of 4 to 20 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of stiff to hard sandy lean/fat clay with layers 


of clayey sand. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.22.3. Immediate settlement is estimated to be about 0.4 to 1.2 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.22.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 20 feet at Station 


295+50. The parameters used in the slope stability analyses are presented in Table 8.2.22.3. A summary 


of the stability results is presented in Table 8.2.22.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.22.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


295+50 1.98 1.67 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.22.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.22.5.  


Table 8.2.22.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-144 0-5.0 860.2-855.2 9.5 1,200 ND 75 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND= Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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8.2.22.4 Shallow Foundations 


8.2.22.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1.5 and ¾ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.22.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 420 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.22.5 Deep Foundations 


Segment of the wall between Stations 298+30 and 298+60 should be supported on deep foundations to 


avoid surcharging the existing Riverside Canal. The invert elevation of the reinforced concrete box (RCB) 


is 860.2 ft at the location where it crosses below the wall. 


8.2.22.5.1 Axial Geotechnical Capacity 


Axial capacities of the proposed piles were evaluated considering frictional resistance only.  The Pile 


Data Table below presents our recommendations for the proposed pile foundations. 
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Table 8.2.22.6 - Pile Data Table for Proposed Piles 


Nominal  Resistance 
(kips) 


Location Pile Type 
Design 
Loading 
(kips) 


Comp. Tension  


Bottom of 
Footing 
Elevation 
(ft MSL) 


Design Tip 
Elevation 
(ft MSL) 


Specified 
Tip 


Elevation  
(ft MSL) 


298+30 to 


298+60 


Caltrans 


Standard 


Class 90  Alt 


‘Y’ Concrete 


Piles 


90 180 90 863.0 


837.5 (1)       


841.0 (2) 


842.5 (3)        


837.5 (4) 


Design tip elevation is controlled by the demands: 


(1) Compression; (2) Tension; (3) Lateral Loads: (4) The specified tip elevation shall not be raised 


Notes: 
a. Predrilling to obtain the specified penetration in conformance with the provisions in Section 49.1.05, “Driving 


Equipment” of the Standard Specifications shall not be allowed without approval of the Geotechnical Engineer.  


b. Minimum Pile Length for Lateral Loads determined by 1.5 times the critical length for which a further increase 


in pile length does not reduce deflection substantially. 


 


8.2.22.5.2 Lateral Geotechnical Capacity 


The acceptable horizontal deflection, rather than the lateral geotechnical strength or structural capacity of 


the pile section, often controls the allowable lateral capacity of piles. Lateral load evaluations were 


performed for free-head conditions for the Caltrans standard Class 90 Alternative ‘Y” concrete piles. A 


factor of safety has not been applied to the estimated loads or deflections.  


The lateral capacity calculations have included group effect by assuming a minimum of 5 pile-diameter 


spacing. An average p-multiplier of 0.85 was used in calculating lateral capacity for each pile. A p-


multiplier of 0.95 was used in calculating moment for piles, as the higher moment substantiated by the 


leading row would govern the moment design. 


The following table presents estimated lateral pile capacities using a range of deflections for the 


controlling load case.  


Table 8.2.22.7 - Lateral Capacity for Proposed Piles 


Lateral Deflection of Pile Cap 
(inch) 


Lateral Load per Pile (kips)  
free-head 


0.25 35.0 


0.5 34.3 


1.0 47.0 
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A summary of the estimated lateral pile capacities and deflections along with our assumptions, pile 


properties, soil properties, and sample output files with deflection, bending moment, shear, and soil 


resistance with depth is presented in Appendix C. 


8.2.22.5.3 Pile Spacing 
The recommended geotechnical capacities have assumed a pile spacing of at least 5 times pile diameter. 


These capacities should be re-evaluated if the actual pile spacing is less. 


8.2.22.5.4 Battered Pile 
As the project site is not underlain by potentially liquefiable soils, battered piles can be used at a gradient 


of 1:3 (H:V) for the purpose of resisting lateral loads. 


8.2.22.6 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.22.8 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.22.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.22.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.23 Retaining Wall 294 


The foundations of the proposed retaining wall are anticipated to be founded on existing fill. The fill is 


considered an adequate bearing material for supporting the retaining wall foundations. Total and 


differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint 


8.2.23.1 Project Description and Site Location 


The project site is located immediately east of Central Avenue Overcrossing (Bridge No. 56-0356) along 


an elevated segment of eastbound SR-91, where the existing freeway surface was constructed on 
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embankments up to 26 feet above the surrounding street grade. The retaining wall alignment is planned 


from Station 292+80 to Station 296+00 along the freeway adjacent to the eastbound on-ramp from 


Central Avenue. The freeway surface elevation ranges from approximately 873.2 feet and 879 feet, 


respectively, at the eastern and western end of the retaining wall. The project alignment relative to general 


topography, streets, and landmark is shown on Figure 2f, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.23.1 


below.  


Table 8.2.23.1 - Summary of Proposed Retaining Wall RW 294 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 294 
Station 292+80 RT 80 to Station 


296+00 RT 76 
320 4 - 12 Level 856.0-865.0 


R-07-142               


A-07-145 


 


8.2.23.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-142 and A-07-145) 


from the freeway surface elevation and on-ramp elevation. Approximate locations of borings are shown in 


Figure 2f. Details are provided in the following table. 


Table 8.2.23.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-142 62.5 Realigned SR-91 293+10 54 876.5 


A-07-145 71.5 Realigned SR-91 297+40 85 869.0 


 


8.2.23.3 Geotechnical Analysis and Design 


8.2.23.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 5 feet to 24 feet of artificial fill consisting of 


stiff to very stiff sandy clay and loose to medium dense clayey sand. Underlying the fill to maximum 


depths explored is Holocene and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists 


primarily of stiff to hard sandy clay and medium dense to very dense clayey sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.23.3. 
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Table 8.2.23.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


876.5-


852.5 
0-24 


Artificial 


Fill  


Stiff to very stiff 


sandy CLAY (CL), 


loose to medium 


dense clayey 


SAND (SC) 


5-22 


(14) 


10.2-10.3 


(10.3) 
120 


150-550 


(400) 


28-33 


(32) 


250-650 


(450) 


852.5-


846.5 
24-30 


Alluvium 1 


Qal1 


Stiff to hard sandy 


CLAY (CL) 


9-31 


(16) 


9.2-14.7 


(11.7) 
120 320 37 


500-


1,500 


(1,000) 


846.5-


814.0 
30-63 


Alluvium 2 


Qal2 


Medium dense to 


very dense clayey 


SAND (SC/SC-SM) 


20-


100 


(60) 


5.8-15.3 


(11.2) 
120 


100-280 


(190) 


29-38 


(35) 


1,000-


1,600 


(1,200) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.23.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.23.3.3 Embankments 


Backfill on the order of 4 to 12 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to dense clayey sand with 


very stiff sandy clay. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.23.3. Immediate settlement is estimated to be less than ½ inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.23.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 12 feet on 2:1 


(H:V) slope at Station 293+00. The parameters used in the slope stability analyses are presented in Table 


8.2.23.3. A summary of the stability results is presented in Table 8.2.23.4. Appendix C provides computer 


output and graphical results of the slope stability analyses. Results of the analyses indicate that the factors 


of safety meet the accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.23.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


293+00 2.35 1.91 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.23.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.23.5.  


Table 8.2.23.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-142 6.0 870.5 7.3 1,900 264 270 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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8.2.23.4 Shallow Foundations 


8.2.23.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than ½ and ¼ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.23.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 420 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.23.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.23.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.23.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.23.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 
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8.2.24 Retaining Wall 303 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.24.1 Project Description and Site Location 


The project site is located west of Ivy Street Overcrossing (Bridge No. 56-0329) along a depressed 


segment of westbound SR-91, where the existing freeway surface was constructed up to 30 feet below the 


surrounding grade. The proposed Type 1 wall alignment is planned from Station 301+50 to Station 


315+00 along a portion of the auxiliary lane before Central Avenue off-ramp. The freeway surface 


elevation ranges from approximately 897.3 feet to 869.4 feet, respectively, at the eastern and western end 


of the retaining wall. The project alignment relative to general topography, streets, and landmark is shown 


on Figures 2f and 2g, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.24.1 


below.  


Table 8.2.24.1 - Summary of Proposed Retaining Wall RW 303 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 303 
Station 301+50 LT 95 to Station 


315+00 LT 96 
1,350 4 - 26 2:1 864.0-891.0 


R-07-148                             


A-07-149                           


R-07-150 


 


8.2.24.2 Field Exploration 


The field exploration program consisted of drilling three (3) exploratory borings (R-07-148, A-07-149, 


and R-07-150) from either the freeway grade or the surface street grade. Approximate locations of borings 


are shown in Figures 2f and 2g. Details are provided in the following table. 
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Table 8.2.24.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-148 50.5 Realigned SR-91 304+35 125 876.0 


A-07-149 30.8 Realigned SR-91 309+00 55 881.4 


R-07-150 21.0 Realigned SR-91 314+00 55 892.8 


 


8.2.24.3 Geotechnical Analysis and Design 


8.2.24.3.1 Geologic Profile and Engineering Parameters 


The western portion of the wall location is underlain by Holocene and Pleistocene age, unconsolidated 


alluvial deposits to the final depths explored. The alluvium consists primarily of medium dense to very 


dense clayey sand and very stiff to hard sandy clay. About 4 feet of artificial fill was found overlaying 


bedrock towards the eastern end of the wall. The fill consists of sandy lean clay and the bedrock is 


phaneritic, slightly weathered igneous rock.  


A generalized subsurface profile at Station 312+50 was developed for use in our engineering analyses. 


Engineering parameters for the generalized profile are presented in Table 8.2.24.3. 
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Table 8.2.24.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


881.4-


850.6 
0-31 Alluvium 


Medium dense to 


very dense clayey 


SAND (SC) 


20-


100 


(78) 


8.5-9.5 


(9.1) 
120 260 34 


900-


1,700 


(1,300) 


Notes: 


a. Profile developed from State Route 91 roadway level At Station 312+50 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.24.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B and A can be assumed for the 


alluvium and bedrock, respectively. It should be noted that this assessment of Cal/OSHA soil type for 


temporary excavations is based on engineering classifications of material encountered in widely spaced 


explorations. The contractor should have a geotechnical or geological professional evaluate the soil 


conditions encountered during excavation to determine permissible temporary slope inclinations. 


8.2.24.3.3 Temporary Shoring 


Shoring should be used where there is insufficient space for open excavations, cuts in excess of 20 feet, or 


unsafe conditions are anticipated. Caltrans Trenching and Shoring Manual should be consulted for 


shoring design. 


The design lateral earth pressure may be computed by assuming a unit weight of 120 pcf and the friction 


angle of 34 degrees for the retained alluvium. 
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8.2.24.3.4 Embankment 


Since the wall is in cut section we do not anticipate any new fill to be placed for the completion of the 


proposed wall. As a result, settlement is not a project design issue. 


8.2.24.3.5 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 26 feet at Station 


312+50. The parameters used in the slope stability analyses are presented in Table 8.2.24.3. A summary 


of the stability results is presented in Table 8.2.24.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.24.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


312+50 2.42 1.98 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.24.3.6 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.24.5.  


Table 8.2.24.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


A-07-149 0-5.0 881.4-876.4 7.6 3,900 564 285 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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8.2.24.4 Shallow Foundations 


8.2.24.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.24.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 420 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.24.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.24.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by retained alluvium. 


Table 8.2.24.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


2:1 Active 49 


 


The recommended value presented in Table 8.2.24.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 and 0.41 for retaining level and sloping alluvium, 


respectively. Surcharges that are set back behind the wall a horizontal distance greater than the exposed 


wall height do not need to be added to the design pressures. 
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8.2.25 Retaining Wall 315 


The retaining wall 315 is soil nail wall. Soil nails are designed in accordance with SNAIL computer 


program developed by Caltrans Division of Materials and Foundations, Geotechnical Engineering 


Circular No. 7 (FHWA A0-IF-03-017), and Manual for Design and Construction Monitoring of Soil Nail 


Walls (FHWA A-SA-96-069R).  


8.2.25.1 Project Description and Site Location 


The project site is located immediately west of Ivy Street Overcrossing (Bridge No. 56-0329) along a 


depressed segment of westbound SR-91, where the existing freeway surface was constructed up to 35 feet 


below the surrounding street grade. The proposed soil nail wall alignment is planned from Station 315+00 


to Station 320+50. The freeway surface elevation ranges from approximately 904.9 feet to 897.3 feet, 


respectively, at the eastern and western end of the retaining wall. The project alignment relative to general 


topography, streets, and landmark is shown on Figure 2g, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.25.1 


below.  


Table 8.2.25.1 - Summary of Proposed Retaining Wall RW 315 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Slope 
Condition 
above Wall 


(H:V) 


Approximate 
Bottom of 
Excavation 
Elevation       
(ft MSL) 


Pertinent 
Exploratory 
Boring(s) 


RW 315 
Station 315+00 LT 96 to Station 


320+50 LT 84 
550 4 - 22 Level 892.3-901.6 R-07-152 


 


8.2.25.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory boring (R-07-152) from the 


freeway surface elevation. Approximate locations of borings are shown in Figure 2g. Details are provided 


in the following table. 
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Table 8.2.25.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-150a 21.0 Realigned SR-91 314+00 55 892.8 


R-07-152 6.6 Realigned SR-91 319+20 55 902.2 


A-07-154b 19.1 Realigned SR-91 322+10 168 931.1 


Notes: 


a. Drilled for Retaining Wall 303 at freeway level. 


b. Drilled for Retaining Wall 321 at Panorama Street level. 


 


8.2.25.3 Geotechnical Analysis and Design 


8.2.25.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by coarse grained, intensely weathered igneous rock 


above the freeway level and slightly weathered, moderately to slightly fractured igneous rock below the 


freeway level. 


Engineering parameters for the generalized profile are presented in Table 8.2.25.3. 


Table 8.2.25.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength  Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT N-
value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


924-872 0-52 Bedrock 


Moderately to 


slightly weathered 


Igneous rock 


- - 135 11,000 24 


Notes: 


a. Profile developed from Panorama Street level based on borings R-07-150, R-07-152, and A-07-154. 


b. Ultimate shear strength parameters for bedrock are developed from Hoek-Brown criteria for poor quality rock. 


 


8.2.25.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type A can be assumed for bedrock. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 
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8.2.25.3.3 Embankments 


We do not anticipate any new fill to be placed for the completion of the proposed soil nail wall. As a 


result, settlement is not a project design issue. 


8.2.25.3.4 Corrosion 


Corrosivity testing was completed for adjacent boring A-07-153 as part of this investigation to assess the 


corrosion potential of the soils. The results of the corrosion testing are presented in table 8.2.25.4.  


Table 8.2.25.4 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


A-07-153 0-5.0 916.0-911.0 6.9 660 2,400 510 


Notes: 


t. ppm = parts per million 


u. ohm-cm = ohm-centimeter 


v. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


w. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


 


8.2.25.4 Soil Nails 


8.2.25.4.1 General 


Soil nails are typically installed in an inclination ranging from 10
o
 to 20


o
 below the horizontal. Nail 


inclination shallower than 10
o
 should be avoided, as the risk of void forming in the grout increases 


significantly for grout holes shallower than 10
o
 below the horizontal. The use of uniform spacing can 


simplify construction and quality control, though due to project-specific geometric constraints, nail 


spacing may need to be irregular. However, the nail spacing should not exceed 6.5 feet under any 


circumstances. Moreover, though the nails can be installed in a staggered pattern, a square pattern is 


preferred for the ease of installation. Geocomposite drainage materials such as Terradrain 101, or 


equivalent, outletting to weepholes should be provided between every vertical soil nail column to 


facilitate drainage behind the shotcrete facing. 
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8.2.25.4.2 Internal Stability 


The soil nail manufacturer should verify the internal stability of the soil nail wall for nail and facing 


design. For nails founded into the older alluvium, an allowable pull out resistance of 14.5 pounds per 


square inch (psi) or 547d (d is diameter of nail in inch) pounds per linear foot (plf) using a factor of safety 


of 2.0 may be used for pre-drilled nails filled with non-pressure grout. However, pull out capacity is most 


realistically evaluated from load tests in the field, as the actual capacity depends on various site-specific 


equipment- and method-related factors. 


8.2.25.4.3 External Stability 


The slope stability analyses were completed for the proposed maximum wall height of 22 feet at Station 


315+50. The parameters used in the slope stability analyses are presented in Table 8.2.25.3. A summary 


of the stability results is presented in Table 8.2.25.5. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the slope stability analysis indicate that factors of safety 


in excess of the commonly accepted minimums of 1.5 and 1.1 under static and seismic condition, 


respectively, for stable slopes can be achieved with a minimum soil nail length of 14 feet. 


Table 8.2.25.5 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


315+50 12.0 10.9 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.25.4.4 Bearing Capacity 


The following Preliminary Shallow Foundation Data Table presents soil bearing pressure. The given 


allowable and ultimate bearing capacities are net values, and these values may be increased by one-third 


for momentary wind or seismic loads. Edge pressure due to any eccentric load should not exceed the 


bearing values given for permanent and temporary loads. 
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Table 8.2.25.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Length of Soil 


Nail                
(ft) 


Bottom of 
Excavation 
Elevation       
(ft MSL) Gross Allowable Soil 


Bearing Pressure (qall) 
Ultimate Soil Bearing 


Pressure (qu) 


RW 315 14 895 42.4 127.2 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 


 


8.2.25.4.5 Construction Control 


To better control the quality of wall construction, the soil nail wall are divided into construction control 


zones based on anticipated soil/bedrock conditions. Nail testing schedule should follow the 


recommendations summarized below for each zone and soil/bedrock strata. 


Table 8.2.25.7 - Construction Control 


Nail Testing 


Zone Station 
Length 
(ft) 


Maximum 
Height  
(ft) 


Approximate 
Bottom of 
Excavation 
Elevation      
(ft MSL) 


Anticipated Material 
within Zone 


Average 
Elevation 
of Soil/ 
Bedrock 
Strata    
(ft MSL) 


Proof Test a 
Verification 


Test b 


Zone 1 


315+00 


to 


316+50 


150 22 897.5-892.3 Igneous Rock 916-890 2.0% 1 nail 


Zone 2 


316+50 


to 


318+00 


150 19 900.0-897.5 Igneous Rock 920-890 2.0% - 


Zone 3 


318+00 


to 


319+50 


150 16 901.6-900.0 Igneous Rock 920-890 2.0% 1 nail 


Zone 4 


319+50 


to 


320+50 


100 13 901.6 Igneous Rock 920-890 2.0% - 


Notes: 


a. Proof tests should be conducted on 8% of total production nails per Caltrans.  


b. As a minimum, two verification tests should be conducted in each soil/bedrock strata per FHWA. 
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8.2.25.4.6 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.25.8 may be used to estimate lateral earth pressures against the soil 


nailed block exerted by retained bedrock. 


Table 8.2.25.8 - Preliminary Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


2:1 (H:V) Active 43 


 


The recommended value presented in Table 8.2.25.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Lateral pressures resulting from a uniform vertical surcharge behind the wall should be added as a 


horizontal pressure with a rectangular distribution and calculated using a lateral earth pressure coefficient 


of 0.32. Surcharges that are set back behind the wall a horizontal distance greater than the exposed wall 


height do not need to be added to the design pressures. 


 


8.2.26 Retaining Wall 316 


The retaining wall 316 is soil nail wall. Soil nails are designed in accordance with SNAIL computer 


program developed by Caltrans Division of Materials and Foundations, Geotechnical Engineering 


Circular No. 7 (FHWA A0-IF-03-017), and Manual for Design and Construction Monitoring of Soil Nail 


Walls (FHWA A-SA-96-069R).  


8.2.26.1 Project Description and Site Location 


The project site is located immediately west of the southern abutment of the Ivy Street Overcrossing 


(Bridge No. 56-0329) along a depressed segment of eastbound SR-91, where the existing freeway surface 


was constructed up to 15 feet below the surrounding street grade. The proposed soil nailed wall alignment 


is planned from Station 315+00 to Station 320+60 on the north-facing descending slope below an existing 


access road along the north side of a railroad track. The freeway surface elevation ranges from 


approximately 904.9 feet to 899.0 feet, respectively, at the eastern and western end of the retaining wall. 


The project alignment relative to general topography, streets, and landmark is shown on Figure 2f, Wall 


Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.26.1 


below.  
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Table 8.2.26.1 - Summary of Proposed Retaining Wall RW 316 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Slope 
Condition 
above Wall 


(H:V) 


Approximate 
Bottom of 
Excavation 
Elevation       
(ft MSL) 


Pertinent 
Exploratory 
Boring(s) 


RW 316 
Station 314+80 RT 88 to Station 


320+60 RT 76 
580 4 - 8 Level 901.6-908.2 


A-07-151                


A-07-153 


 


8.2.26.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (A-07-151 and A-07-153) 


from the access road grade. Approximate locations of borings are shown in Figure 2f. Details are 


provided in the following table. 


Table 8.2.26.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-151 18.0 Realigned SR-91 315+15 97 907.0 


A-07-153 15.0 Realigned SR-91 319.45 97 916.0 


 


8.2.26.3 Geotechnical Analysis and Design 


8.2.26.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 10 feet to 12 feet of alluvial deposits 


consisting of medium stiff to stiff sandy clay overlying very dense clayey sand. Underlying the alluvial 


deposits to maximum depths explored is intensely weathered igneous rock. 


Engineering parameters for the generalized profile are presented in Table 8.2.26.3. 
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Table 8.2.26.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength  Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT N-
value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


916.0-


906.0 
0-10 Alluvium 


Stiff sandy CLAY 


(CL), very dense 


clayey SAND (SC) 


58-100 


(86) 


9.0-10.5 


(9.6) 
125 


250-450 


(350) 


30-36 


(33) 


906.0-


901.0 
10-15 Bedrock 


Intensely 


weathered 


IGNEOUS ROCK 


100 5.4 135 11,000 24 


Notes: 


a. Profile developed from the existing access road level off Ivy Street. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-
value and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts 
(Peck, Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and 
c’ (Mesri and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and 


φ’ (Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Ultimate shear strength parameters for bedrock are developed from Hoek-Brown criteria for poor quality rock. 


 


8.2.26.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the alluvium and 


bedrock. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.26.3.3 Embankments 


We do not anticipate any new fill to be placed for the completion of the proposed soil nail wall. As a 


result, settlement is not a project design issue. 


8.2.26.3.4 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in Table 8.2.26.4.  
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Table 8.2.26.4 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


A-07-153 0-5.0 916.0-911.0 6.9 660 2,400 510 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be corrosive in accordance with the 


Caltrans Corrosion Guidelines (Caltrans, 2003). The bearing plate should be embedded into the 


permanent cast-in-plate facing to control steel corrosion. Encapsulated soil nails with nails grouted inside 


a corrugated plastic sheath should be considered. The soil nail encapsulation should extend into the 


temporary shortcrete facing a depth of at least 3 inches. 


8.2.26.4 Soil Nails 


8.2.26.4.1 General 


Soil nails are typically installed in an inclination ranging from 10
o
 to 20


o
 below the horizontal. Nail 


inclination shallower than 10
o
 should be avoided, as the risk of void forming in the grout increases 


significantly for grout holes shallower than 10
o
 below the horizontal. The use of uniform spacing can 


simplify construction and quality control, though due to project-specific geometric constraints, nail 


spacing may need to be irregular. However, the nail spacing should not exceed 6.5 feet under any 


circumstances. Moreover, though the nails can be installed in a staggered pattern, a square pattern is 


preferred for the ease of installation. Geocomposite drainage materials such as Terradrain 101, or 


equivalent, outletting to weepholes should be provided between every vertical soil nail column to 


facilitate drainage behind the shotcrete facing. 


8.2.26.4.2 Internal Stability 


The soil nail manufacturer should verify the internal stability of the soil nail wall for nail and facing 


design. For nails founded into the older alluvium, an allowable pull out resistance of 7.25 pounds per 


square inch (psi) or 273d (d is diameter of nail in inch) pounds per linear foot (plf) using a factor of safety 


of 2.0 may be used for pre-drilled nails filled with non-pressure grout. However, pull out capacity is most 


realistically evaluated from load tests in the field, as the actual capacity depends on various site-specific 


equipment- and method-related factors. 
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8.2.26.4.3 External Stability 


The slope stability analyses were completed for the proposed maximum wall height of 8 feet at Station 


320+00. The parameters used in the slope stability analyses are presented in Table 8.2.26.3. A summary 


of the stability results is presented in Table 8.2.26.5. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the slope stability analysis indicate that factors of safety 


in excess of the commonly accepted minimums of 1.5 and 1.1 under static and seismic condition, 


respectively, for stable slopes can be achieved with a minimum soil nail length of 6 feet. 


Table 8.2.26.5 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


320+00 2.55 2.03 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.26.4.4 Bearing Capacity 


The following Preliminary Shallow Foundation Data Table presents soil bearing pressure. The given 


allowable and ultimate bearing capacities are net values, and these values may be increased by one-third 


for momentary wind or seismic loads. Edge pressure due to any eccentric load should not exceed the 


bearing values given for permanent and temporary loads. 


Table 8.2.26.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Length of Soil 


Nail                
(ft) 


Bottom of 
Excavation 
Elevation       
(ft MSL) Gross Allowable Soil 


Bearing Pressure (qall) 
Ultimate Soil Bearing 


Pressure (qu) 


RW 316 6 908.4 9.0 26.9 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 
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8.2.26.4.5 Construction Control 


To better control the quality of wall construction, the soil nail wall are divided into construction control 


zones based on anticipated soil/bedrock conditions. Nail testing schedule should follow the 


recommendations summarized below for each zone and soil/bedrock strata. 


Table 8.2.26.7 - Construction Control 


Nail Testing 


Zone Station 
Length 
(ft) 


Maximum 
Height  
(ft) 


Approximate 
Bottom of 
Excavation 
Elevation      
(ft MSL) 


Anticipated Material 
within Zone 


Average 
Elevation 
of Soil/ 
Bedrock 
Strata    
(ft MSL) 


Proof Test a 
Verification 


Test b 


Sandy Clay (CL) 907-900 0.8% 1 nail 
Zone 1 


314+80 


to 


316+30 


150 5 901.6-904.8 


Clayey Sand (SC) 900-895 0.8% 1 nail 


Sandy Clay (CL) 911-903 0.8% - 
Zone 2 


316+30 


to 


317+80 


150 8 904.8-906.5 
Clayey Sand (SC) 903-900 1.2% 1 nail 


Sandy Clay (CL) 916-908 0.8% 1 nail 


Clayey Sand (SC) 908-904 0.8% - Zone 3 


317+80 


to 


319+30 


150 8 906.5-908.2 


Igneous Rock 904-895 0.4% 1 nail 


Sandy Clay (CL) 916-908 0.8% - 


Clayey Sand (SC) 908-906 1.2% 1 nail Zone 4 


319+30 


to 


320+60 


130 8 908.2 


Igneous Rock 906-895 0.4% 1 nail 


Notes: 


a. Proof tests should be conducted on 8% of total production nails per Caltrans. 


b. As a minimum, two verification tests should be conducted in each soil/bedrock strata per FHWA. 


 


8.2.26.4.6 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.26.8 may be used to estimate lateral earth pressures against the soil 


nailed block exerted by retained alluvium. 


Table 8.2.26.8 - Preliminary Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.26.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 
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traffic. Lateral pressures resulting from a uniform vertical surcharge behind the wall should be added as a 


horizontal pressure with a rectangular distribution and calculated using a lateral earth pressure coefficient 


of 0.30 for the retaining walls. Surcharges that are set back behind the wall a horizontal distance greater 


than the exposed wall height do not need to be added to the design pressures. 


8.2.27 Retaining Wall 321 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium or 


bedrock. Both alluvium and bedrock are considered an adequate bearing material for supporting the 


retaining wall foundations. Total and differential settlement under the fully applied load is anticipated to 


be within tolerable limits. Furthermore, the potential for liquefaction at the project site is considered very 


low. As a result, the use of standard Caltrans Type 1 retaining wall supported on shallow foundations 


designed in accordance with Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.27.1 Project Description and Site Location 


The project site is located immediately east of the northern abutment of the Ivy Street Overcrossing 


Bridge No. 56-0329) along a depressed segment of westbound SR-91, where the existing freeway surface 


was constructed up to 28 feet below the surrounding street grade. The proposed Type 1 wall alignment is 


planned from Station 321+00 to Station 335+50 on the south-facing descending slope below Panorama 


Road. The freeway surface elevation ranges from approximately 873.3 feet to 905.0 feet, respectively, at 


the eastern and western end of the retaining wall. The project alignment relative to general topography, 


streets, and landmark is shown on Figures 2g and 2h, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.27.1 


below.  


Table 8.2.27.1 - Summary of Proposed Retaining Wall RW 321 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 321 
Station 321+00 LT 84 to Station 


337+50 LT 78 
1,650 4 - 22 2.3:1 860.0-898.0 


A-07-154                              


A-07-156                           


A-07-158 


 


8.2.27.2 Field Exploration 


The field exploration program consisted of drilling three (3) exploratory borings (A-07-154, A-07-156, 


and A-07-158) from the Panorama Road. Approximate locations of borings are shown in Figures 2g and 


2h. Details are provided in the following table. 
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Table 8.2.27.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-154 19.1 Realigned SR-91 322+10 168 931.1 


A-07-156 23.0 Realigned SR-91 327+00 168 922.0 


A-07-158 33.5 Realigned SR-91 332+00 152 896.0 


 


8.2.27.3 Geotechnical Analysis and Design 


8.2.27.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 7 feet to 25 feet of Holocene and 


Pleistocene age, unconsolidated alluvial deposits consisting of a mixture of stiff to very stiff sandy clay 


and loose to dense clayey sand. Underlying the deposits to maximum depths explored is coarse grained, 


intensely weathered igneous rock. 


Engineering parameters for the generalized profile are presented in Table 8.2.27.3. 
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Table 8.2.27.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


931.1-


924.1 
0-7 Alluvium 


Soft to very stiff 


sandy CLAY (CL), 


loose to very dense 


clayey SAND (SC) 


2-50 


(21) 
- 125 


50-675 


(350) 


27-38 


(33) 


200-


1,600 


(900) 


924.1-


912.0 
7-19 Bedrock 


Coarse grained, 


intensely 


weathered 


IGNEOUS ROCK 


100 6.7 135 11,000 24 - 


Notes: 


a. Profile developed from Panorama Road roadway level at Station 321+50. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Ultimate shear strength parameters for bedrock are developed from Hoek-Brown criteria for poor quality rock. 


i. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.27.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the alluvium and 


bedrock. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.27.3.3 Embankments 


Backfill on the order of 4 to 22 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of thin layers of very stiff sandy clay and dense 


clayey sand overlying bedrock. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.27.3. Immediate settlement is estimated to be less than 1 inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.27.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 22 feet at Station 


321+50 where footing is sitting on the bedrock and for the wall height of 16 feet at Station 331+50 where 


wall is sitting on alluvium. The parameters used in the slope stability analyses are presented in Table 


8.2.27.3. A summary of the stability results is presented in Table 8.2.27.4. Appendix C provides computer 


output and graphical results of the slope stability analyses. Results of the analyses indicate that the factors 


of safety meet the accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.27.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


321+50 16.6 12.2 


331+50 3.00 2.42 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.27.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.27.5.  


Table 8.2.27.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


A-07-158 0-5.0 896.0-891.0 7.5 5,200 552 330 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 
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Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.27.4 Shallow Foundations 


8.2.27.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.27.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 420 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.40 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.27.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.27.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by retained alluvium or bedrock. 


Table 8.2.27.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


2.3:1 (H:V) Active 44 


 


The recommended value presented in Table 8.2.27.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 
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using a lateral earth pressure coefficient of 0.30 and 0.37 for retaining level and sloping alluvium or 


bedrock, respectively. Surcharges that are set back behind the wall a horizontal distance greater than the 


exposed wall height do not need to be added to the design pressures. 


8.2.28 Retaining Wall 322 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.28.1 Project Description and Site Location 


The project site is located immediately east of the Ivy Street Overcrossing (Bridge No. 56-0329) along a 


depressed segment of eastbound SR-91, where the existing freeway surface was constructed 


approximately up to 20 feet below the surrounding street grade. The proposed Type 1 wall alignment is 


planned from Station 321+00 to Station 339+00. The freeway surface elevation ranges from 


approximately 859.0 feet and 905.0 feet, respectively, at the eastern and western end of the retaining wall. 


The project alignment relative to general topography, streets, and landmark is shown on Figures 2g and 


2h, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.28.1 


below.  


Table 8.2.28.1 - Summary of Proposed Retaining Wall RW 322 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 322 
Station 321+00 RT 77 to Station 


339+00 RT 78 
1,800 4 - 14 2:1 to Level 847.0-904.0 


R-07-155                             


R-07-157                            


A-07-159                              


R-07-161 


 


8.2.28.2 Field Exploration 


The field exploration program consisted of drilling four (4) exploratory borings (R-07-155, R-07-157, A-


07-159, and R-07-161) from the freeway surface grade. Approximate locations of borings are shown in 


Figures 2g and 2h. Details are provided in the following table. 
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Table 8.2.28.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-155 40.0 Realigned SR-91 322+20 55 906.2 


R-07-157 51.0 Realigned SR-91 327+90 55 890.3 


A-07-159 25.0 Realigned SR-91 332+55 95 885.0 


R-07-161 51.5 Realigned SR-91 335+00 55 869.1 


 


8.2.28.3 Geotechnical Analysis and Design 


8.2.28.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 21 feet to 30 feet of alluvial deposits. The 


alluvium consists primarily of hard sandy silty clay, medium dense to very dense clayey sand, and dense 


silty sand. Underlying the deposits to maximum depths explored is phaneritic, moderately to intensely 


weathered, moderately hard igneous rock. 


Towards the eastern end of the wall, the subject site explored is mantled by about 13 feet of artificial fill 


and underlying alluvium to the maximum depth explored. The fill consists of medium dense clayey sand 


and stiff sandy clay. The alluvium consists primarily of medium dense to dense clayey sand and stiff to 


very stiff sandy clay 


Engineering parameters for the generalized profile are presented in Table 8.2.28.3. 
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Table 8.2.28.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


890.3-


869.3 
0-21 Alluvium 


Hard sandy silty 


CLAY (CL-ML), 


dense to very 


dense clayey 


SAND (SC) 


35-


100 


(44) 


16.6 120 
300-400 


(350) 


33-38 


(36) 


1,000-


1,600 


(1,200) 


869.3-


839.3 
21-51 Bedrock 


Intensely 


weathered 


IGNEOUS ROCK  


100 - 135 11,000 24 - 


Notes: 


a. Profile developed from State Route 91 roadway level at station 329+00. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Ultimate shear strength parameters for bedrock are developed from Hoek-Brown criteria for poor quality rock. 


i. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.28.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.28.3.3 Embankments 


Backfill on the order of 4 to 14 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of hard sandy silty clay and medium dense to 


very dense clayey sand. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.28.3. Immediate settlement is estimated to be less than ½ inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary. 


8.2.28.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 14 feet at Station 


329+00. The parameters used in the slope stability analyses are presented in Table 8.2.28.3. A summary 


of the stability results is presented in Table 8.2.28.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.28.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


329+00 3.50 2.82 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.28.3.5 Corrosion 


Corrosivity testing was completed for adjacent borings R-07-162 and R-07-163 as part of this 


investigation to assess the corrosion potential of the soils. The results of the corrosion testing are 


presented in table 8.2.28.5.  


Table 8.2.28.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-162 0-5.0 861.7-856.7 9.7 3,600 ND 75 


R-07-163 0-5.0 851.7-846.7 9.4 3,100 ND 180 


Notes: 


x. ppm = parts per million 


y. ohm-cm = ohm-centimeter 


z. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


aa. ND = Not Detected 
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Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


 


8.2.28.4 Shallow Foundations 


8.2.28.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than ½ and ¼ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.28.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 460 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.44 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.28.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.28.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by retained alluvium. 


Table 8.2.28.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


2:1 Active 49 


 


The recommended value presented in Table 8.2.28.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 and 0.41 for retaining level and sloping alluvium, 
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respectively. Surcharges that are set back behind the wall a horizontal distance greater than the exposed 


wall height do not need to be added to the design pressures. 


8.2.29 Retaining Wall 337 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.29.1 Project Description and Site Location 


The project site is located immediately west of Union Pacific Rail Road Over Crossing (UPRR OC) along 


an elevated segment of State Route 91 (SR-91), where the existing freeway surface was constructed up to 


30 feet above the surrounding grade towards eastern end of the wall and 16 feet below the surrounding 


grade towards western end of the wall . The retaining wall alignment is planned from Station 335+50 to 


Station 340+75 along westbound SR-91. The freeway surface elevation ranges from approximately 853.6 


feet and 868.7 feet, respectively, at the eastern and western end of the retaining wall. The project 


alignment relative to general topography, streets, and landmark is shown on Figure 2h, Wall Layout and 


Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.29.1 


below.  


Table 8.2.29.1 - Summary of Proposed Retaining Wall RW 337 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 337 
Station 337+50 LT 78 to Station 


340+75 LT 78 
325 4 - 14 Level 843.0-858.0 


R-07-160               


R-07-162 


 


8.2.29.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-160, R-07-162) 


from the freeway level. Approximate locations of borings are shown in Figure 2h. Details are provided in 


the following table. 
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Table 8.2.29.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-160 71.5 Realigned SR-91 335+60 55 867.4 


R-07-162 51.5 Realigned SR-91 337+55 54 861.7 


 


8.2.29.3 Geotechnical Analysis and Design 


8.2.29.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 8 feet to 23 feet of artificial fill consisting of 


mixture of medium dense to dense clayey sand, dense silty sand and very stiff sandy clay. Underlying the 


fill to maximum depth explored is Holocene and Pleistocene age, unconsolidated alluvial deposits. The 


alluvium consists primarily of medium dense to dense clayey sand, very stiff to hard sandy clay and 


medium dense to very dense silty sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.29.3. 
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Table 8.2.29.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


861.7-


838.2 
0-24 


Artificial 


Fill 


Medium dense to 


dense clayey 


SAND (SC), very 


stiff sandy CLAY 


(CL) 


20-30 


(23) 


11.3-13.1 


(12.5) 
120 750 35 


600-


1,200 


(900) 


838.2-


810.2 
24-52 Alluvium 


Medium dense to 


dense clayey 


SAND (SC/SP-SC), 


very dense silty 


SAND (SM), very 


stiff sandy CLAY 


(CL) 


21-58 


(37) 


13.2-20.8 


(15.5) 
120 


200-300 


(250) 


33-36 


(35) 


800-


1,400 


(1,100) 


Notes: 


a. Profile developed from State Route 91 roadway level at Station 339+00. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.29.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.29.3.3 Embankments 


Backfill on the order of 4 to 14 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to dense clayey sand, very 


stiff to hard sandy clay with medium dense to very dense silty sand. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.29.3. Immediate settlement is estimated to be less than 1 inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.29.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 14 feet at Station 


339+00. The parameters used in the slope stability analyses are presented in Table 8.2.29.3. A summary 


of the stability results is presented in Table 8.2.29.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.29.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


339+00 2.66 2.02 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.29.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.29.5.  


Table 8.2.29.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-162 0-5.0 861.7-856.7 9.7 3,600 ND 75 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 







SECTIONEIGHT Conclusions and Recommendations 


  8-149 


8.2.29.4 Shallow Foundations 


8.2.29.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.29.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 440 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.29.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.29.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.29.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.29.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 
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8.2.30 Retaining Wall 338 


The foundations of the proposed retaining wall are anticipated to be founded on existing artificial fill. The 


fill is considered an adequate bearing material for supporting the retaining wall foundations. Total and 


differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. Segment of the wall between 


Stations 340+50 and 341+00 should be supported on deep foundations to avoid surcharging the existing 


reinforced concrete pipe (RCP). 


8.2.30.1 Project Description and Site Location 


The project site is located immediately west of the Union Pacific Rail Road bridge spanning over SR-91 


between Ivy Street and Cridge Street. The retaining wall alignment is planned from Station 335+70 to 


Station 342+00 adjacent to the eastbound freeway. The freeway surface elevation ranges from 


approximately 876 feet and 845 feet, respectively, at the western and eastern end of the retaining wall. 


The project alignment relative to general topography, streets, and landmark is shown on Figure 2h, Wall 


Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.30.1 


below.  


Table 8.2.30.1 - Summary of Proposed Retaining Wall RW 338 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 338 
Station 339+00 RT 80 to Station 


342+00 RT 135 
300 4 - 16 Level 833.0-847.0 


R-07-161               


R-07-163 


 


8.2.30.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-161 and R-07-163) 


from the freeway surface elevation. Approximate locations of borings are shown in Figure 2h. Details are 


provided in the following table. 


Table 8.2.30.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-161 51.5 Realigned SR-91 335+00 55 869.1 


R-07-163 32.5 Realigned SR-91 340+90 55 851.7 
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8.2.30.3 Geotechnical Analysis and Design 


8.2.30.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is mantled by 14 feet to 20 feet of artificial fill consisting of a 


mixture of medium dense to dense clayey sand and stiff to very stiff sandy clay. Underlying the fill is 


Holocene and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists primarily of 


medium dense to dense clayey sand and stiff to very stiff sandy clay to the maximum depths explored. 


Engineering parameters for the generalized profile are presented in Table 8.2.30.3. 


Table 8.2.30.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


851.7-


832.2 
0-20 


Artificial 


Fill 


Dense clayey 


SAND (SC),  very 


stiff sandy CLAY 


(CL) 


19-26 


(22) 


8.3-17.2 


(12.3) 
120 


250-550 


(400) 


33-35 


(34) 


600-


1,200 


(900) 


832.2-


819.2 
20-33 Alluvium 


Medium dense 


clayey SAND (SC), 


stiff sandy CLAY 


(CL) 


9-15 


(11) 


10.1-17.7 


(14.5) 
120 470 33 


800-


1,400 


(1,100) 


Notes: 


a. Profile developed from State Route 91 roadway level at Station 340+90 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.30.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 
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contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.30.3.3 Embankments 


Backfill on the order of 4 to 16 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to dense clayey sand and stiff 


to very stiff sandy clay. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.30.3. Immediate settlement is estimated to be less than ½ inch as 


shown in calculations presented in Appendix C. Because settlement is anticipated to be immediate 


settlement, no waiting period is deemed necessary 


8.2.30.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 16 feet at Station 


340+50. The parameters used in the slope stability analyses are presented in Table 8.2.30.3. A summary 


of the stability results is presented in Table 8.2.30.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.30.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


340+50 2.48 1.98 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.30.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.30.5.  
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Table 8.2.30.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-163 0-5.0 851.7-846.7 9.4 3,100 ND 180 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected. 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.30.4 Shallow Foundations 


8.2.30.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than ½ and ¼ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.30.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 420 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.42 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 
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8.2.30.5 Deep Foundations 


Segment of the wall between Stations 340+50 and 341+00 should be supported on deep foundations to 


avoid surcharging the existing reinforced concrete pipe (RCP). The invert elevation of the reinforced 


concrete pipe is 832.0 ft at the location where it crosses below the wall. 


8.2.30.5.1 Axial Geotechnical Capacity 


Axial capacities of the proposed piles were evaluated considering frictional resistance only.  The Pile 


Data Table below presents our recommendations for the proposed pile foundations. 


Table 8.2.30.6 - Pile Data Table for Proposed Piles 


Nominal  Resistance 
(kips) 


Location Pile Type 
Design 
Loading 
(kips) 


Comp. Tension  


Bottom of 
Footing 
Elevation 
(ft MSL) 


Design Tip 
Elevation 
(ft MSL) 


Specified 
Tip 


Elevation 


(ft MSL) 


340+50 to 


341+00 


Caltrans 


Standard 


Class 90  Alt 


‘Y’ Concrete 


Piles 


90 180 90 837.0 


806.5 (1)        


802.5 (2) 


809.5 (3)        


802.5 (4) 


Design tip elevation is controlled by the demands: 


(1) Compression; (2) Tension; (3) Lateral Loads; (4) The specified tip elevation shall not be raised. 


Notes: 
a. Predrilling to obtain the specified penetration in conformance with the provisions in Section 49.1.05, “Driving 


Equipment” of the Standard Specifications shall not be allowed without approval of the Geotechnical Engineer.  


b. Minimum Pile Length for Lateral Loads determined by 1.5 times the critical length for which a further increase 


in pile length does not reduce deflection substantially. 


 


8.2.30.5.2 Lateral Geotechnical Capacity 


The acceptable horizontal deflection, rather than the lateral geotechnical strength or structural capacity of 


the pile section, often controls the allowable lateral capacity of piles. Lateral load evaluations were 


performed for free-head conditions for the Caltrans standard Class 90 Alternative ‘Y” concrete piles. A 


factor of safety has not been applied to the estimated loads or deflections.  


The lateral capacity calculations have included group effect by assuming a minimum of 3 pile-diameter 


spacing. An average p-multiplier of 0.55 was used in calculating lateral capacity for each pile. A p-


multiplier of 0.75 was used in calculating moment for piles, as the higher moment substantiated by the 


leading row would govern the moment design. Slope reduction is considered for the piles since the 


retaining wall situated on the embankment. 


The following table presents estimated lateral pile capacities using a range of deflections for the 


controlling load case.  
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Table 8.2.30.7 - Lateral Capacity for Proposed Piles 


Lateral Deflection of Pile Cap 
(inch) 


Lateral Load per Pile (kips)  
free-head 


0.25 10.7 


0.5 14.8 


1.0 20.8 


 


A summary of the estimated lateral pile capacities and deflections along with our assumptions, pile 


properties, soil properties, and sample output files with deflection, bending moment, shear, and soil 


resistance with depth is presented in Appendix C. 


8.2.30.5.3 Pile Spacing 
The recommended geotechnical capacities have assumed a pile spacing of at least 5 times pile diameter. 


These capacities should be re-evaluated if the actual pile spacing is less. 


8.2.30.5.4 Battered Pile 
As the project site is not underlain by potentially liquefiable soils, battered piles can be used at a gradient 


of 1:3 (H:V) for the purpose of resisting lateral loads. 


8.2.30.6 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.30.8 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.30.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.30.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 
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8.2.31 Retaining Wall 343 


The foundations of the proposed retaining wall are anticipated to be founded on existing fill or alluvium. 


The fill and alluvium are considered adequate bearing materials for supporting the retaining wall 


foundations. Total and differential settlement under the fully applied load is anticipated to be within 


tolerable limits. Furthermore, the potential for liquefaction at the project site is considered very low. As a 


result, if space permitted, the use of mechanically stabilized earth (MSE) wall designed in accordance to 


the methodologies outlined in Section 5.9.2 and 5.9.3 of the Caltrans Bridge Design Specifications (2004) 


with details as shown in Section 3-8 of Caltrans Bridge Design Aids (2002) and Caltrans XS-13-010-1 


through 8 (1998) is feasible from a geotechnical standpoint. 


8.2.31.1 Project Description and Site Location 


The project site is located immediately east of Union Pacific Rail Road Over Crossing (UPRR OC) along 


an elevated segment of westbound SR-91, where the existing freeway surface was constructed on 


embankments up to 26 feet above the surrounding street grade. The retaining wall alignment is planned 


from Station 341+50 to Station 350+50. The freeway surface elevation ranges from approximately 840.7 


feet and 850.0 feet, respectively, at the eastern and western end of the retaining wall. The project 


alignment relative to general topography, streets, and landmark is shown on Figures 2h and 2i, Wall 


Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.31.1 


below.  


Table 8.2.31.1 - Summary of Proposed Retaining Wall RW 343 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 343 
Station 341+50 LT 78 to Station 


350+50 LT 90 
900 4 - 25 Level 816.3-838.0 


R-07-164                       


A-07-166 


 


8.2.31.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-164 and A-07-166) 


from the freeway grade and surrounding street grade. Approximate locations of borings are shown in 


Figures 2h and 2i. Details are provided in the following table. 
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Table 8.2.31.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-164 41.5 Realigned SR-91 343+75 52 846.5 


A-07-166 50.1 Realigned SR-91 348+45 139 814.0 


 


 


8.2.31.3 Geotechnical Analysis and Design 


8.2.31.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by about 25 feet of artificial fill consisting of a 


medium stiff to stiff sandy clay and medium dense to dense clayey sand. Underlying the fill is Holocene 


and Pleistocene age, unconsolidated alluvial deposits and igneous rock to the maximum depth explored. 


The alluvium consists primarily of stiff to hard sandy clay, medium dense to very dense silty sand, and 


very dense clayey sand. Underneath the alluvial deposits are coarse grained to fine grained, weathered 


igneous rock. 


Engineering parameters for the generalized profile are presented in Table 8.2.31.3. 
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Table 8.2.31.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


846.5-


821.5 
0-25 


Artificial 


Fill 


Medium stiff to stiff 


sandy CLAY (CL), 


medium dense to 


dense clayey 


SAND (SC/SP-SC) 


7-32 


(20) 


6.9-13.4 


(9.2) 
120 


50-150 


(100) 
34 


350-750 


(550) 


821.5-


795.5 
25-51 Alluvium 1  


Stiff to hard sandy 


CLAY (CL) 


11-


100 


(19) 


4.6-5.9 


(5.3) 
120 


300-900 


(600) 


30-33 


(32) 


600-


1,400 


(1,000) 


795.5-


770.5 
51-76 Alluvium 2 


Medium dense to 


very dense silty 


SAND (SM/SP-


SM), very dense 


clayey SAND (SC) 


18-


100 


(80) 


3.2-10.7 


(5.8) 
120 0 


34-38 


(36) 


800-


1,600 


(1,200) 


Notes: 


a. Profile developed from State Route 91 roadway level and surrounding street level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.31.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type C and B can be assumed for the 


existing fill and alluvium, respectively. It should be noted that this assessment of Cal/OSHA soil type for 


temporary excavations is based on engineering classifications of material encountered in widely spaced 


explorations. The contractor should have a geotechnical or geological professional evaluate the soil 


conditions encountered during excavation to determine permissible temporary slope inclinations. 
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8.2.31.3.3 Embankments 


Backfill on the order of 4 to 25 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium stiff to hard sandy clay and medium 


dense to very dense silty sand and clayey sand. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.31.3. Immediate settlement is estimated to be about 0.3 to 1.2 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.31.3.4 Slope Stability 


8.2.31.3.4.1 Internal Stability 


An internal friction angle of 34
o
 and a unit weight of 120 lb/ft


3
 can be assumed for the backfill materials 


in evaluating the potential slip surfaces within the reinforced soil mass. The MSE wall should be designed 


in accordance to the methodologies outlined in Section 5.9.2 and 5.9.3 of the Caltrans Bridge Design 


Specifications or equivalent. 


8.2.31.3.4.2 External Stability 


The slope stability analyses were completed for the section with maximum wall height of 25 feet at 


Station 349+50. Another slope stability analyses were completed for the section with maximum slope at 


station 344+00. The wall height at Section 344+00 is 10 feet. The parameters used in the slope stability 


analyses are presented in Table 8.2.31.3. A summary of the stability results is presented in Table 8.2.31.4. 


Appendix C provides computer output and graphical results of the slope stability analyses. Results of the 


analyses indicate that the factors of safety meet the accepted minimum for a stable slope under static and 


pseudo static loading conditions. 


Table 8.2.31.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


344+00 2.29 1.69 


349+50 2.73 2.23 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 
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8.2.31.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.31.5.  


Table 8.2.31.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-164 0-5.0 846.5-841.5 7.8 3,000 ND 75 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.31.4 Shallow Foundations 


8.2.31.4.1 Bearing Capacity 


Bases of the MSE walls should be founded at least 2 feet or 10 % of the design wall height, whichever is 


larger, below the lowest adjacent grade with a minimum setback of 2.5 feet or 10 % of the design wall height, 


whichever is larger from top of any slopes (measured from outside edge of face panel). To ensure a uniform 


contact between the base and subgrade soil, the upper 3 foot of subgrade soil below the base of the MSE wall 


should be removed and recompacted to 95% relative compaction before the construction of the retaining wall. 


The following Preliminary Shallow Foundation Data Table presents our preliminary recommendations for 


the retaining wall foundations. The given allowable and ultimate bearing capacities are net values, and 


these values may be increased by one-third for momentary wind or seismic loads. Edge pressure due to 


any eccentric load should not exceed the bearing values given for permanent and temporary loads. 
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Table 8.2.31.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum Base 
Width             
(ft) 


Bottom of 
Base Elevation      


(ft MSL) Gross Allowable Soil 
Bearing Pressure (qall) 


Ultimate Soil Bearing 
Pressure (qu) 


8 3.7 11.1 


12 4.3 12.9 


14 4.5 13.5 


18 5.1 15.3 


20 5.4 16.2 


RW 343 


22 


816.3-838.0 


5.7 17.1 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 


 


Total and differential settlements of less than 1.5 and ¾ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.31.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 390 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.39 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.31.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.31.7 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.31.7 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 
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The recommended value presented in Table 8.2.31.7 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.32 Retaining Wall 344 


The foundations of the proposed retaining wall are anticipated to be founded on existing artificial fill. The 


fill is considered an adequate bearing material for supporting the retaining wall foundations. Total and 


differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.32.1 Project Description and Site Location 


The project site is located immediately east of the Pachappa Underpass (Bridge No. 56-0325) of  Union 


Pacific Rail Road (UPRR), which spans across SR-91 between Ivy Street and Cridge Street. The retaining 


wall alignment is planned from Station 343+30 to Station 345+75 along eastbound SR-91. The freeway 


surface elevation ranges from approximately 841.2 feet and 844.9 feet, respectively, at the eastern and 


western end of the retaining wall. The project alignment relative to general topography, streets, and 


landmark is shown on Figure 2h, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.32.1 


below.  


Table 8.2.32.1 - Summary of Proposed Retaining Wall RW 344 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 344 
Station 343+30 RT 80 to Station 


345+75 RT 80 
245 4 - 30 2:1 to Level 835.0-842.0 R-07-165 


 


8.2.32.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory boring (R-07-165) from the 


freeway surface grade. Approximate location of boring is shown in Figure 2h. Details are provided in the 


following table. 
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Table 8.2.32.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-165 48.0 Realigned SR-91 344+65 54 841.2 


 


8.2.32.3 Geotechnical Analysis and Design 


8.2.32.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is mantled by about 9 feet of artificial fill consisting of medium 


dense clayey sand. Underlying the fill to maximum depth explored is Holocene and Pleistocene age, 


unconsolidated alluvial deposits. The alluvium consists primarily of very stiff to hard sandy clay, dense to 


very dense clayey sand, and very dense silty sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.32.3. 
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Table 8.2.32.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


841.2-


832.2 
0-9 


Artificial 


Fill 


Medium dense 


clayey SAND (SC) 
15 


13.7-15.1 


(14.4) 
120 100 34 


600-


1,000 


(900) 


832.2-


793.2  
9-48 Alluvium 


Very stiff to hard 


sandy CLAY (CL),  


dense to very 


dense clayey 


SAND (SC), very 


dense silty SAND 


(SM) 


23-


100 


(37) 


9.0-16.3 


(13.1) 
120 250 36 


800-


1,400 


(1,000) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.32.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.32.3.3 Temporary Shoring 


Shoring should be used where there is insufficient space for open excavations, cuts in excess of 20 feet, or 


unsafe conditions are anticipated. Caltrans Trenching and Shoring Manual should be consulted for 


shoring design. 
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The design lateral earth pressure may be computed by assuming a unit weight of 120 pcf and a friction 


angle of 34 degrees for the retained alluvium. 


8.2.32.3.4 Embankments 


Backfill on the order of 4 to 30 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of dense to very dense clayey sand, very stiff 


to hard lean clay, and very dense silty sand. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.32.3. Immediate settlement is estimated to be about 0.3 to 1.7 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.32.3.5 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 30 feet at Station 


343+50. The parameters used in the slope stability analyses are presented in Table 8.2.32.3. A summary 


of the stability results is presented in Table 8.2.32.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.32.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


343+50 1.84 1.46 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.32.3.6 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.32.5.  
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Table 8.2.32.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-165 0-5.0 841.2-836.2 6.6 3,300 240 315 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.32.4 Shallow Foundations 


8.2.32.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 2 and 1 inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.32.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 460 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.44 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.32.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.32.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by retained alluvium. 
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Table 8.2.32.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


2:1 (H:V) Active 49 


 


The recommended value presented in Table 8.2.32.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 and 0.41 for retaining level and sloping alluvium, 


respectively. Surcharges that are set back behind the wall a horizontal distance greater than the exposed 


wall height do not need to be added to the design pressures. 


8.2.33 Retaining Wall 346 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.33.1 Project Description and Site Location 


The project site is located immediately east of the Pachappa Underpass (Bridge No. 56-0325) of Union 


Pacific Rail Road (UPRR), which spans across the depressed segment of SR-91 between Ivy Street and 


Cridge Street. The retaining wall alignment is planned from Station 345+75 to Station 347+60 along 


eastbound SR-91, where the existing freeway surface elevation was constructed up to 35 feet below the 


surrounding grade. The freeway surface elevation ranges from approximately 839.3 feet and 841.2 feet, 


respectively, at the eastern and western end of the retaining wall. The project alignment relative to general 


topography, streets, and landmark is shown on Figure 2h, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.33.1 


below.  
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Table 8.2.33.1 - Summary of Proposed Retaining Wall RW 346 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 346 
Station 345+75 RT 80 to Station 


347+60 RT 87 
185 4 - 14 Level 822.0-839.0 


R-07-165                    


R-07-167 


 


8.2.33.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-165 and R-07-167) 


from the freeway surface grade. Approximate locations of borings are shown in Figure 2h. Details are 


provided in the following table. 


Table 8.2.33.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation      
(ft) 


R-07-165 48.0 Realigned SR-91 344+65 54 841.2 


R-07-167 31.5 Realigned SR-91 348+75 53 837.5 


 


8.2.33.3 Flood Zone 


Historic groundwater levels in the vicinity of the subject retaining wall site are relatively deep at elevation 


around 775 feet above mean sea level. However, the wall alignment is situated across a low depression 


with a maximum depth of about 10 feet from Station 345+75 to 347+60. Water is expected to inundate 


this depression and pond on the face of the wall during heavy run-offs. This flood zone should be 


considered in the design and construction of this retaining wall. 


We included this perched water condition and the groundwater level is assumed to be at the top of the 


existing ground surface for all geotechnical engineering analysis. The contractor should be made aware of 


this flooding condition and adjust its construction schedule accordingly.  


8.2.33.4 Geotechnical Analysis and Design 


8.2.33.4.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is mantled by about 9 feet of artificial fill towards western end of 


the wall. The fill is consisting of medium dense clayey sand. The artificial fill thins out towards eastern 


end of the wall. Underlying the fill to maximum depth explored is Holocene and Pleistocene age, 


unconsolidated alluvial deposits. The alluvium consists primarily of loose to very dense clayey sand, very 


stiff to hard sandy clay, and very dense silty sand. 
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Engineering parameters for the generalized profile are presented in Table 8.2.33.3. 


Table 8.2.33.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


841.2-


832.2 
0-9 


Artificial 


Fill 


Medium dense 


clayey SAND (SC) 
15 


13.7-15.1 


(14.4) 
120 100 34 


600-


1,000 


(900) 


832.2-


793.2  
9-48 Alluvium 


Loose to very 


dense clayey 


SAND (SC), very 


stiff to hard sandy 


CLAY (CL), very 


dense silty SAND 


(SM) 


6-100 


(20) 


6.6-16.3 


(12.5) 
120 


80-250 


(200) 


28-36 


(32) 


500-


1,100 


(800) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.33.4.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


8.2.33.4.3 Embankments 


Backfill on the order of 4 to 14 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of loose to very dense clayey sand with 


occasional stiff to hard lean clay overlying very dense silty sand. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts and compression ratio with moisture 


content. The parameters used in the settlement calculations are presented in Table 8.2.33.3. Maximum 


consolidation and immediate settlement is estimated to be about 1.1 to 1.7 inches as shown in calculations 


presented in Appendix C. If the subject retaining wall is constructed during dry season, no waiting period 


is deemed necessary. However, if the construction schedule is otherwise a minimum settlement period of 


1 week is recommended prior to the construction of the pavement. 


8.2.33.4.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 14 feet at Station 


347+00. The parameters used in the slope stability analyses are presented in Table 8.2.33.3. A summary 


of the stability results is presented in Table 8.2.33.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.33.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


347+00 1.63 1.38 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.33.4.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.33.5.  


Table 8.2.33.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-165 0-5.0 841.2-836.2 6.6 3,300 240 315 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 
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Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.33.5 Shallow Foundations 


8.2.33.5.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 2 and 1 inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.33.5.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 390 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.39 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.33.6 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.33.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.33.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.33.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 
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behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


8.2.34 Retaining Wall 348 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.34.1 Project Description and Site Location 


The project site is located immediately west of Cridge Street Overcrosing (Bridge No. 56-0312), which 


spans across a depressed segment of SR-91. The retaining wall alignment is planned from Station 347+60 


to Station 354+50 along eastbound SR-91, where the existing freeway surface was constructed up to 35 


feet below the surrounding grade. The freeway surface elevation ranges from approximately 840.0 feet 


and 839.3 feet, respectively, at the eastern and western end of the retaining wall. The project alignment 


relative to general topography, streets, and landmark is shown on Figures 2h and 2i, Wall Layout and 


Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.34.1 


below.  


Table 8.2.34.1 - Summary of Proposed Retaining Wall RW 348 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 348 
Station 347+60 RT 87 to Station 


354+50 RT 92 
690 4 - 26 2:1 832.0-834.0 


R-07-167                                 


R-07-168                          


R-07-169 


 


8.2.34.2 Field Exploration 


The field exploration program consisted of drilling three (3) exploratory borings (R-07-167, R-07-168, 


and R-07-169) from the freeway surface grade. Approximate locations of borings are shown in Figures 2h 


and 2i. Details are provided in the following table. 
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Table 8.2.34.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-167 31.5 Realigned SR-91 348+75 53 837.5 


R-07-168 70.3 Realigned SR-91 350+80 160 872.0 


R-07-169 51.3 Realigned SR-91 353+50 52 838.6 


 


8.2.34.3 Geotechnical Analysis and Design 


8.2.34.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored consists of. Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of loose to very dense clayey sand, very stiff to hard 


sandy clay and very dense silty sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.34.3. 
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Table 8.2.34.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


872.0-


787.3 
0-85 Alluvium  


Loose to very 


dense clayey 


SAND (SC), very 


stiff to hard sandy 


CLAY (CL), very 


dense silty SAND 


(SM) 


6-100 


(31) 


6.6-17.5 


(13.1) 
120 


80-230 


(200) 


28-36 


(32) 


500-


1,100 


(800) 


Notes: 


a. Profile developed from Date Street level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.34.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.34.3.3 Embankments 


Backfill on the order of 4 to 26 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of loose to very dense clayey sand with 


occasional stiff to hard lean clay overlying very dense silty sand. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.34.3. Immediate settlement is estimated to be about 0.4 to 1.6 
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inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary. 


8.2.34.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 26 feet at Station 


354+50. The parameters used in the slope stability analyses are presented in Table 8.2.34.3. A summary 


of the stability results is presented in Table 8.2.34.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.34.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


354+50 1.67 1.39 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.34.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.34.5.  


Table 8.2.34.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-169 0-5.0 838.6-833.6 8.9 7,600 24 120 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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8.2.34.4 Shallow Foundations 


8.2.34.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 2 and 1 inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.34.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 390 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.39 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.34.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.34.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by retained alluvium. 


Table 8.2.34.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


2:1 (H:V) Active 49 


 


The recommended value presented in Table 8.2.34.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.41. Surcharges that are set back behind the wall a horizontal 


distance greater than the exposed wall height do not need to be added to the design pressures. 
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8.2.35 Retaining Wall 351 


The retaining wall 351 is soil nail wall. Soil nails are designed in accordance with SNAIL computer 


program developed by Caltrans Division of Materials and Foundations, Geotechnical Engineering 


Circular No. 7 (FHWA A0-IF-03-017), and Manual for Design and Construction Monitoring of Soil Nail 


Walls (FHWA A-SA-96-069R).  


8.2.35.1 Project Description and Site Location 


The project site is located immediately west of Cridge Street Overcrossing (Bridge No. 56-0312) along a 


depressed segment of westbound SR-91, where the existing freeway surface was constructed up to 22 feet 


below the surrounding street grade. The proposed soil nailed wall alignment is planned from Station 


350+50 to Station 354+50. The freeway surface elevation ranges from approximately 841.4 feet to 839.1 


feet, respectively, at the eastern and western end of the retaining wall. The project alignment relative to 


general topography, streets, and landmark is shown on Figure 2i, Wall Layout and Exploratory Location 


Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.35.1 


below.  


Table 8.2.35.1 - Summary of Proposed Retaining Wall RW 351 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Slope 
Condition 
above Wall 


(H:V) 


Approximate 
Bottom of 
Excavation 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 351 
Station 350+50 LT 89 to Station 


354+50 LT 89 
400 4 - 17 2:1 843.2-843.7 R-07-170 


 


8.2.35.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory borings (R-07-170) from the 


parking lot located at Cridge Street and Olivewood Avenue grade. Approximate locations of borings are 


shown in Figure 2i. Details are provided in the following table. 


Table 8.2.35.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-170 71.5 Realigned SR-91 352+75 115 863.0 
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8.2.35.3 Geotechnical Analysis and Design 


8.2.35.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is Holocene and Pleistocene age, unconsolidated alluvial 


deposits to the maximum depth explored. The alluvium consists primarily of loose well graded sand with 


silt overlying medium dense to very dense clayey sand and very stiff to hard sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.35.3. 


Table 8.2.35.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength  Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT N-
value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


863.0-


791.5 
0-72 Alluvium 


Very stiff to hard 


sandy CLAY (CL), 


medium dense well 


graded SAND with 


silt (SW-SM), 


medium dense to 


very dense clayey 


SAND (SC/SC-SM) 


9-50 


(32) 


3.3-23.2 


(14.9) 
120 470 33 


Notes: 


a. Profile developed from the existing access road level off Ivy Street. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-
value and moisture content. 


c. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


d. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts 
(Peck, Hanson and Thornburn, 1973). 


e. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and 
c’ (Mesri and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


f. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and 


φ’ (Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


 


 


8.2.35.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 
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8.2.35.3.3 Embankments 


We do not anticipate any new fill to be placed for the completion of the proposed soil nail wall. As a 


result, settlement is not a project design issue. 


8.2.35.3.4 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.35.4.  


Table 8.2.35.4 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-170 0-5.0 863.0-858.0 7.4 3,800 624 330 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.35.4 Soil Nails 


8.2.35.4.1 General 


Soil nails are typically installed in an inclination ranging from 10
o
 to 20


o
 below the horizontal. Nail 


inclination shallower than 10
o
 should be avoided, as the risk of void forming in the grout increases 


significantly for grout holes shallower than 10
o
 below the horizontal. The use of uniform spacing can 


simplify construction and quality control, though due to project-specific geometric constraints, nail 


spacing may need to be irregular. However, the nail spacing should not exceed 6.5 feet under any 


circumstances. Moreover, though the nails can be installed in a staggered pattern, a square pattern is 


preferred for the ease of installation. Geocomposite drainage materials such as Terradrain 101, or 


equivalent, outletting to weepholes should be provided between every vertical soil nail column to 


facilitate drainage behind the shotcrete facing. 


8.2.35.4.2 Internal Stability 


The soil nail manufacturer should verify the internal stability of the soil nail wall for nail and facing 


design. For nails founded into the older alluvium, an allowable pull out resistance of 7.25 pounds per 


square inch (psi) or 273d (d is diameter of nail in inch) pounds per linear foot (plf) using a factor of safety 
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of 2.0 may be used for pre-drilled nails filled with non-pressure grout. However, pull out capacity is most 


realistically evaluated from load tests in the field, as the actual capacity depends on various site-specific 


equipment- and method-related factors. 


8.2.35.4.3 External Stability 


The slope stability analyses were completed for the proposed maximum wall height of 17 feet at Station 


354+50. The parameters used in the slope stability analyses are presented in Table 8.2.35.3. A summary 


of the stability results is presented in Table 8.2.35.5. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the slope stability analysis indicate that factors of safety 


in excess of the commonly accepted minimums of 1.5 and 1.1 under static and seismic condition, 


respectively, for stable slopes can be achieved with a minimum soil nail length of 11 feet. 


Table 8.2.35.5 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


354+50 1.67 1.36 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.35.4.4 Bearing Capacity 


The following Preliminary Shallow Foundation Data Table presents soil bearing pressure. The given 


allowable and ultimate bearing capacities are net values, and these values may be increased by one-third 


for momentary wind or seismic loads. Edge pressure due to any eccentric load should not exceed the 


bearing values given for permanent and temporary loads. 


Table 8.2.35.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Length of Soil 


Nail                
(ft) 


Bottom of 
Excavation 
Elevation       
(ft MSL) Gross Allowable Soil 


Bearing Pressure (qall) 
Ultimate Soil Bearing 


Pressure (qu) 


354+50 11 843.3 13.8 41.4 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu.. 
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8.2.35.4.5 Construction Control 


To better control the quality of wall construction, the soil nail wall are divided into construction control 


zones based on anticipated soil/bedrock conditions. Nail testing schedule should follow the 


recommendations summarized below for each zone and soil/bedrock strata. 


Table 8.2.35.7 - Construction Control 


Nail Testing 


Zone Station 
Length 
(ft) 


Maximum 
Height  
(ft) 


Approximate 
Bottom of 
Excavation 
Elevation      
(ft MSL) 


Anticipated Material 
within Zone 


Average 
Elevation 
of Soil/ 
Bedrock 
Strata    
(ft MSL) 


Proof Test a 
Verification 


Test b 


Zone 1 


350+50 


to 


352+00 


150 15 843.2-843.3 Clayey Sand (SC) 863-840 1.2% 1 nail 


Clayey Sand (SC) 863-859 0.8% - 


Sand with Silt (SW-SM) 859-854 0.8% 1 nail 


Clayey Sand (SC) 856-845 0.8% 1 nail 
Zone 2 


352+00 


to 


353+50 


150 14 843.3-843.7 


Sandy Clay (CL) 845-840 0.8% 1 nail 


Clayey Sand (SC) 863-859 0.8% 1 nail 


Sand with Silt (SW-SM) 859-854 0.8% 1 nail 


Clayey Sand (SC) 856-845 1.2% 1 nail 
Zone 3 


353+50 


to 


354+50 


100 17 843.5-843.7 


Sandy Clay (CL) 845-840 0.8% 1 nail 


Notes: 


a. Proof tests should be conducted on 8% of total production nails per Caltrans.  


b. As a minimum, two verification tests should be conducted in each soil/bedrock strata per FHWA. 


 


8.2.35.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.35.8 may be used to estimate lateral earth pressures against the soil 


nailed block exerted by retained alluvium. 


Table 8.2.35.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


2:1 (H:V) Active 52 


 


The recommended value presented in Table 8.2.35.8 does not include hydrostatic forces and other 


surcharge loads resulting from foundations, structures, and traffic. Lateral pressures resulting from a 
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uniform vertical surcharge behind the wall should be added as a horizontal pressure with a rectangular 


distribution and calculated using a lateral earth pressure coefficient of 0.43 for the retaining walls. 


Surcharges that are set back behind the wall a horizontal distance greater than the exposed wall height do 


not need to be added to the design pressures.  


8.2.36 Retaining Wall 355 


The retaining wall 355 is soil nail wall. Soil nails are designed in accordance with SNAIL computer 


program developed by Caltrans Division of Materials and Foundations, Geotechnical Engineering 


Circular No. 7 (FHWA A0-IF-03-017), and Manual for Design and Construction Monitoring of Soil Nail 


Walls (FHWA A-SA-96-069R).  


8.2.36.1 Project Description and Site Location 


The project site is located immediately east of the Cridge Street Overcrossing (Bridge No. 56-0312) along 


westbound State Route 91 (SR-91), where the existing freeway surface was constructed up to 28 feet 


below the surrounding street grade. The proposed soil nailed wall alignment is planned from Station 


355+00 to Station 360+10 on the south-facing descending slope below Olivewood Avenue. The freeway 


surface elevation ranges from approximately 841.3 feet to 840.6 feet, respectively, at the eastern and 


western end of the retaining wall. The project alignment relative to general topography, streets, and 


landmark is shown on Figure 2i, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.36.1 


below.  


Table 8.2.36.1 - Summary of Proposed Retaining Wall RW 355 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Slope 
Condition 
above Wall 


(H:V) 


Approximate
Bottom of 
Excavation 
Elevation  


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 355 
Station 355+00 LT 90 to Station 


360+10 LT 92 
510 4 - 18 1.7:1 840.2-842.9 R-07-172 


 


8.2.36.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory boring (R-07-172) from the 


Olivewood Avenue grade. Approximate location of boring is shown in Figure 2i. Details are provided in 


the following table. 
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Table 8.2.36.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-172 71.5 Realigned SR-91 356+30 145 864.0 


 


8.2.36.3 Geotechnical Analysis and Design 


8.2.36.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is underlain by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists of medium dense to very dense clayey sand, medium dense silty 


sand and poorly graded sand, and very stiff to hard sandy clay and sandy silt. 


Engineering parameters for the generalized profile are presented in Table 8.2.36.3. 
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Table 8.2.36.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength  Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT N-
value 


Moistur
e 


Content 
(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


864.0-


820.0 
0-44.0 


Alluvium 1 


(Qal1) 


Medium dense to 


very dense clayey 


SAND (SC), 


medium dense silty 


SAND (SM/SP-


SM), very stiff to 


hard sandy CLAY 


(CL) 


12-100 


(35) 


3.5-17.6 


(12.6) 
120 210h 36h 


820.0-


792.5 


44.0-


71.5 


Alluvium 2 


(Qal2) 


Very stiff sandy 


CLAY (CL) and 


sandy SILT (ML), 


interbedded 


medium dense 


poorly graded 


SAND (SP) 


14-27 


(19) 


19.3-


20.1 


(19.7) 


120 
200-360 


(280) 


29-31 


(30) 


Notes: 


a. Profile developed from the existing access road level off Ivy Street. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-
value and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts 
(Peck, Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and 
c’ (Mesri and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and 


φ’ (Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Cohesion and effective friction angle were based on a direct shear test result from boring R-07-174. 


 


8.2.36.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed alluvium, 


respectively. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 
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8.2.36.3.3 Embankments 


We do not anticipate any new fill to be placed for the completion of the proposed soil nail wall. As a 


result, settlement is not a project design issue. 


8.2.36.3.4 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.36.4.  


Table 8.2.36.4 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-172 0-5.0 864.0-859.0 7.7 910 48 105 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.36.4 Soil Nails 


8.2.36.4.1 General 


Soil nails are typically installed in an inclination ranging from 10
o
 to 20


o
 below the horizontal. Nail 


inclination shallower than 10
o
 should be avoided, as the risk of void forming in the grout increases 


significantly for grout holes shallower than 10
o
 below the horizontal. The use of uniform spacing can 


simplify construction and quality control, though due to project-specific geometric constraints, nail 


spacing may need to be irregular. However, the nail spacing should not exceed 6.5 feet under any 


circumstances. Moreover, though the nails can be installed in a staggered pattern, a square pattern is 


preferred for the ease of installation. Geocomposite drainage materials such as Terradrain 101, or 


equivalent, outletting to weepholes should be provided between every vertical soil nail column to 


facilitate drainage behind the shotcrete facing. 


8.2.36.4.2 Internal Stability 


The soil nail manufacturer should verify the internal stability of the soil nail wall for nail and facing 


design. For nails founded into the older alluvium, an allowable pull out resistance of 7.25 pounds per 


square inch (psi) or 273d (d is diameter of nail in inch) pounds per linear foot (plf) using a factor of safety 
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of 2.0 may be used for pre-drilled nails filled with non-pressure grout. However, pull out capacity is most 


realistically evaluated from load tests in the field, as the actual capacity depends on various site-specific 


equipment- and method-related factors. 


8.2.36.4.3 External Stability 


The slope stability analyses were completed for the proposed maximum wall height of 18 feet at Station 


358+50. The parameters used in the slope stability analyses are presented in Table 8.2.36.3. A summary 


of the stability results is presented in Table 8.2.36.5. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the slope stability analysis indicate that factors of safety 


in excess of the commonly accepted minimums of 1.5 and 1.1 under static and seismic condition, 


respectively, for stable slopes can be achieved with a minimum soil nail length of 18 feet. 


Table 8.2.36.5 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


358+50 1.65 1.25 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.36.4.4 Bearing Capacity 


The following Preliminary Shallow Foundation Data Table presents soil bearing pressure. The given 


allowable and ultimate bearing capacities are net values, and these values may be increased by one-third 


for momentary wind or seismic loads. Edge pressure due to any eccentric load should not exceed the 


bearing values given for permanent and temporary loads. 


Table 8.2.36.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Length of Soil 


Nail                
(ft) 


Bottom of 
Excavation 
Elevation       
(ft MSL) Gross Allowable Soil 


Bearing Pressure (qall) 
Ultimate Soil Bearing 


Pressure (qu) 


358+50 18 840.3 22.3 66.9 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 
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8.2.36.4.5 Construction Control 


To better control the quality of wall construction, the soil nail wall are divided into construction control 


zones based on anticipated soil/bedrock conditions. Nail testing schedule should follow the 


recommendations summarized below for each zone and soil/bedrock strata. 


Table 8.2.36.7 - Construction Control 


Nail Testing 


Zone Station 
Length 
(ft) 


Maximu
m 


Height  
(ft) 


Approximate 
Bottom of 
Excavation 


Elevation      (ft 
MSL) 


Anticipated Material 
within Zone 


Average 
Elevation 
of Soil/ 
Bedrock 
Strata    
(ft MSL) 


Proof Test a 
Verification 


Test b 


Clayey Sand (SC) 864-859 0.4% 1 nail 


Sandy Clay (CL)/Sand 


with Silt (SW-SM) 
860-855 1.2% 1 nail 


Clayey Sand (SC) 855-843 0.8% 1 nail 
Zone 1 


355+00 


to 


356+70 


170 18 841.3-842.9 


Sandy Clay (CL)/Sand 


with Silt (SP-SM) 
843-838 0.4% - 


Clayey Sand (SC) 864-860 0.8% 1 nail 


Sandy Clay (CL) 860-853 0.8% - 


Clayey Sand (SC) 853-842 0.8% 1 nail 
Zone 2 


356+70 


to 


358+40 


170 18 840.2-841.3 


Sand with Silt (SP-SM) 842-838 0.4% 1 nail 


Clayey Sand (SC) 868-862 0.4% - 


Sandy Clay (CL) 862-845 1.2% 2 nail Zone 3 


358+40 


to 


360+10 


170 15 840.2 


Silty Sand (SM) 845-838 0.8% 1 nail 


Notes: 


a. Proof tests should be conducted on 8% of total production nails per Caltrans.  


b. As a minimum, two verification tests should be conducted in each soil/bedrock strata per FHWA. 


 


8.2.36.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.36.8 may be used to estimate lateral earth pressures against the soil 


nailed block exerted by retained alluvium. 


Table 8.2.36.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


1.7:1 (H:V) Active 50 
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The recommended value presented in Table 8.2.36.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Lateral pressures resulting from a uniform vertical surcharge behind the wall should be added as a 


horizontal pressure with a rectangular distribution and calculated using a lateral earth pressure coefficient 


of 0.42. Surcharges that are set back behind the wall a horizontal distance greater than the exposed wall 


height do not need to be added to the design pressures. 


8.2.37 Retaining Wall 356 


The retaining wall 356 is soil nail wall. Soil nails are designed in accordance with SNAIL computer 


program developed by Caltrans Division of Materials and Foundations, Geotechnical Engineering 


Circular No. 7 (FHWA A0-IF-03-017), and Manual for Design and Construction Monitoring of Soil Nail 


Walls (FHWA A-SA-96-069R).  


8.2.37.1 Project Description and Site Location 


The project site is located immediately east of Cridge Street Overcrossing (Bridge No. 56-0312) along a 


depressed segment of eastbound SR-91, where the existing freeway surface was constructed up to 30 feet 


below the surrounding street grade. The proposed soil nailed wall alignment is planned from Station 


355+00 to Station 362+00. The freeway surface elevation ranges from approximately 842.5 feet to 840.6 


feet, respectively, at the eastern and western end of the retaining wall. The project alignment relative to 


general topography, streets, and landmark is shown on Figure 2i, Wall Layout and Exploratory Location 


Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.37.1 


below.  


Table 8.2.37.1 - Summary of Proposed Retaining Wall RW 356 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Excavation 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 356 
Station 355+00 RT 92 to Station 


362+00 RT 90 
700 4 - 25 2:1 838.2-840.7 


A-07-171                        


R-07-173 


 


8.2.37.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (A-07-171 and R-07-173) 


from the Surface Street and freeway grade. Approximate locations of borings are shown in Figure 2i. 


Details are provided in the following table. 
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Table 8.2.37.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-171 71.0 Realigned SR-91 356+20 170 874.7 


R-07-173 32.5 Realigned SR-91 359+00 63 840.5 


 


8.2.37.3 Geotechnical Analysis and Design 


8.2.37.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored consists of Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium dense clayey sand, medium stiff to very stiff 


sandy clay and dense silty sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.37.3. 


Table 8.2.37.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength  Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT N-
value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


874.7-


803.7 
0-71 Alluvium 


Medium dense 


clayey SAND (SC), 


medium stiff to very 


stiff sandy CLAY 


(CL), dense to very 


dense SAND with 


silt (SP-SM/SP) 


6-100 


(51) 


1.8-15.4 


(8.9) 
120 310 36 


Notes: 


a. Profile developed from the existing access road level off Ivy Street. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-
value and moisture content. 


c. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


d. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts 
(Peck, Hanson and Thornburn, 1973). 


e. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and 
c’ (Mesri and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


f. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and 


φ’ (Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 
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8.2.37.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.37.3.3 Embankments 


We do not anticipate any new fill to be placed for the completion of the proposed soil nail wall. As a 


result, settlement is not a project design issue. 


8.2.37.3.4 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.37.4.  


Table 8.2.37.4 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


A-07-171 0-5.0 874.7-869.7 6.7 3,800 552 315 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.37.4 Soil Nails 


8.2.37.4.1 General 


Soil nails are typically installed in an inclination ranging from 10
o
 to 20


o
 below the horizontal. Nail 


inclination shallower than 10
o
 should be avoided, as the risk of void forming in the grout increases 


significantly for grout holes shallower than 10
o
 below the horizontal. The use of uniform spacing can 


simplify construction and quality control, though due to project-specific geometric constraints, nail 


spacing may need to be irregular. However, the nail spacing should not exceed 6.5 feet under any 


circumstances. Moreover, though the nails can be installed in a staggered pattern, a square pattern is 


preferred for the ease of installation. Geocomposite drainage materials such as Terradrain 101, or 







SECTIONEIGHT Conclusions and Recommendations 


  8-191 


equivalent, outletting to weepholes should be provided between every vertical soil nail column to 


facilitate drainage behind the shotcrete facing. 


8.2.37.4.2 Internal Stability 


The soil nail manufacturer should verify the internal stability of the soil nail wall for nail and facing 


design. For nails founded into the older alluvium, an allowable pull out resistance of 7.25 pounds per 


square inch (psi) or 273d (d is diameter of nail in inch) pounds per linear foot (plf) using a factor of safety 


of 2.0 may be used for pre-drilled nails filled with non-pressure grout. However, pull out capacity is most 


realistically evaluated from load tests in the field, as the actual capacity depends on various site-specific 


equipment- and method-related factors. 


8.2.37.4.3 External Stability 


The slope stability analyses were completed for the proposed maximum wall height of 25 feet at Station 


355+00. The parameters used in the slope stability analyses are presented in Table 8.2.37.3. A summary 


of the stability results is presented in Table 8.2.37.5. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the slope stability analysis indicate that factors of safety 


in excess of the commonly accepted minimums of 1.5 and 1.1 under static and seismic condition, 


respectively, for stable slopes can be achieved with a minimum soil nail length of 20 feet. 


Table 8.2.37.5 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


355+00 1.64 1.26 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.37.4.4 Bearing Capacity 


The following Preliminary Shallow Foundation Data Table presents soil bearing pressure. The given 


allowable and ultimate bearing capacities are net values, and these values may be increased by one-third 


for momentary wind or seismic loads. Edge pressure due to any eccentric load should not exceed the 


bearing values given for permanent and temporary loads. 
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Table 8.2.37.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Length of Soil 


Nail                
(ft) 


Bottom of 
Excavation 
Elevation       
(ft MSL) Gross Allowable Soil 


Bearing Pressure (qall) 
Ultimate Soil Bearing 


Pressure (qu) 


355+00 20 838.2 26.7 80.1 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 


 


8.2.37.4.5 Construction Control 


To better control the quality of wall construction, the soil nail wall are divided into construction control 


zones based on anticipated soil/bedrock conditions. Nail testing schedule should follow the 


recommendations summarized below for each zone and soil/bedrock strata.  
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Table 8.2.37.7 - Construction Control 


Nail Testing 


Zone Station 
Length 
(ft) 


Maximum 
Height  
(ft) 


Approximate 
Bottom of 
Excavation 
Elevation      
(ft MSL) 


Anticipated Material 
within Zone 


Average 
Elevation 
of Soil/ 
Bedrock 
Strata    
(ft MSL) 


Proof Test a 
Verification 


Test b 


Clay with Sand (CL) 875-866 0.4% 1 nail 


Clayey Sand (SC) 866-847 0.4% 1 nail 


Sandy Silt (ML) 847-840 0.8% 1 nail 
Zone 1 


355+00 


to 


356+50 


150 25 838.2-839.4 


Sand with Silt (SP-SM) 840-835 0.4% - 


Clay with Sand (CL) 875-866 0.4% 1 nail 


Clayey Sand (SC) 866-846 0.4% - 


Sandy Silt (ML) 846-841 0.4% 1 nail 
Zone 2 


356+50 


to 


358+00 


150 20 839.4-839.6 


Sand with Silt (SP-SM) 841-835 0.4% 1 nail 


Clay with Sand (CL) 875-868 0.4% - 


Clayey Sand (SC) 868-848 0.8% 1 nail Zone 3 


358+00 


to 


359+50 


150 20 839.6-839.9 


Silty Sand (SM/SP-SM) 848-838 0.8% 1 nail 


Clay with Sand (CL) 875-870 - - 


Clayey Sand (SC) 870-850 0.8% - Zone 4 


359+50 


to 


361+00 


150 20 839.9-840.2 


Silty Sand (SM/SP-SM) 850-830 0.4% 1 nail 


Clay with Sand (CL) 875-870 - - 


Clayey Sand (SC) 870-850 0.8% - Zone 5 


361+00 


to 


362+00 


100 20 840.2-840.7 


Silty Sand (SM/SP-SM) 850-830 0.4% - 


Notes: 


a. Proof tests should be conducted on 8% of total production nails per Caltrans.  


b. As a minimum, two verification tests should be conducted in each soil/bedrock strata per FHWA. 


 


8.2.37.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.37.8 may be used to estimate lateral earth pressures against the soil 


nailed block exerted by retained alluvium. 


Table 8.2.37.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


2:1 (H:V) Active 43 
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The recommended value presented in Table 8.2.37.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Lateral pressures resulting from a uniform vertical surcharge behind the wall should be added as a 


horizontal pressure with a rectangular distribution and calculated using a lateral earth pressure coefficient 


of 0.36. Surcharges that are set back behind the wall a horizontal distance greater than the exposed wall 


height do not need to be added to the design pressures. 


8.2.38 Retaining Wall and Soundwall 357 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. Caltrans standard 


Type 1SW or Type 1 SWB retaining wall is not feasible because of the sloping retained alluvium. The 


standard wall type is only applicable to level backfill condition. As a result, the retaining wall on which 


the soundwall is supported should be a special design wall on shallow foundations. 


8.2.38.1 Project Description and Site Location 


The project site is located east of the Cridge Street Overcrossing (Bridge No. 56-0312) along westbound 


State Route 91 (SR-91), where the existing freeway surface was constructed up to approximately 26 feet 


below the surrounding street grade. The proposed retaining wall with soundwall alignment is planned 


from Station 360+10 to Station 364+55 on the south-facing descending slope. The freeway surface 


elevation ranges from approximately 842.2 feet to 841.3 feet, respectively, at the eastern and western end 


of the retaining wall. The project alignment relative to general topography, streets, and landmark is shown 


on Figure 2i, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, a sixteen feet high soundwall constructed of masonry blocks will 


be mounted on a retaining wall. The retaining wall particulars are summarized in Table 1 below. The 


location of the retaining wall is shown on Figure 2.  


Table 8.2.38.1 - Summary of Proposed Retaining Wall RW & SW 357 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW & SW 


357 


Station 360+10 LT 95 to Station 


364+55 LT 123 
445 6 - 28 1.5:1 to Level 837.0-838.0 


R-07-174                         


R-07-176 
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8.2.38.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-174 and R-07-176) 


from the surface street grade. Approximate locations of borings are shown in Figure 2i. Details are 


provided in the following table. 


Table 8.2.38.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-174 71.5 Realigned SR-91 361+00 155 867.4 


R-07-176 72.4 Realigned SR-91 365+55 145 863.5 


 


8.2.38.3 Geotechnical Analysis and Design 


8.2.38.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location to maximum depths explored is Holocene and Pleistocene age, 


unconsolidated alluvial deposits. The alluvium consists primarily of medium dense to very dense clayey 


sand and silty sand and stiff to hard sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.38.3. 
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Table 8.2.38.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


Alluvium 1 


Qal1 


Medium dense to 


very dense clayey 


SAND (SC) and 


silty SAND (SM/SP-


SM/SP) 


17-


100 


(34) 


0.8-17.8 


(10.0) 
120 210 36 


800-


1,400 


(1,100) 
867.4-


791.1 


 


0-76 


 


Alluvium 2 


Qal2 


Stiff to hard sandy 


CLAY (CL) 


20-


100 


(35) 


11.6-16.4 


(14.0) 
120 


250-550 


(450) 


30-33 


(31) 


1,000-


2,000 


(1,500) 


Notes: 


a. Profile developed from Olivewood Avenue and Mulberry Street level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.38.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.38.3.3 Temporary Shoring 


Shoring should be used where there is insufficient space for open excavations, cuts in excess of 20 feet, or 


unsafe conditions are anticipated. Caltrans Trenching and Shoring Manual should be consulted for 


shoring design. 


The design lateral earth pressure may be computed by assuming a unit weight of 120 pcf and a friction 


angel of 36 degrees for the retained alluvium. 
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8.2.38.3.4 Embankments 


Backfill on the order of 4 to 28 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to very dense clayey sand 


and silty sand and stiff to hard sandy clay. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.38.3. Immediate settlement is estimated to be about 0.4 to 1.5 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.38.3.5 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 28 feet at Station 


364+50. The parameters used in the slope stability analyses are presented in Table 8.2.38.3. A summary 


of the stability results is presented in Table 8.2.38.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.38.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


364+50 2.49 2.05 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.38.3.6 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.38.5.  
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Table 8.2.38.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-176 11.5 852.0 7.6 1,400 ND 120 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.38.4 Shallow Foundations 


8.2.38.4.1 Bearing Capacity 


Foundations of the retaining walls should be founded at least 3 feet below the lowest adjacent grade with 


a minimum setback of 4 feet from the face of any slopes (measured from top of foundations to slope 


face). To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining wall. 


The following Preliminary Shallow Foundation Data Table presents our preliminary recommendations for 


the retaining wall foundations. The given allowable and ultimate bearing capacities are net values, and 


these values may be increased by one-third for momentary wind or seismic loads. Edge pressure due to 


any eccentric load should not exceed the bearing values given for permanent and temporary loads. 
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Table 8.2.38.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Footing Width 


(ft) 


Bottom of 
Base 


Elevationc      
(ft MSL) Gross Allowable Soil 


Bearing Pressure (qall) 
Ultimate Soil Bearing 


Pressure (qu) 


8.0 4.5 13.5 


10.25 5.0 15.0 


13.0 6.0 18.0 


16.5 6.5 19.5 


RW & SW 


357 


20.0 


 


 


837.0-838.0 


 


 7.5 22.5 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 


 


Total and differential settlements of less than 1.5 and ¾  inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.38.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 375 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.38 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.38.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.38.7 may be used to estimate lateral earth pressures against retaining 


walls exerted by retained alluvium. An additional seismic lateral earth pressure in the form of an inverted 


triangle as presented in Table 8.2.38.7 should be added to the design static active earth pressure for 


seismic design. 
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Table 8.2.38.7 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


1.5:1 (H:V) Active 84 


Active 34 
Level 


Seismic 7 


 


The recommended value presented in Table 8.2.38.7 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 and 0.70 for retained level and sloping alluvium. 


Surcharges that are set back behind the wall a horizontal distance greater than the exposed wall height do 


not need to be added to the design pressures. 


8.2.39 Retaining Wall 362 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.39.1 Project Description and Site Location 


The project site is located immediately west of Fourteenth Street Overcrossing (Bridge No. 56-0313) 


along a depressed segment of eastbound SR-91, where the existing freeway surface was constructed up to 


28 feet below the surrounding street grade. The proposed Type 1 wall alignment is planned from Station 


362+00 to Station 373+50 along the toe of the north facing ascending slope at the realigned eastbound 


SR-91 14
th
 Street off-ramp. The freeway surface elevation ranges from approximately 844.3 feet to 842.5 


feet, respectively, at the eastern and western end of the retaining wall. The project alignment relative to 


general topography, streets, and landmark is shown on Figures 2i and 2j, Wall Layout and Exploratory 


Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.39.1 


below.  
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Table 8.2.39.1 - Summary of Proposed Retaining Wall RW 362 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 362 
Station 362+00 RT 90 to Station 


373+50 RT 194 
1,150 4 - 32 2:1 to Level 837.0-861.0 


R-07-175                          


R-07-177 


 


8.2.39.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-175 and R-07-177) 


from the Vine Street grade. Approximate locations of borings are shown in Figures 2i and 2j. Details are 


provided in the following table. 


Table 8.2.39.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-175 61.5 Realigned SR-91 363+90 135 870.0 


R-07-177 31.5 Realigned SR-91 369+00 210 868.0 


 


8.2.39.3 Geotechnical Analysis and Design 


8.2.39.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium dense to very dense silty sand and clayey 


sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.39.3. 
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Table 8.2.39.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


870.0-


808.5 
0-62 Alluvium 


Medium dense to 


very dense silty 


SAND (SM/SP-


SM), clayey SAND 


(SC) 


10-


100 


(52) 


4.6-19.1 


(13.8) 
120 210 h 36 h 


800-


1,400 


(1,100) 


Notes: 


a. Profile developed from EB off-ramp to 14
th
 Street level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


i. Cohesion and effective friction angle were based on a direct shear test result from boring R-07-174. 


 


8.2.39.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type C can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.39.3.3 Temporary Shoring 


Shoring should be used where there is insufficient space for open excavations, cuts in excess of 20 feet, or 


unsafe conditions are anticipated. Caltrans Trenching and Shoring Manual should be consulted for 


shoring design. 


The design lateral earth pressure may be computed by assuming a unit weight of 120 pcf and a friction 


angle of 36 degrees for the retained alluvium. 
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8.2.39.3.4 Embankments 


Backfill on the order of 4 to 32 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to very dense silty sand and 


clayey sand with occasional stiff to hard sandy lean clay.  


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.39.3. Immediate settlement is estimated to be about 0.3 to 1.7 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary. 


8.2.39.3.5 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 32 feet at Station 


367+00. The parameters used in the slope stability analyses are presented in Table 8.2.39.3. A summary 


of the stability results is presented in Table 8.2.39.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.39.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


367+00 2.48 2.03 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.39.3.6 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.39.5.  
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Table 8.2.39.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-177 0-5.0 868.0-863.0 6.6 1,500 198 150 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.39.4 Shallow Foundations 


8.2.39.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 2 and 1 inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.39.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 460 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.44 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.39.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.39.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by retained alluvium. 
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Table 8.2.39.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


2:1 (H:V) Active 49 


 


The recommended value presented in Table 8.2.39.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 and 0.41 for retained level and sloping alluvium. 


Surcharges that are set back behind the wall a horizontal distance greater than the exposed wall height do 


not need to be added to the design pressures. 


8.2.40 Retaining Wall 365 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.40.1 Project Description and Site Location 


The project site is located west of the 14
th
 Street Overcrossing (Bridge No. 56-0313) along westbound 


SR-91, where the existing freeway surface was constructed up to 22 feet below the surrounding street 


grade. The proposed Type 1 wall alignment is planned from Station 364+55 to Station 370+00 along the 


westbound on-ramp from 14
th
 Street through Kane Street and Mulberry Street. The freeway surface 


elevation ranges from approximately 843.1 feet to 842.2 feet, respectively, at the eastern and western end 


of the retaining wall. The project alignment relative to general topography, streets, and landmark is shown 


on Figure 2i, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.40.1 


below.  
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Table 8.2.40.1 - Summary of Proposed Retaining Wall RW 365 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 365 
Station 364+55 LT 128 to Station 


370+00 LT 162 
545 4 - 27 Level 839.3-856.7 


R-07-176                              


R-07-179                


 


8.2.40.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-176 and R-07-179) 


from the Mulberry Street and Kane Street grade. Approximate locations of borings are shown in Figure 


2i. Details are provided in the following table. 


Table 8.2.40.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-176 72.4 Realigned SR-91 365+55 145 863.5 


R-07-179 31.5 Realigned SR-91 369+50 120 858.0 


 


8.2.40.3 Geotechnical Analysis and Design 


8.2.40.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of a mixture of medium dense to very dense silty sand 


and clayey sand with interbedded very stiff to hard sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.40.3. 
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Table 8.2.40.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


863.5-


791.1 
0-72 Alluvium 


Medium dense to 


very dense silty 


SAND (SM/SP-


SM/SP) and clayey 


SAND (SC/SW-


SC/SC-SM) with 


interbedded very 


stiff to hard sandy 


CLAY (CL) 


20-


100 


(39) 


6.2-15.3 


(11.1) 
120 210 h 36 h 


800-1400 


(1100) 


Notes: 


a. Profile developed from westbound on-ramp and Olivewood Avenue roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


i. Cohesion and effective friction angle were based on a direct shear test result from boring R-07-174. 


 


8.2.40.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.40.3.3 Temporary Shoring 


Shoring should be used where there is insufficient space for open excavations, cuts in excess of 20 feet, or 


unsafe conditions are anticipated. Caltrans Trenching and Shoring Manual should be consulted for 


shoring design. 
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The design lateral earth pressure may be computed by assuming a unit weight of 120 pcf and a friction 


angle of 36 degrees for the retained alluvium. 


8.2.40.3.4 Embankments 


Backfill on the order of 4 to 27 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of dense to very dense silty sand and clayey 


sand interbedded with very stiff to hard lean clay. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.40.3. Immediate settlement is estimated to be about 0.2 to 1.3 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.40.3.5 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 27 feet at Station 


365+00. The parameters used in the slope stability analyses are presented in Table 8.2.40.3. A summary 


of the stability results is presented in Table 8.2.40.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.40.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


365+00 2.37 1.97 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.40.3.6 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.40.5.  
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Table 8.2.40.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-176 11.5 852.0 7.6 1,400 ND 120 


R-07-179 0-5.0 858.0-853.0 8.0 3,800 63 105 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.40.4 Shallow Foundations 


8.2.40.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1.5 and ¾ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.40.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 460 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.44 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 
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8.2.40.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.40.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by retained alluvium. 


Table 8.2.40.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.40.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30. Surcharges that are set back behind the wall a horizontal 


distance greater than the exposed wall height do not need to be added to the design pressures. 


 


8.2.41 Retaining Wall 369 


The retaining wall 369 is soil nail wall. Soil nails are designed in accordance with SNAIL computer 


program developed by Caltrans Division of Materials and Foundations, Geotechnical Engineering 


Circular No. 7 (FHWA A0-IF-03-017), and Manual for Design and Construction Monitoring of Soil Nail 


Walls (FHWA A-SA-96-069R).  


8.2.41.1 Project Description and Site Location 


The project site is located immediately west of Fourteenth Street along a depressed segment of SR-91, 


where the existing freeway surface was constructed up to 17 feet below the surrounding street grade. The 


proposed soil nailed wall alignment is planned from Station 368+00 to Station 373+80 on the south-


facing ascending slope between the northern abutment of the Fourteenth Street Overcrossing (Bridge No. 


56-0313) and the realigned westbound on-ramp from Kane Street and Mulberry Street. The freeway 


surface elevation ranges from approximately 844.3 feet to 843.4 feet, respectively, at the eastern and 


western end of the retaining wall. The project alignment relative to general topography, streets, and 


landmark is shown on Figures 2i and 2j, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.41.1 


below.  
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Table 8.2.41.1 - Summary of Proposed Retaining Wall RW 369 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Excavation 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 369 
Station 367+00 LT 79 to Station 


373+80 LT 90 
680 4 - 9 5:1 841.0-843.0 A/R-07-181 


 


8.2.41.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory borings (A/R-07-181) from the on-


ramp grade. Approximate locations of borings are shown in Figures 2i and 2j. Details are provided in the 


following table. 


Table 8.2.41.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A/R-07-181 70.9 Realigned SR-91 372+10 120 862.0 


 


8.2.41.3 Geotechnical Analysis and Design 


8.2.41.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is underlain by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of dense to very dense clayey sand, poorly graded sand, 


and very stiff to hard sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.41.3. 
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Table 8.2.41.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength  Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT N-
value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


862.0-


791.2 
0-71 Alluvium 


Dense to very 


dense clayey 


SAND (SC), very 


stiff to hard sandy 


CLAY (CL), 


medium dense to 


very dense poorly 


graded SAND 


(SP/SP-SM) 


21-100 


(41) 


3-22.2 


(9.7) 
125 


400-700 


(550) 


33-36           


(35) 


Notes: 


a. Profile developed from the existing access road level off Ivy Street. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-
value and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts 
(Peck, Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and 
c’ (Mesri and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and 


φ’ (Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


 


 


8.2.41.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.41.3.3 Embankments 


We do not anticipate any new fill to be placed for the completion of the proposed soil nail wall. As a 


result, settlement is not a project design issue. 
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8.2.41.3.4 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.41.4.  


Table 8.2.41.4 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


AR-07-181 0-5.0 862.0-857.0 7.9 2,100 54 90 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.41.4 Soil Nails 


8.2.41.4.1 General 


Soil nails are typically installed in an inclination ranging from 10
o
 to 20


o
 below the horizontal. Nail 


inclination shallower than 10
o
 should be avoided, as the risk of void forming in the grout increases 


significantly for grout holes shallower than 10
o
 below the horizontal. The use of uniform spacing can 


simplify construction and quality control, though due to project-specific geometric constraints, nail 


spacing may need to be irregular. However, the nail spacing should not exceed 6.5 feet under any 


circumstances. Moreover, though the nails can be installed in a staggered pattern, a square pattern is 


preferred for the ease of installation. To better control the quality of wall construction, the soil nail wall 


are divided into construction control zones based on anticipated soil/bedrock conditions. Nail testing 


schedule should follow the recommendations summarized below for each zone and soil/bedrock strata. 


8.2.41.4.2 Internal Stability 


The soil nail manufacturer should verify the internal stability of the soil nail wall for nail and facing 


design. For nails founded into the older alluvium, an allowable pull out resistance of 7.25 pounds per 


square inch (psi) or 273d (d is diameter of nail in inch) pounds per linear foot (plf) using a factor of safety 


of 2.0 may be used for pre-drilled nails filled with non-pressure grout. However, pull out capacity is most 


realistically evaluated from load tests in the field, as the actual capacity depends on various site-specific 


equipment- and method-related factors. 
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8.2.41.4.3 External Stability 


The slope stability analyses were completed for the proposed maximum wall height of 9 feet at Station 


369+50. The parameters used in the slope stability analyses are presented in Table 8.2.41.3. A summary 


of the stability results is presented in Table 8.2.41.5. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the slope stability analysis indicate that factors of safety 


in excess of the commonly accepted minimums of 1.5 and 1.1 under static and seismic condition, 


respectively, for stable slopes can be achieved with a minimum soil nail length of 6 feet. 


Table 8.2.41.5 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


369+50 3.78 2.93 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.41.4.4 Bearing Capacity 


The following Preliminary Shallow Foundation Data Table presents soil bearing pressure. The given 


allowable and ultimate bearing capacities are net values, and these values may be increased by one-third 


for momentary wind or seismic loads. Edge pressure due to any eccentric load should not exceed the 


bearing values given for permanent and temporary loads. 


Table 8.2.41.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Length of Soil 


Nail                
(ft) 


Bottom of 
Excavation 
Elevation       
(ft MSL) Gross Allowable Soil 


Bearing Pressure (qall) 
Ultimate Soil Bearing 


Pressure (qu) 


369+50 6 842.5 14.7 44.0 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 
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8.2.41.4.5 Construction Control 


To better control the quality of wall construction, the soil nail wall are divided into construction control 


zones based on anticipated soil/bedrock conditions. Nail testing schedule should follow the 


recommendations summarized below for each zone and soil/bedrock strata. 


Table 8.2.41.7 - Construction Control 


Nail Testing 


Zone Station 
Length 
(ft) 


Maximum 
Height  
(ft) 


Approximate 
Bottom of 
Excavation 
Elevation      
(ft MSL) 


Anticipated Material 
within Zone 


Average 
Elevation 
of Soil/ 
Bedrock 
Strata    
(ft MSL) 


Proof Test a 
Verification 


Test b 


Sandy Clay (CL) 863-853 0.8% 1 nail 


Clayey Sand (SC)/Silty 


Sand (SM)/Sandy Clay 


(CL) 


853-846 1.2% 2 nail Zone 1 


367+00 


to 


368+70 


170 4 841.0-841.8 


Sand with Clay (SW-SC) 850-835 0.8% 1 nail 


Sandy Clay (CL) 858-583 - 1 nail 


Clayey Sand (SC) 853-849 - - Zone 2 


368+70 


to 


370+40 


170 9 842.0-842.3 


Sand with Clay (SW-SC) 849-835 0.4% 1 nail 


Clayey Sand (SC) 862-858 0.4% - 


Sandy Clay (CL) 858-853 0.4% 1 nail 


Clayey Sand (SC) 853-848 0.4% 1 nail 


Sandy Clay (CL) 848-843 0.4% - 


Zone 3 


370+40 


to 


372+10 


170 9 842.0-842.5 


Sand with Silt (SP-SM) 843-835 0.8% 1 nail 


Clayey Sand (SC) 862-856 0.4% - 


Sandy Clay (CL) 856-850 0.4% - 


Clayey Sand (SC) 850-846 0.4% 1 nail 


Sandy Clay (CL) 846-842 0.4% 1 nail 


Zone 4 


372+10 


to 


373+80 


170 4 842.5-843.0 


Sand with Silt (SP-SM) 842-835 0.8% 1 nail 


Notes: 


a. Proof tests should be conducted on 8% of total production nails per Caltrans.  


b. As a minimum, two verification tests should be conducted in each soil/bedrock strata per FHWA. 


 


8.2.41.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.41.8 may be used to estimate lateral earth pressures against the soil 


nailed block exerted by retained alluvium. 
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Table 8.2.41.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


5:1 Active 36 


 


The recommended value presented in Table 8.2.41.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Lateral pressures resulting from a uniform vertical surcharge behind the wall should be added as a 


horizontal pressure with a rectangular distribution and calculated using a lateral earth pressure coefficient 


of 0.28. Surcharges that are set back behind the wall a horizontal distance greater than the exposed wall 


height do not need to be added to the design pressures. 


8.2.42 Retaining Wall 370 


The retaining wall 370 is soil nail wall. Soil nails are designed in accordance with SNAIL computer 


program developed by Caltrans Division of Materials and Foundations, Geotechnical Engineering 


Circular No. 7 (FHWA A0-IF-03-017), and Manual for Design and Construction Monitoring of Soil Nail 


Walls (FHWA A-SA-96-069R).  


8.2.42.1 Project Description and Site Location 


The project site is located immediately west of Fourteenth Street OVercrossing (Bridge No. 56-0313) 


along a depressed segment of SR-91, where the existing freeway surface was constructed up to 25 feet 


below the surrounding street grade. The proposed soil nailed wall alignment is planned from Station 


369+50 to Station 373+80 on the north-facing descending slope below the realigned eastbound off-ramp 


to Fourteenth Street. The freeway surface elevation ranges from approximately 844.3 feet to 843.1 feet, 


respectively, at the eastern and western end of the retaining wall. The project alignment relative to general 


topography, streets, and landmark is shown on Figure 2j, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.42.1 


below.  


Table 8.2.42.1 - Summary of Proposed Retaining Wall RW 370 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Excavation 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 370 
Station 369+50 RT 103 to Station 


373+80 RT 113 
430 4 - 23 2:1 841.5-842.3 


R-07-178              


R-07-180 
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8.2.42.2 Field Exploration 


The field exploration program consisted of drilling two (2) exploratory borings (R-07-178, R-07-180) 


from the off-ramp grade. Approximate locations of borings are shown in Figure 2j. Details are provided in 


the following table. 


Table 8.2.42.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-178 70.8 Realigned SR-91 370+75 108 858.8 


R-07-180 32.5 Realigned SR-91 373+10 141 866.5 


 


8.2.42.3 Geotechnical Analysis and Design 


8.2.42.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is underlain by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium dense to very dense clayey sand and silty 


sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.42.3. 


Table 8.2.42.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength  Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT N-
value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


858.8-


788.0 
0-71 Alluvium 


Medium dense to 


very dense clayey 


SAND (SC) and 


silty SAND (SM/SP-


SM) 


23-100 


(41) 


4.0-21.3 


(13.5) 
125 220 35 


Notes: 


a. Profile developed from the existing access road level off Ivy Street. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-
value and moisture content. 


c. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


d. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts 
(Peck, Hanson and Thornburn, 1973). 


e. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and 
c’ (Mesri and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


f. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and 


φ’ (Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 
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8.2.42.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed alluvium. It should 


be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on engineering 


classifications of material encountered in widely spaced explorations. The contractor should have a 


geotechnical or geological professional evaluate the soil conditions encountered during excavation to 


determine permissible temporary slope inclinations. 


8.2.42.3.3 Embankments 


We do not anticipate any new fill to be placed for the completion of the proposed soil nail wall. As a 


result, settlement is not a project design issue. 


8.2.42.3.4 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.42.4.  


Table 8.2.42.4 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-180 0-5.0 866.5-861.5 8.3 5,500 240 270 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.42.4 Soil Nails 


8.2.42.4.1 General 


Soil nails are typically installed in an inclination ranging from 10
o
 to 20


o
 below the horizontal. Nail 


inclination shallower than 10
o
 should be avoided, as the risk of void forming in the grout increases 


significantly for grout holes shallower than 10
o
 below the horizontal. The use of uniform spacing can 


simplify construction and quality control, though due to project-specific geometric constraints, nail 


spacing may need to be irregular. However, the nail spacing should not exceed 6.5 feet under any 


circumstances. Moreover, though the nails can be installed in a staggered pattern, a square pattern is 


preferred for the ease of installation. Geocomposite drainage materials such as Terradrain 101, or 
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equivalent, outletting to weepholes should be provided between every vertical soil nail column to 


facilitate drainage behind the shotcrete facing. 


8.2.42.4.2 Internal Stability 


The soil nail manufacturer should verify the internal stability of the soil nail wall for nail and facing 


design. For nails founded into the older alluvium, an allowable pull out resistance of 7.25 pounds per 


square inch (psi) or 273d (d is diameter of nail in inch) pounds per linear foot (plf) using a factor of safety 


of 2.0 may be used for pre-drilled nails filled with non-pressure grout. However, pull out capacity is most 


realistically evaluated from load tests in the field, as the actual capacity depends on various site-specific 


equipment- and method-related factors. 


8.2.42.4.3 External Stability 


The slope stability analyses were completed for the most critical section with wall height of 23 feet at 


Station 373+50. Another slope stability analyses were also performed at Station 373+00 with wall height 


of 10 feet and cut slope of height around 15 feet at a gradient of 2:1 (H:V) above the crest of the wall. The 


parameters used in the slope stability analyses are presented in Table 8.2.42.3. A summary of the stability 


results is presented in Table 8.2.42.5. Appendix C provides computer output and graphical results of the 


slope stability analyses. Results of the slope stability analysis indicate that factors of safety in excess of 


the commonly accepted minimums of 1.5 and 1.1 under static and seismic condition, respectively, for 


stable slopes can be achieved with a minimum soil nail length of 18 feet at section 373+50 and 6 feet at 


section 373+00. 


Table 8.2.42.5 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


373+00 1.61 1.26 


373+50 1.62 1.23 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.42.4.4 Bearing Capacity 


The following Preliminary Shallow Foundation Data Table presents soil bearing pressure. The given 


allowable and ultimate bearing capacities are net values, and these values may be increased by one-third 


for momentary wind or seismic loads. Edge pressure due to any eccentric load should not exceed the 


bearing values given for permanent and temporary loads. 
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Table 8.2.42.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Length of Soil 


Nail                
(ft) 


Bottom of 
Excavation 
Elevation       
(ft MSL) Gross Allowable Soil 


Bearing Pressure (qall) 
Ultimate Soil Bearing 


Pressure (qu) 


373+00 6 841.5 9.4 28.1 


373+50 18 842.3 20.5 61.5 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 


 


8.2.42.4.5 Construction Control 


To better control the quality of wall construction, the soil nail wall are divided into construction control 


zones based on anticipated soil/bedrock conditions. Nail testing schedule should follow the 


recommendations summarized below for each zone and soil/bedrock strata. 


Table 8.2.42.7 - Construction Control  


Nail Testing 


Zone Station 
Length 
(ft) 


Maximum 
Height  
(ft) 


Approximate 
Bottom of 
Excavation 
Elevation      
(ft MSL) 


Anticipated Material 
within Zone 


Average 
Elevation 
of Soil/ 
Bedrock 
Strata    
(ft MSL) 


Proof Test a 
Verification 


Test b 


Sandy Clay (CL) 868-863 0.8% 2 nail 


Clayey Sand (SC) 863-845 0.8% 1 nail Zone 1 


369+50 


to 


371+00 


150 8 842.0-842.3 


Silty Sand (SM) 845-840 1.6% 1 nail 


Clayey Sand (SC) 860-845 1.6% 1 nail 


Zone 2 


371+00 


to 


372+50 


150 11 842.3 
Silty Sand (SM) 845-840 0.8% - 


Clayey Sand (SC) 867-845 2.0% 1 nail 


Zone 3 


372+50 


to 


373+80 


130 23 841.5-842.3 
Silty Sand (SM) 845-840 0.4% 1 nail 


Notes: 


a. Proof tests should be conducted on 8% of total production nails per Caltrans.  


b. As a minimum, two verification tests should be conducted in each soil/bedrock strata per FHWA. 
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8.2.42.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.42.8 may be used to estimate lateral earth pressures against the soil 


nailed block exerted by retained alluvium. 


Table 8.2.42.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


2:1 (H:V) Active 48 


 


The recommended value presented in Table 8.2.42.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Lateral pressures resulting from a uniform vertical surcharge behind the wall should be added as a 


horizontal pressure with a rectangular distribution and calculated using a lateral earth pressure coefficient 


of 0.27 and 0.38 for retained level and sloping alluvium. Surcharges that are set back behind the wall a 


horizontal distance greater than the exposed wall height do not need to be added to the design pressures. 


8.2.43 Retaining Wall 375 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.43.1 Project Description and Site Location 


The project site is located immediately east of 14
th
 Street Overcrossing (Bridge No. 56-0313) along an 


depressed segment of westbound SR-91, where the existing freeway surface was constructed up to 19 feet 


below the surrounding street grade. The retaining wall alignment is planned from Station 375+00 to 


Station 380+20 along the south side of the proposed realigned Mulberry Street off-ramp to be constructed 


on embankment which is to be constructed up to 29 feet above freeway grade. The freeway surface 


elevation ranges from approximately 846.8 feet and 844.3 feet, respectively, at the eastern and western 


end of the retaining wall. The project alignment relative to general topography, streets, and landmark is 


shown on Figure 2j, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.43.1 


below.  
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Table 8.2.43.1 - Summary of Proposed Retaining Wall RW 375 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 375 
Station 375+00 RT 90 to Station 


380+20 RT 91 
520 4 - 32 2.5:1 to Level 843.0-845.0 R-07-183 


 


8.2.43.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory boring (R-07-183) from the 


Mulberry Street grade. Approximate location of boring is shown in Figure 2j. Details are provided in the 


following table. 


Table 8.2.43.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-183 65.0 Realigned SR-91 377+75 175 860.5 


 


8.2.43.3 Subsurface Conditions 


The subject site at the locations explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium dense to very dense clayey sand and silty 


sand with interbedded stiff to very stiff sandy clay. 


8.2.43.4 Geotechnical Analysis and Design 


8.2.43.4.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium dense to very dense clayey sand and silty 


sand with interbedded stiff to very stiff sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.43.3. 
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Table 8.2.43.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


860.5-


795.5 
0-65 Alluvium 


Medium dense to 


very dense clayey 


SAND (SC) and 


silty SAND (SM/SP-


SM/SP) with 


interbedded stiff to 


very stiff sandy 


CLAY (CL) 


14-


100 


(45) 


5.9-25.8 


(13.7) 
120 200 37 


800-1400 


(1100) 


Notes: 


a. Profile developed from Mulberry Street level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.43.4.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed alluvium. It should 


be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on engineering 


classifications of material encountered in widely spaced explorations. The contractor should have a 


geotechnical or geological professional evaluate the soil conditions encountered during excavation to 


determine permissible temporary slope inclinations. 


8.2.43.4.3 Embankments 


Backfill on the order of 4 to 32 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to very dense clayey sand 


and silty sand with occasional stiff to very stiff sandy clay. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.43.3. Immediate settlement is estimated to be about 0.3 to 1.7 
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inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary. 


8.2.43.4.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 32 feet at Station 


380+00. The parameters used in the slope stability analyses are presented in Table 8.2.43.3. A summary 


of the stability results is presented in Table 8.2.43.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.43.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


380+00 2.17 1.85 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.43.4.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.43.5.  


Table 8.2.43.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-183 0-5.0 860.5-855.5 7.6 3,100 ND 90 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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8.2.43.5 Shallow Foundations 


8.2.43.5.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 2 and 1inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.43.5.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 480 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.45 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.43.6 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.43.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.43.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


2.5:1 (H:V) Active 42 


Level Active 34 


 


The recommended value presented in Table 8.2.43.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 and 0.35 for level and sloping backfill. Surcharges that 


are set back behind the wall a horizontal distance greater than the exposed wall height do not need to be 


added to the design pressures. 
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8.2.44 Retaining Wall 376 


The retaining wall 376 is soil nail wall. Soil nails are designed in accordance with SNAIL computer 


program developed by Caltrans Division of Materials and Foundations, Geotechnical Engineering 


Circular No. 7 (FHWA A0-IF-03-017), and Manual for Design and Construction Monitoring of Soil Nail 


Walls (FHWA A-SA-96-069R).  


8.2.44.1 Project Description and Site Location 


The project site is located immediately east of Fourteenth Street Overcrossing (Bridge No. 56-0313) 


along a depressed segment of SR-91, where the existing freeway surface was constructed up to 21 feet 


below the surrounding street grade. The proposed soil nailed wall alignment is planned from Station 


375+00 to Station 377+00 on the north-facing descending slope below realigned eastbound on-ramp from 


Fourteenth Street. The freeway surface elevation ranges from approximately 846.0 feet to 844.5 feet, 


respectively, at the eastern and western end of the retaining wall. The project alignment relative to general 


topography, streets, and landmark is shown on Figure 2j, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.44.1 


below.  


Table 8.2.44.1 - Summary of Proposed Retaining Wall RW 376 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Excavation 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 376 
Station 375+00 RT 128 to Station 


377+24 RT 146 
224 4 - 24 Level 842.0-843.0 R-07-182 


 


8.2.44.2 Field Exploration 


The field exploration program consisted of drilling one (1) exploratory borings (R-07-182) from the on-


ramp grade. Approximate location of boring is shown in Figure 2j. Details are provided in the following 


table. 


Table 8.2.44.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-182 70.9 Realigned SR-91 376+55 152 865.3 


 







SECTIONEIGHT Conclusions and Recommendations 


  8-227 


8.2.44.3 Geotechnical Analysis and Design 


8.2.44.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is underlain by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium dense to dense clayey sand, hard sandy clay, 


and very dense poorly graded sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.44.3. 


Table 8.2.44.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength  Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT N-
value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


865.3-


794.4 
0-71 Alluvium 


Medium dense to 


dense clayey 


SAND (SC), hard 


sandy CLAY (CL), 


very dense poorly 


graded SAND 


(SP/SM) 


16-100 


(34) 


9.5-23.1 


(15.8) 
125 


150-350 


(250) 


30-38 


(34) 


Notes: 


a. Profile developed from the existing access road level off Ivy Street. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-
value and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts 
(Peck, Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and 
c’ (Mesri and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and 


φ’ (Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


 


 


8.2.44.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 
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8.2.44.3.3 Embankments 


We do not anticipate any new fill to be placed for the completion of the proposed soil nail wall. As a 


result, settlement is not a project design issue. 


8.2.44.3.4 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.44.4.  


Table 8.2.44.4 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


R-07-182 10 854.8 7.9 2,300 ND 75 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.44.4 Soil Nails 


8.2.44.4.1 General 


Soil nails are typically installed in an inclination ranging from 10
o
 to 20


o
 below the horizontal. Nail 


inclination shallower than 10
o
 should be avoided, as the risk of void forming in the grout increases 


significantly for grout holes shallower than 10
o
 below the horizontal. The use of uniform spacing can 


simplify construction and quality control, though due to project-specific geometric constraints, nail 


spacing may need to be irregular. However, the nail spacing should not exceed 6.5 feet under any 


circumstances. Moreover, though the nails can be installed in a staggered pattern, a square pattern is 


preferred for the ease of installation. Geocomposite drainage materials such as Terradrain 101, or 


equivalent, outletting to weepholes should be provided between every vertical soil nail column to 


facilitate drainage behind the shotcrete facing. 


8.2.44.4.2 Internal Stability 


The soil nail manufacturer should verify the internal stability of the soil nail wall for nail and facing 


design. For nails founded into the older alluvium, an allowable pull out resistance of 7.25 pounds per 


square inch (psi) or 273d (d is diameter of nail in inch) pounds per linear foot (plf) using a factor of safety 
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of 2.0 may be used for pre-drilled nails filled with non-pressure grout. However, pull out capacity is most 


realistically evaluated from load tests in the field, as the actual capacity depends on various site-specific 


equipment- and method-related factors. 


8.2.44.4.3 External Stability 


The slope stability analyses were completed for the proposed maximum wall height of 22 feet at Station 


376+50. The parameters used in the slope stability analyses are presented in Table 8.2.44.3. A summary 


of the stability results is presented in Table 8.2.44.5. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the slope stability analysis indicate that factors of safety 


in excess of the commonly accepted minimums of 1.5 and 1.1 under static and seismic condition, 


respectively, for stable slopes can be achieved with a minimum soil nail length of 16 feet. 


Table 8.2.44.5 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


376+50 1.60 1.22 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.44.4.4 Bearing Capacity 


The following Preliminary Shallow Foundation Data Table presents soil bearing pressure. The given 


allowable and ultimate bearing capacities are net values, and these values may be increased by one-third 


for momentary wind or seismic loads. Edge pressure due to any eccentric load should not exceed the 


bearing values given for permanent and temporary loads. 


Table 8.2.44.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Length of Soil 


Nail                
(ft) 


Bottom of 
Excavation 
Elevation       
(ft MSL) Gross Allowable Soil 


Bearing Pressure (qall) 
Ultimate Soil Bearing 


Pressure (qu) 


376+50 16 843.0 16.7 50.1 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 
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8.2.44.4.5 Construction Control 


To better control the quality of wall construction, the soil nail wall are divided into construction control 


zones based on anticipated soil/bedrock conditions. Nail testing schedule should follow the 


recommendations summarized below for each zone and soil/bedrock strata. 


Table 8.2.44.7 - Construction Control 


Nail Testing 


Zone Station 
Length 
(ft) 


Maximum 
Height  
(ft) 


Approximate 
Bottom of 
Excavation 
Elevation      
(ft MSL) 


Anticipated Material 
within Zone 


Average 
Elevation 
of Soil/ 
Bedrock 
Strata    
(ft MSL) 


Proof Test a 
Verification 


Test b 


Sandy Clay (CL) 865-857 1.6% 1 nail 


Clayey Sand (SC) 857-845 1.6% 1 nail 
Zone 1 


375+00 


to 


376+50 


150 24 842.0 
Sandy Clay (CL)/Silty 


Sand (SM) 
845-840 0.8% 2 nail 


Sandy Clay (CL) 865-858 0.8% 1 nail 


Clayey Sand (SC) 858-847 1.6% 1 nail Zone 2 


376+50 


to 


377+24 


74 20 843.0 


Sandy Clay (CL) 847-840 1.6% 1 nail 


Notes: 


a. Proof tests should be conducted on 8% of total production nails per Caltrans.  


b. As a minimum, two verification tests should be conducted in each soil/bedrock strata per FHWA. 


 


8.2.44.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.44.8 may be used to estimate lateral earth pressures against the soil 


nailed block exerted by retained alluvium. 


Table 8.2.44.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.44.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Lateral pressures resulting from a uniform vertical surcharge behind the wall should be added as a 


horizontal pressure with a rectangular distribution and calculated using a lateral earth pressure coefficient 


of 0.30. Surcharges that are set back behind the wall a horizontal distance greater than the exposed wall 


height do not need to be added to the design pressures. 
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8.2.45 Retaining Wall 378 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium below 


the embankment slopes. The alluvium is considered an adequate bearing material for supporting the 


retaining wall foundations. Total and differential settlement under the fully applied load is anticipated to 


be within tolerable limits. Furthermore, the potential for liquefaction at the project site is considered very 


low. As a result, the use of standard Caltrans Type 1 retaining wall supported on shallow foundations 


designed in accordance with Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.45.1 Project Description and Site Location 


The project site is located immediately east of 14
th
 Street Overcrossing (Bridge No. 56-0313) along a 


depressed segment of eastbound SR-91, where the existing freeway surface was constructed up to 20 feet 


below the surrounding street grade. The proposed Type 1 wall alignment is planned from Station 377+25 


to Station 386+00 at the toe of the north facing ascending slope along the realigned eastbound SR-91 14
th


 


Street on-ramp. The freeway surface elevation ranges from approximately 858.6 feet to 846.8 feet, 


respectively, at the eastern and western end of the retaining wall. The project alignment relative to general 


topography, streets, and landmark is shown on Figure 2j, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.45.1 


below.  


Table 8.2.45.1 - Summary of Proposed Retaining Wall RW 378 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 378 
Station 377+25 RT 186 to Station 


386+00 RT 155 
875 4 - 26 Level 840.0-851.0 


A-07-184                              


A-07-185                                


A-07-186 


 


8.2.45.2 Field Exploration 


The field exploration program consisted of drilling three (3) exploratory borings (A-07-184, A-07-185, 


and A-07-186) from the Vine Street grade. Approximate locations of borings are shown in Figure 2j. 


Details are provided in the following table. 


 


 







SECTIONEIGHT Conclusions and Recommendations 


  8-232 


Table 8.2.45.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-184 31.5 Realigned SR-91 377+80 120 861.0 


A-07-185 51.5 Realigned SR-91 380+50 175 868.7 


A-07-186 71.0 Realigned SR-91 384+00 185 866.0 


 


8.2.45.3 Geotechnical Analysis and Design 


8.2.45.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits to the maximum depths explored. The alluvium consists primarily of medium dense to 


very dense silty sand and clayey sand with interbedded very stiff to hard sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.45.3. 
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Table 8.2.45.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


868.7-


795.0 
0-71 Alluvium 


Medium dense to 


very dense silty 


SAND (SM/SP-


SM/SW-SM/SP) 


dense to very 


dense clayey 


SAND (SC/SC-SM) 


with interbedded 


very stiff to hard 


sandy CLAY (CL) 


13-


100 


(34) 


1.6-12.2 


(7.2) 
120 440 36 


700-


1,500 


(1,100) 


Notes: 


a. Profile developed from EB State Route 91 14
th
 street on-ramp level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.45.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type C can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.45.3.3 Embankments 


Backfill on the order of 4 to 26 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to very dense silty sand and 


clayey sand interbedded with very stiff to hard lean clay. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.45.3. Immediate settlement is estimated to be about 0.25 to 1.1 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.45.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 26 feet at Station 


379+00. The parameters used in the slope stability analyses are presented in Table 8.2.45.3. A summary 


of the stability results is presented in Table 8.2.45.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.45.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


379+00 2.81 2.22 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.45.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.45.5.  


Table 8.2.45.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


A-07-186 0-5.0 866.0-861.0 7.5 1,500 900 300 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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8.2.45.4 Shallow Foundations 


8.2.45.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1.5 and ¾ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


 


8.2.45.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 460 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.44 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.45.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.45.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.45.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.45.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30. Surcharges that are set back behind the wall a horizontal 


distance greater than the exposed wall height do not need to be added to the design pressures. 
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8.2.46 Retaining Wall 382 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


8.2.46.1 Project Description and Site Location 


The project site is located west of University Avenue Undercrossing (Bridge No. 56-0314) along a 


depressed segment of eastbound SR-91, where the existing freeway surface was constructed up to 12 feet 


below the surrounding street grade. The retaining wall alignment is planned from Station 382+00 to 


Station 388+30 along the realigned auxiliary lane and eastbound SR-91 University Avenue off-ramp. The 


freeway surface elevation ranges from approximately 862.8 feet and 853.0 feet, respectively, at the 


eastern and western end of the retaining wall. The project alignment relative to general topography, 


streets, and landmark is shown on Figure 2j, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.46.1 


below.  


Table 8.2.46.1 - Summary of Proposed Retaining Wall RW 382 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 382 
Station 382+00 RT 135 to Station 


388+30 RT 95 
630 4 - 23 Level 840.0-858.0 


A-07-186                             


R-07-188                                     


R-07-190 


 


8.2.46.2 Field Exploration 


The field exploration program consisted of drilling three (3) exploratory borings (A-07-186, R-07-188 


and R-07-190). The boring A-07-186 was drilled from Vine Street grade. Borings R-07-188 and R-07-


190 were drilled from the off-ramp grade. Approximate locations of borings are shown in Figure 2j. 


Details are provided in the following table. 
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Table 8.2.46.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-186 71.0 Realigned SR-91 384+00 185 866.0 


R-07-188 31.5 Realigned SR-91 389+00 85 863.0 


R-07-190 51.5 Realigned SR-91 393+00 120 865.0 


 


8.2.46.3 Geotechnical Analysis and Design 


8.2.46.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is Holocene and Pleistocene age, unconsolidated alluvial 


deposits. The alluvium consists primarily of medium dense to very dense silty sand, medium dense clayey 


sand with interbedded stiff sandy clay. 


Engineering parameters for the generalized profile are presented in Table 8.2.46.3. 







SECTIONEIGHT Conclusions and Recommendations 


  8-238 


Table 8.2.46.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


866.0-


840.0 
0-26 Fill Imported Fill - - 120 100 34 - 


840.0-


795.0 
26-71 Alluvium 


Medium dense to 


very dense sitly 


SAND (SM/SP-


SM/SW-SM/SP), 


medium dense 


clayey SAND 


(SC/SC-SM) with 


interbedded stiff 


sandy CLAY (CL) 


11-


100 


(35) 


2.1-18.7 


(10.4) 
120 440h 36h 


700-


1,500 


(1,100) 


Notes: 


a. Profile developed from EB State Route 91 University Avenue off-ramp roadway and Vine Street level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


i. Cohesion and effective friction angle were based on a direct shear test result from boring A-07-185 


 


8.2.46.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type C can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 
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8.2.46.3.3 Embankments 


Backfill on the order of 4 to 23 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense clayey sand and medium 


dense to very dense sand with silt with occasional seams of stiff to hard sandy clay. 


Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.46.3. Immediate settlement is estimated to be about 0.2 to 1.0 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.46.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 23 feet at Station 


382+50. The parameters used in the slope stability analyses are presented in Table 8.2.46.3. A summary 


of the stability results is presented in Table 8.2.46.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.46.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


385+50 2.67 2.14 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.46.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.46.5.  
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Table 8.2.46.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


A-07-186 0-5.0 866.0-861.0 7.5 1,500 900 300 


R-07-190 0-5.0 865.0-860.0 8.9 2,800 240 135 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.46.4 Shallow Foundations 


8.2.46.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform with Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings.  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.46.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 460 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.44 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 
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8.2.46.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.46.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.46.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.46.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30. Surcharges that are set back behind the wall a horizontal 


distance greater than the exposed wall height do not need to be added to the design pressures. 


 


8.2.47 Retaining Wall 389 


The foundations of the proposed retaining wall are anticipated to be founded on new engineered fill or 


existing alluvium. The alluvium or engineered fill is considered an adequate bearing material for 


supporting the retaining wall foundations. Total and differential settlement under the fully applied load is 


anticipated to be within tolerable limits. Furthermore, the potential for liquefaction at the project site is 


considered very low. As a result, if space permitted, the use of mechanically stabilized earth (MSE) wall 


designed in accordance to the methodologies outlined in Section 5.9.2 and 5.9.3 of the Caltrans Bridge 


Design Specifications (2004) with details as shown in Section 3-8 of Caltrans Bridge Design Aids (2002) 


and Caltrans XS-13-010-1 through 8 (1998) is feasible from a geotechnical standpoint. 


8.2.47.1 Project Description and Site Location 


The project site is located immediately west of University Avenue Undercrossing (Bridge No. 56-0314) 


along an elevated segment of westbound SR91, where the existing freeway surface was constructed on 


embankments up to 28 feet above the surrounding street grade. The retaining wall alignment is planned 


from Station 389+60 to Station 398+25 along the north side of the proposed westbound Mulberry Street 


off-ramp to be constructed on embankment up to 34 feet above the surrounding street grade. The freeway 


surface elevation ranges from approximately 888.9 feet and 862.8 feet, respectively, at the eastern and 


western end of the retaining wall. The project alignment relative to general topography, streets, and 


landmark is shown on Figures 2j and 2k, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 8.2.47.1 


below.  
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Table 8.2.47.1 - Summary of Proposed Retaining Wall RW 389 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 
Footing 
Elevation   


(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 389 
Station 389+60 LT 131 to Station 


398+25 LT 82 
865 4 - 34 Level 857.0-870.0 


A-07-187                                                


A-07-189                                  


A-07-191 


 


8.2.47.2 Field Exploration 


The field exploration program consisted of drilling three (3) exploratory borings (A-07-187, A-07-189, 


and A-07-191) from the surrounding street grade. Approximate locations of borings are shown in Figures 


2j and 2k. Details are provided in the following table. 


Table 8.2.47.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-187 31.5 Realigned SR-91 388+30 94 852.0 


A-07-189 51.5 Realigned SR-91 393+70 110 869.1 


A-07-191 61.5 Realigned SR-91 397.80 120 862.0 


 


8.2.47.3 Geotechnical Analysis and Design 


8.2.47.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is underlain by Holocene and Pleistocene age, unconsolidated 


alluvial deposits to maximum depths explored. The alluvium consists primarily of medium dense to very 


dense clayey sand, very stiff to hard sandy clay and sandy silt, and very dense silty sand. 


Engineering parameters for the generalized profile are presented in Table 8.2.47.3. 
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Table 8.2.47.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) φφφφ’ (deg) 


Elastic 
Modulus 
(ksf) 


869.1-


800.5 
0-69 Alluvium 


Medium dense to 


very dense clayey 


SAND (SC), very 


stiff to hard sandy 


CLAY (CL) and 


sandy SILT (ML), 


very dense silty 


SAND (SM/SP-


SM/SP) 


12-


100 


(28) 


2.2-8.5 


(4.2) 
120 


150-350 


(250) 


30-37 


(33) 


600-


1,400 


(1,000) 


Notes: 


a. Profile developed from surrounding street level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


8.2.47.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


8.2.47.3.3 Embankments 


Backfill on the order of 4 to 34 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to very dense clayey sand, 


very stiff to hard sandy clay and sandy silt, and very dense silty sand. 
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Our settlement evaluation is based on soil types encountered during this investigation and derived from 


existing correlation of elastic modulus with SPT blow counts. The parameters used in the settlement 


calculations are presented in Table 8.2.47.3. Immediate settlement is estimated to be about 0.5 to 2.5 


inches as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary 


8.2.47.3.4 Slope Stability 


8.2.47.3.4.1 Internal Stability 


An internal friction angle of 34
o
 and a unit weight of 120 lb/ft


3
 can be assumed for the backfill materials 


in evaluating the potential slip surfaces within the reinforced soil mass. The MSE wall should be designed 


in accordance to the methodologies outlined in Section 5.9.2 and 5.9.3 of the Caltrans Bridge Design 


Specifications or equivalent. 


8.2.47.3.4.2 External Stability 


The slope stability analyses were completed for the proposed maximum wall height of 34 feet at Station 


397+00. The parameters used in the slope stability analyses are presented in Table 8.2.47.3. A summary 


of the stability results is presented in Table 8.2.47.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 8.2.47.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostatic 


397+00 2.06 1.65 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


 


8.2.47.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 8.2.47.5.  
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Table 8.2.47.5 - Summary of Corrosivity Test Results 


Boring 
Depth 


(ft) 


Elevation 


(ft MSL) 


pH 


Threshold ≤≤≤≤ 5.5 


Resistivity 
(Ohm-cm) 


Threshold ≤≤≤≤ 
1,000 


Sulfate Content 
(ppm) 


Threshold ≥≥≥≥ 
2,000 


Chloride 
Content (ppm) 


Threshold ≥≥≥≥ 
500 


A-07-187 0-5.0 852.0-847.0 7.9 3,500 648 300 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


8.2.47.4 Shallow Foundations 


8.2.47.4.1 Bearing Capacity 


Bases of the MSE walls should be founded at least 2 feet or 10 % of the design wall height, whichever is 


larger, below the lowest adjacent grade with a minimum setback of 2.5 feet or 10 % of the design wall height, 


whichever is larger from top of any slopes (measured from outside edge of face panel). To ensure a uniform 


contact between the base and subgrade soil, the upper 1 foot of subgrade soil below the base of the MSE wall 


should be removed and recompacted to 95% relative compaction before the construction of the retaining wall. 


The following Preliminary Shallow Foundation Data Table presents our preliminary recommendations for 


the retaining wall foundations. The given allowable and ultimate bearing capacities are net values, and 


these values may be increased by one-third for momentary wind or seismic loads. Edge pressure due to 


any eccentric load should not exceed the bearing values given for permanent and temporary loads. 
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Table 8.2.47.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Footing Width 


(ft) 


Bottom of 
Base 


Elevationc      
(ft MSL) Gross Allowable Soil 


Bearing Pressure (qall) 
Ultimate Soil Bearing 


Pressure (qu) 


8 4.4 13.2 


14 6.4 19.2 


18 7.5 22.5 
RW 389 


22 


857.0-870.0 


9.0 27.0 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qul. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 


 


Total and differential settlements of less than 2.5 and 1 inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


8.2.47.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 400 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.4 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


values in evaluating the resistance to lateral loads. 


8.2.47.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 8.2.47.7 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 8.2.47.7 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 8.2.47.7 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 
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traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures 


8.3 SUMMARY 


A summary of our recommendations for the retaining walls discussed above are provided in Tables 8.3A 


and 8.3B. 
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Table 8.3A Summary of Recommendations for Retaining Walls on Westbound SR-91 


Wall No. 
Location (Referencing  


SR-91 Centerline) 
Wall Type 


Foundation 
Type 


Length 
(feet) 


Retaining 
Wall 
Height 
(feet) 


Approximate 
Bottom of 
Footing 


Elevation b           
(ft MSL) 


Retained 
Slope 


Condition    
(H:V) 


Wall 
Footing on 
a Slope? 


Depth of 
Remedial 
Grading 
below 
footing            
(feet) 


Pertinent 
Borings 


RW 231 
Station 230+20 LT 82 to 


Station 238+75 LT 94 
Type 1 


Shallow 


Foundation 
855 4 - 24 858.0-864.0 Level No 1 


R-07-110                         


R-07-111 


RW 241 
Station 239+50 LT 94 to 


Station 244+30 LT 97 
Type 1 


Shallow 


Foundation 
480 4 - 24 853.0-858.0 Level  No 1 


R-07-112                                 


R-07-114 


RW/SW 247 
Station 245+85 LT 88 to 


Station 253+95 LT 134 
Type 1SW 


Shallow + 


Deep  


Foundation 


810 6 - 13 852.0-859.0 Level  No 1 


R-07-116                                 


R-07-119                                            


R-07-120 


RW 253 
Station 253+95 LT 100 to 


Station 256+00 LT 200 
Type 1 


Shallow 


Foundation 
205 4 - 14 852.0-854.0 Level  No 1 R-07-122 


RW 255 
Station 254+50 LT 75 to 


Station 258+10 LT 100 
Type 1 


Shallow 


Foundation 
360 4 - 18 860.0-863.0 Level  No 1 R-07-123 


RW 261 
Station 260+20 LT 76 to 


Station 267+80 LT 76 
MSE 


Shallow 


Foundation 
760 4 - 16 854.0-863.0 Level  Yes 1 


R-07-125                               


R-07-127 


RW 267 
Station 267+00 LT 124 to 


Station 280+00 LT 90 
Type 1 


Shallow 


Foundation 
1,300 4 - 10 843.0-852.0 Level  Yes 1 


R-07-129                                 


R-07-131                      


R-07-133 


RW 281 
Station 280+00 LT 90 to 


Station 288+25 LT 155 
MSE 


Shallow 


Foundation 
825 4 - 26 835.0-848.0 Level  No 1 


R-07-133                                  


R-07-135 
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Table 8.3A Summary of Recommendations for Retaining Walls on Westbound SR-91 


Wall No. 
Location (Referencing  


SR-91 Centerline) 
Wall Type 


Foundation 
Type 


Length 
(feet) 


Retaining 
Wall 
Height 
(feet) 


Approximate 
Bottom of 
Footing 


Elevation b           
(ft MSL) 


Retained 
Slope 


Condition    
(H:V) 


Wall 
Footing on 
a Slope? 


Depth of 
Remedial 
Grading 
below 
footing            
(feet) 


Pertinent 
Borings 


RW 287 
Station 284+85 LT 70 to 


Station 290+00 LT 70 
Type 1 


Shallow 


Foundation 
515 4 - 26 851.0-862.0 Level  No 1 R-07-137 


RW 291 
Station 291+60 LT 77 to 


Station 294+90 LT 77 
Type 1 


Shallow 


Foundation 
330 4 - 16 849.0-868.0 Level  Yes 1 R-07-143 


RW 293 
Station 292+00 LT 162 to 


Station 301+50 LT 100 
Type 1 


Shallow + 


Deep  


Foundation 


950 4 - 20 858.0-865.0 Level  Yes 1 


R-07-141                                     


R-07-144                              


A-07-146 


RW 303 
Station 301+50 LT 95 to 


Station 315+00 LT 96 
Type 1 


Shallow 


Foundation 
1,350 4 - 26 864.0-891.0 2:1 No 1 


R-07-148                              


A-07-149                            


R-07-150 


RW 315 
Station 315+00 LT 96 to 


Station 320+50 LT 84 
Soil Nail b 


Shallow 


Foundation 
550 4 - 22 892.3-901.6 Level  No NA R-07-152 


RW 321 
Station 321+00 LT 84 to 


Station 337+50 LT 78 
Type 1 


Shallow 


Foundation 
1,650 4 - 22 860.0-898.0 2.3:1 No 1 


A-07-154                              


A-07-156                           


A-07-158 


RW 337 
Station 337+50 LT 78 to 


Station 340+75 LT 78 
Type 1 


Shallow 


Foundation 
325 4 - 14 843.0-858.0 Level  Yes 1 


R-07-160               


R-07-162 


RW 343 
Station 341+50 LT 78 to 


Station 350+50 LT 90 
MSE 


Shallow 


Foundation 
900 4 - 25 816.3-838.0 Level  Yes 1 


R-07-164                       


A-07-166 


RW 351 
Station 350+50 LT 89 to 


Station 354+50 LT 89 
Soil Nail b 


Shallow 


Foundation 
400 4 - 17 843.2-843.7 2:1 No NA R-07-170 
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Table 8.3A Summary of Recommendations for Retaining Walls on Westbound SR-91 


Wall No. 
Location (Referencing  


SR-91 Centerline) 
Wall Type 


Foundation 
Type 


Length 
(feet) 


Retaining 
Wall 
Height 
(feet) 


Approximate 
Bottom of 
Footing 


Elevation b           
(ft MSL) 


Retained 
Slope 


Condition    
(H:V) 


Wall 
Footing on 
a Slope? 


Depth of 
Remedial 
Grading 
below 
footing            
(feet) 


Pertinent 
Borings 


RW 355 
Station 355+00 LT 90 to 


Station 360+10 LT 92 
Soil Nail b 


Shallow 


Foundation 
510 4 - 18 840.2-842.9 1.7:1 No NA R-07-172 


RW/SW 357 
Station 360+10 LT 95 to 


Station 364+55 LT 123 


Special 


Design a 


Shallow 


Foundation 
445 6 - 28 837.0-838.0 1.5:1 to Level  No 1 


R-07-174                         


R-07-176 


RW 365 
Station 364+55 LT 128 to 


Station 370+00 LT 162 
Type 1 


Shallow 


Foundation 
545 4 - 27 839.3-856.7 Level  No 1 


R-07-176                          


R-07-179                           


RW 369 
Station 367+00 LT 79 to 


Station 373+80 LT 90 
Soil Nail b 


Shallow 


Foundation 
680 4 - 9 841.0-843.0 5:1 No NA A/R-07-181 


RW 375 
Station 375+00 LT 90 to 


Station 380+20 LT 91 
Type 1 


Shallow 


Foundation 
520 4 - 32 843.0-845.0 2.5:1 to Level  No 1 R-07-183 


RW 389 
Station 389+60 LT 131 to 


Station 398+25 LT 82 
MSE 


Shallow 


Foundation 
865 4 - 34 857.0-870.0 Level  Yes 1 


A-07-187                                                


A-07-189                                  


A-07-191 


Notes: 


a. Non-standard Special-Design Retaining Wall due to sloping ground condition 


b. For Soil Nail walls Bottom of Footing elevation is Bottom of Excavation Elevation 


c. NA = Not Applicable 
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Table 8.3B Summary of Recommendations for Retaining Walls on Eastbound SR-91 


Wall No. 
Location (Referencing  


SR-91 Centerline) 
Wall Type 


Foundation 
Type 


Length 
(feet) 


RW 
Height 
(feet) 


Approximate 
Bottom of 
Footing 


Elevation b           
(ft MSL) 


Retained 
Slope 


Condition     
(H:V) 


Wall 
Footing on 
a Slope? 


Depth of 
Remedial 
Grading 
below 
footing            
(feet) 


Pertinent 
Borings 


RW 172 
Station 171+60 RT 66 to 


Station 175+60 RT 66 
Type 1 


Shallow 


Foundation 
400 4 - 10 838.5-845.3 Level Yes 1 


A-07-101                             


A-07-102 


RW 194 
Station 193+35 RT 66 to 


Station 197+35 RT 66 
Type 1 


Shallow 


Foundation 
400 4 - 8 854.0-859.0 Level Yes 1 


A-07-103                             


A-07-104 


RW 198 
Station 198+80 RT 66 to 


Station 201+50 RT 66 
Type 1 


Shallow + 


Deep 


Foundation 


270 4 – 8 859.5-860.5 Level Yes 1 
R-07-105                


R-07-107 


RW 200 
Station 200+00 RT 140 to 


Station 206+40 RT 100 
Type 1 


Shallow 


Foundation 
640 4 - 12 851.0-857.5 Level No 1 


R-07-106                                                 


R-07-108                            


R-07-109 


RW 240 
Station 240+00 RT 80 to 


Station 248+00 RT 122 
Type 1 


Shallow 


Foundation 
800 4 - 20 856.0-863.0 Level No 1 


A-07-113                              


A-07-115                            


R-07-117                           


R-07-118 


RW 254 
Station 256+30 RT 150 to 


Station 260+10 RT 180 
Type 1 


Shallow 


Foundation 
380 4 - 22 852.5-854.5 Level No 1 


R-07-121                           


R-07-124 


RW 262 
Station 262+50 RT 108 to 


Station 266+25 RT 108 
Type 1 


Shallow + 


Deep  


Foundation 


375 4 - 18 855.5-857.5 Level No 1 R-07-126 


RW 266 
Station 264+60 RT 135 to 


Station 278+80 RT 110 
Type 1 


Shallow 


Foundation 
1,420 4 - 24 847.0-856.0 Level No 1 


R-07-128                                 


A-07-130                              


R-07-132                       


R-07-134 
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Table 8.3B Summary of Recommendations for Retaining Walls on Eastbound SR-91 


Wall No. 
Location (Referencing  


SR-91 Centerline) 
Wall Type 


Foundation 
Type 


Length 
(feet) 


RW 
Height 
(feet) 


Approximate 
Bottom of 
Footing 


Elevation b           
(ft MSL) 


Retained 
Slope 


Condition     
(H:V) 


Wall 
Footing on 
a Slope? 


Depth of 
Remedial 
Grading 
below 
footing            
(feet) 


Pertinent 
Borings 


RW 280 
Station 278+80 RT 104 to 


Station 286+77 RT 152 
Type 1 


Shallow 


Foundation 
797 4 - 10 844.0-856.0 3:1 to Level No 1 


R-07-134                            


R-07-136 


RW 286 
Station 286+77 RT 152 to 


Station 291+00 RT 153 
Type 1 


Shallow 


Foundation 
423 4 - 6 849.0-852.0 Level No 1 R-07-140 


RW 288 
Station 287+40 RT 80 to 


Station 291+00 RT 80 
Type 1 


Shallow 


Foundation 
360 4 - 28 855.0-859.0 Level No 1 


R-07-138                


R-07-139 


RW 294 
Station 292+80 RT 80 to 


Station 296+00 RT 76 
Type 1 


Shallow 


Foundation 
320 4 - 12 856.0-865.0 Level Yes 1 


R-07-142               


A-07-145 


RW 316 
Station 314+80 RT 88 to 


Station 320+60 RT 78 
Soil Nail a 


Shallow 


Foundation 
580 4 - 8 901.6-908.2 Level No NA 


A-07-151                


A-07-153 


RW 322 
Station 321+00 RT 77 to 


Station 339+00 RT 78 
Type 1 


Shallow 


Foundation 
1,800 4 - 14 847.0-904.0 2:1 to Level No 1 


R-07-155                              


R-07-157                             


A-07-159                              


R-07-161 


RW 338 
Station 339+00 RT 80 to 


Station 342+00 RT 135 
Type 1 


Shallow + 


Deep  


Foundation 


300 4 - 16 833.0-847.0 Level Yes 1 
R-07-161                


R-07-163 


RW 344 
Station 343+30 RT 80 to 


Station 345+75 RT 80 
Type 1 


Shallow 


Foundation 
245 4 - 30 835.0-842.0 2:1 to Level No 1 R-07-165 


RW 346 
Station 345+75 RT 80 to 


Station 347+60 RT 87 
Type 1 


Shallow 


Foundation 
185 4 - 14 822.0-839.0 Level No 1 


R-07-165                            


R-07-167 
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Table 8.3B Summary of Recommendations for Retaining Walls on Eastbound SR-91 


Wall No. 
Location (Referencing  


SR-91 Centerline) 
Wall Type 


Foundation 
Type 


Length 
(feet) 


RW 
Height 
(feet) 


Approximate 
Bottom of 
Footing 


Elevation b           
(ft MSL) 


Retained 
Slope 


Condition     
(H:V) 


Wall 
Footing on 
a Slope? 


Depth of 
Remedial 
Grading 
below 
footing            
(feet) 


Pertinent 
Borings 


RW 348 
Station 347+60 RT 87 to 


Station 354+50 RT 92 
Type 1 


Shallow 


Foundation 
690 4 - 26 832.0-834.0 2:1 No 1 


R-07-167                    


R-07-168                           


R-07-169 


RW 356 
Station 355+00 RT 92 to 


Station 362+00 RT 90 
Soil Nail a 


Shallow 


Foundation 
700 4 - 25 838.2-840.7 2:1 No NA 


A-07-171                                


R-07-173 


RW 362 
Station 362+00 RT 90 to 


Station 373+50 RT 194 
Type 1 


Shallow 


Foundation 
1,150 4 - 32 837.0-861.0 2:1 to Level No 1 


R-07-175                           


R-07-177 


RW 370 
Station 369+50 RT 103 to 


Station 373+80 RT 113 
Soil Nail a 


Shallow 


Foundation 
430 4 - 23 841.5-842.3 2:1 No NA 


R-07-178               


R-07-180 


RW 376 
Station 375+00 RT 128 to 


Station 377+24 RT 146 
Soil Nail a 


Shallow 


Foundation 
224 4 - 24 842.0-843.0 Level No NA R-07-182 


RW 378 
Station 377+25 RT 186 to 


Station 386+00 RT 155 
Type 1 


Shallow 


Foundation 
875 4 - 26 840.0-851.0 Level No 1 


A-07-184                               


A-07-185                                 


A-07-186 


RW 382 
Station 382+00 RT 135 to 


Station 388+30 RT 95 
Type 1 


Shallow 


Foundation 
630 4 - 23 840.0-858.0 Level No 1 


A-07-186                           


R-07-188                                      


R-07-190 


Notes: 


a. For Soil Nail walls Bottom of Footing elevation is Bottom of Excavation Elevation 


b. NA = Not Applicable 
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SECTION 9 CONSTRUCTION CONSIDERATIONS 


The contractor should conform to all applicable occupation and health standards, rules, regulations and orders 


established by the State of California. Specifically, the contractor should provide details of shoring, bracing, 


sloping or other provisions for worker and public protection during excavations as provided in Section 5-


1.01A of Caltrans Standard Specifications. 


9.1 CONSTRUCTION ADVISORIES 


1. The contractor should be made aware that utility lines are known to be immediately adjacent to 


the back edge of the proposed retaining walls and sound walls along the project alignment. These 


utility lines may be non-yielding and their tolerance of soil movement during excavation may be 


low. Consequently, it is the responsibility of the contractor to notify and coordinate with the 


Underground Services Alert (USA) and to obtain all available as-built utility plans before any 


proposed earthwork. All active or inactive utilities within the construction limits should be 


identified for relocation, abandonment, or protection prior to grading. Any pipelines greater than 


2 inches in diameter to be abandoned in-place should be filled with sand/cement slurry after their 


locations are reviewed and approved by the resident engineer. 


2. Based on the findings of our field investigation and review of available information along the 


project alignment, groundwater is not anticipated within the pertinent depth of the retaining wall 


and sound wall construction, except the flood zone located at Retaining Wall 346. The low 


depression may be inundated during heavy run-offs depending on local environmental factors. It 


is advised that this retaining wall to be completed during the dry season. If needed, dewatering 


should result in groundwater levels that are at least 5 feet below any point within the excavation 


bottom. However, significant dewatering is not anticipated, and its consequences (settlement, 


etc.) would not be considered in the geotechnical design of this project. 


3. The subsurface materials to be excavated or drilled into are fill and alluvium consisting generally 


of granular materials. Based on observations during our field exploration and our past project 


experience with similar subsurface materials, the potential of caving should not be precluded 


during the installation of the soil nails. Special provisions such as casing may be required for the 


installation of soil nails at the project site.  


4. The fill and alluvium to be excavated or drilled into generally range from loose to very dense in 


consistency. Excavations are not anticipated to be difficult with a proper choice of equipment. 


However, local pockets of gravels and granitic bedrock may be encountered during drilling of the 


soil nails. The contractor should be made aware that drilling into these materials may be difficult.  


5. During excavations, erosion and surficial sloughing may occur. Excavations during wet seasons 


will require erosion protection. If caving or sloughing of the exposed face material occurs, the 


contractor should stabilize the slope face with method approved by the resident engineer.  


6. Considering the findings from our subsurface explorations, pile driving is not anticipated to be 


difficult with a proper choice of equipment. However, to ensure a proper execution during 
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construction, the geotechnical engineer should review the driving equipment and method 


proposed by the contractor. 


9.2 CONSTRUCTION CONSIDERATIONS THAT INFLUENCE DESIGN 


1. Design of the retaining walls is based on free draining backfill material. Adequate draining 


should be provided to prevent build up of hydrostatic pressure behind the wall.  


2. The retaining wall lateral earth pressures do not account for stresses due to compaction 


equipment. Heavy construction equipment should not be allowed to operate within 5 feet of the 


wall, or a horizontal distance equal to one-half of the wall height, whichever is larger. Hand-


operated equipment (plate tampers or walk-behind rollers) may be used to compact the backfill 


within this distance. 


3. The stability of the fill slopes is based on the assumption that the import fill material meets 


specific strength requirements. For slope stability purposes, the imported fill materials need to 


have a minimum friction angle of 34
o
. These shear strength parameters should be verified in the 


field. 


4. Selection of shoring system, if needed, depends largely upon the acceptance criteria for deflection 


of the retained excavation and for settlement of ground adjacent to the shoring. The selected 


system will be subjected to lateral earth pressures from both of the retained earth materials and 


surcharge loads from the vehicular traffic and structures above. Cantilevered shoring can be 


utilized if some deflection is acceptable. Where shoring is used to support adjacent traffic or 


structures and excessive deflection cannot be tolerated, a braced or tieback shoring system should 


be used. Maximum settlement generally occurs immediately behind the shoring, and becomes 


negligible beyond a distance equal to the height of the excavation. Maximum settlement is 


estimated to be about 75% of the horizontal deflection, and should be limited to ¼ inch or less at 


all times. The Resident Engineer should monitor deflection of the shoring system on a regular 


basis throughout the course of construction. 


5. Casing within the bonded length of soil nail must be removed prior to placement of grout to allow 


mobilization of the estimated skin friction capacity.  


9.3 CONSTRUCTION CONSIDERATIONS THAT INFLUENCE 


SPECIFICATIONS 


1. Soundwalls and retaining walls should be installed by a qualified Contractor who has prior 


successful experience in constructing walls of similar size under similar subsurface conditions. 


2. In areas where shoring is being used and the earth materials to be retained are predominantly 


granular in nature, continuous lagging may be required between shoring to reduce the likelihood 


of local raveling and sloughing. If lumber lagging is selected, all lumber to be left in place should 


be pressure-treated. Backpacking or slurry may be required behind lagging to support adjacent 


facilities and utilities, or where excessive sloughing and caving are encountered. The contractor 
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should provide design details of shoring, bracing, sloping or other provisions for worker 


protection in accordance with the Caltrans Trenching and Shoring Manual. 


3. The materials used for the MSE walls must have a minimum resistivity greater than 1,500 ohm-


cm. 


4. Soil nails should be tested in the field in accordance with the criteria outlined by the Caltrans 


Special Provision and Federal Highway Administration (FHWA, 1999 and 2003) to verify if the 


design loads can be safely carried, and the contractor’s installation method and operations are 


adequate. The load test should include verification tests and proof tests. As a minimum, ten 


percent of the installed production nails must be proof tested. Among the proof test nails, eight 


percent of their test locations should be shown on plan, with the remaining two percent at 


locations specified by the engineer during construction. In addition, two verification tests per soil 


type should be performed on non-production nails installed at locations approved by the 


Engineer. If subsurface conditions differ and/or the contractor’s installation procedures change 


during the installation, additional testing may be required to evaluate the influence on the soil nail 


performance. 


5. Engineer must be present for verification of nail drilling, installation and grouting. Testing on the 


current row of soil nails must be monitored and approved by the Engineer before the installation 


of the next row. Verification tests should be completed and approved prior to wall construction of 


each wall zone.  


6. The soil nails, including its components, should be epoxy coated (per ASTM A-934, ASTM A-


775 or AASHTO M-284), hot dip galvanized (per ASTM A-153 or AASHTO M-232), or 


encapsulated with cement grout. The soil nails should have centralizers at a minimum of every 


10-foot interval. 


7. Based on the settlement analyses, a small amount of settlement is estimated after placement of the 


backfill prism behind the retaining walls. The calculated settlement is generally within the 


tolerance of roadways and should be completed during construction. As a result, there is no 


settlement period requirement for the subject soundwalls and retaining walls. However, if Wall 


346 is constructed during wet season, we recommend a minimum of 1 week of settlement period 


prior to construction pavement.  


8. Contamination study is not within the scope of services of this investigation. If contamination is 


encountered in excavations, the excavated soils should be removed and disposed of properly in 


accordance with appropriate environmental protocols. 


9. The Nominal Resistance shown in the pile data tables should be used as the bearing value for 


piles in the Gates Formula described in Section 49-1.08 of the Amendments to May 2006 


Standard Specifications in determining pile acceptance. If the specified tip elevation is reached 


before accomplishing the bearing value, pile driving should continue until such value is achieved. 
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10. The Caltrans standard Class 90 concrete piles proposed to support the segments of walls spanning 


across the existing Riverside Canal or planned conduits should be predrilled to below the invert 


elevation of the canal or conduit. The locations and the corresponding bottom of predrilling are 


summarized in the following table.  


Table 4 Summary of Pre-drilling Elevations 


Wall Number Pile Supported Segemnt Elevation of Bottom of Predrilled Hole (ft) 


RW 198 Station 200+00 to 201+15 848.6 


RW & SW 247 Station 252+50 to 253+25 854.5 


RW 262 Station 264+80 852.6 


RW 293 Station 298+30 to 298+60 860.17 


RW 338 Station 340+50 to 341+00 819.5 


 


Predrilling at locations other than the locations given in the table above should not be allowed 


without written approval of the Resident Engineer. 


9.4 PRECONSTRUCTION SURVEY AND CONSTRUCTION MONITORING 


Prior to any site work and excavations, conditions of existing structures and improvements should be 


surveyed and photo/video documented. A survey of all structures and improvements that are to be left in 


place, which are within a distance equal to two times the height of the excavations, including backcuts for 


retaining walls, should be performed prior to excavation and monitored during excavations. 


Final Project Plans and Specifications should be reviewed prior to construction to confirm that the full 


intent of the recommendations presented in the Geotechnical Design Report has been applied to the 


design and that the recommendations presented are applicable to the final scope of the project. Following 


review of Plans and Specifications, sufficient and timely observations during construction should be 


performed to correlate findings of the investigation with actual subsurface conditions exposed during the 


construction. Observation and testing by a qualified geotechnical consultant should be performed during 


construction. 


9.5 DIFFERING SITE CONDITIONS 


Soil and groundwater conditions were observed and interpreted at the exploration locations only. This 


information was used as the basis of analyses and recommendations provided herein. Conditions may 


vary between the exploration locations and seasonal fluctuations in the groundwater level may occur due 


to variations in rainfall and local groundwater management practices. If conditions encountered during 
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construction differ from those described herein, this office should be notified and modifications of our 


recommendations may be necessary. 
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SECTION 10 UNCERTAINTIES AND LIMITATIONS 


This report presents recommendations pertaining to the subject site based on the assumption that the 


subsurface conditions do not deviate appreciably from those disclosed by the exploratory borings. In view 


of the general geology of the area, the possibility of different conditions cannot be discounted. Any 


deviation or unexpected conditions observed during construction should be brought to the attention of the 


Geotechnical Engineer. In this way, any required supplemental recommendations can be made at a 


minimum of delay to the Contractor. 


Professional judgments presented in this report are based on evaluations of the technical information 


gathered, on our understanding of the proposed construction, and on our general experience in the 


geotechnical field. We do not guarantee the performance of the project in any respect, only that our 


engineering work and judgments rendered meet the standard of care in our profession at this time and 


location.
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FIELD EXPLORATION 


The field investigation was performed from November 6, 2007 to March 7, 2008. A site reconnaissance 


was performed by a URS engineer prior to the field investigation to identify exploratory locations. The 


exploratory locations for the project were marked in the field by URS from existing site features. URS 


notified Underground Service Alert (USA) so that they could coordinate with various utility companies to 


locate and clear existing underground lines in the vicinity of the planned exploration.  


Subsurface exploration included drilling and sampling of ninety one (91) borings (A-07-101 through A-


07-191) in the area of the proposed retaining walls and soundwalls. Caltrans drilling crews completed 


drilling 72 borings between November 6, 2007 and February 14, 2008, and Tri-County, Inc completed 


drilling the remaining 19 borings between February 19 and March 7, 2008. 


The exploratory locations were typically planned along the alignment of the retaining walls and 


soundwalls. Placement of the exploratory locations was constrained by access, personnel safety, conflict 


with underground utility lines and traffic control. The borings were drilled to depths ranging from 6.6 feet 


to 80.6 feet below the existing freeway surface and surrounding grade at elevations ranging from 814.0 


feet to 931 feet. Caltrans drilled most of their borings using a truck-mounted CS2000 drill rig, and with 


the remaining borings using either a truck mounted CME 85, Mobil B47 or Acker drill rig.  Tri-County, 


Inc drilled their borings using a Diedrich D-120 drill rig. The approximate locations of the borings are 


shown on Figures 2a through 2k. 


Boring locations and elevations are presented in Table A-1. Boring Records with a key explaining the 


descriptions and symbols used are presented in Appendix A.  


Table A-1 Summary of Exploration Locations and Elevations 


Boring No. 
Depth            


(feet) 


Station Along 


Centrline of SR-91 


(feet) 


Offset      


(feet) 


Elevation       


(feet, MSL) 


A-07-101 31.5 173+00 53 RT 852.4 


A-07-102 61.0 175+60 53 RT 846.2 


A-07-103 31.5 194+40 53 RT 861.9 


R-07-104 51.5 196+80 53 RT 866.8 


R-07-105 80.8 200+30 53 RT 868.1 


R-07-106 51.5 200+50 150 RT 857.0 


R-07-107 62.5 203+60 53 RT 863.3 


R-07-108 51.5 204+80 100 RT 860.5 


R-07-109 71.5 208+30 67 RT 860.0 


R-07-110 71.5 230+30 55 LT 869.8 


R-07-111 71.5 237+55 53 LT 883.1 


R-07-112 71.5 240+00 53 LT 882.7 
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Boring No. 
Depth            


(feet) 


Station Along 


Centrline of SR-91 


(feet) 


Offset      


(feet) 


Elevation       


(feet, MSL) 


A-07-113 71.5 240+90 60 RT 882.2 


R-07-114 72.5 244+20 58 LT 873.2 


A-07-115 51.5 245+00 74 RT 870.4 


R-07-116 46.5 246+00 65 LT 868.3 


R-07-117 31.5 247+70 70 RT 864.4 


R-07-118 51.5 250+30 90 RT 861.1 


R-07-119 61.5 251+55 95 LT 862.3 


R-07-120 52.5 253+20 100 LT 862.0 


R-07-121 30.8 254+10 150 RT 865.3 


R-07-122 51.0 256+10 140 LT 856.0 


R-07-123 51.5 257+70 120 LT 854.7 


R-07-124 51.5 259+90 105 RT 856.4 


R-07-125 72.5 261+20 55 LT 878.3 


R-07-126 51.5 263+70 103 RT 860.0 


R-07-127 31.5 266+00 105 LT 856.0 


R-07-128 51.5 267+40 120 RT 863.9 


R-07-129 72.0 269+00 80 LT 858.4 


A-07-130 70.8 272+00 70 RT 858.9 


R-07-131 71.0 274+50 64 LT 852.1 


R-07-132 71.5 277+10 64 RT 854.4 


R-07-133 72.5 280+00 66 LT 854.1 


R-07-134 51.5 280+00 65 RT 857.5 


R-07-135 71.5 285+20 76 LT 866.3 


R-07-136 45.0 284+20 150 RT 862.4 


R-07-137 71.5 287+30 70 LT 860.0 


R-07-138 50.0 287+70 53 RT 871.0 


R-07-139 71.5 290+60 54 RT 876.1 


R-07-140 51.5 291+50 140 RT 855.1 


R-07-141 30.5 292+85 152 LT 850.2 


R-07-142 62.5 293+10 54 RT 876.5 


R-07-143 71.5 293+80 53 LT 879.2 


R-07-144 51.5 296+40 115 LT 860.2 


A-07-145 71.5 297+40 85 RT 869.0 
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Boring No. 
Depth            


(feet) 


Station Along 


Centrline of SR-91 


(feet) 


Offset      


(feet) 


Elevation       


(feet, MSL) 


A-07-146 71.5 300+20 83 LT 868.2 


AR-07-147 61.5 301+70 65 RT 869.0 


R07-148 50.5 304+35 125 LT 876.0 


A-07-149 30.8 309+00 55 LT 881.4 


R-07-150 21.0 314+00 55 LT 892.8 


A-07-151 18.0 315+15 97 RT 907.0 


R-07-152 6.6 319+20 55 LT 902.2 


A-07-153 15.0 319+45 97 RT 916.0 


A-07-154 19.1 322+10 168 LT 931.1 


R-07-155 40.0 322+20 55 RT 906.2 


A-07-156 23.0 327+00 168 LT 922.0 


R-07-157 51.0 327+90 55 RT 890.3 


A-07-158 33.5 332+00 152 LT 896.0 


A-07-159 25.0 332+55 95 RT 885.0 


R-07-160 71.5 335+60 55 LT 867.4 


R-07-161 51.5 335+00 55 RT 869.1 


R-07-162 51.5 337+55 54 LT 861.7 


R-07-163 32.5 340+90 55 RT 851.7 


R-07-164 41.5 343+75 52 LT 846.5 


R-07-165 48.0 344+65 54 RT 841.2 


A-07-166 50.1 348+45 139 LT 814.0 


R-07-167 31.5 348+75 53 RT 837.5 


R-07-168 70.3 350+80 160 RT 872.0 


R-07-169 51.3 353+50 52 RT 838.6 


R-07-170 71.5 352+75 115 LT 863.0 


A-07-171 71.0 356+20 170 RT 874.7 


R-07-172 71.5 356+30 145 LT 864.0 


R-07-173 32.5 359+00 63 RT 840.5 


R-07-174 71.5 361+00 155 LT 867.4 


R-07-175 61.5 363+90 135 RT 870.0 


R-07-176 72.4 365+55 145 LT 863.5 


R-07-177 31.5 369+00 210 RT 868.0 


R-07-178 70.8 370+75 108 RT 858.8 
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Boring No. 
Depth            


(feet) 


Station Along 


Centrline of SR-91 


(feet) 


Offset      


(feet) 


Elevation       


(feet, MSL) 


R-07-179 31.5 369+50 120 LT 858.0 


R-07-180 32.5 373+10 141 RT 866.5 


R-07-181 70.9 372+10 120 LT 862.0 


R-07-182 70.9 376+55 152 RT 865.3 


R-07-183 65.0 377+75 175 LT 860.5 


A-07-184 31.5 377+80 120 RT 861.0 


A-07-185 51.5 380+50 175 RT 868.7 


A-07-186 71.0 384+00 185 RT 866.0 


A-07-187 31.5 388+30 94 LT 852.0 


R-07-188 31.5 389+00 85 RT 863.0 


A-07-189 51.5 393+70 110 LT 869.1 


R-07-190 51.5 393+00 120 RT 865.0 


A-07-191 61.5 397+80 120 LT 862.0 


 


URS geotechnical representative maintained field boring logs and visually classified the soils according 


to the Caltrans Soil and Rock Logging Classification Manual (June 2007). Standard Penetration Testing 


(SPT) was performed in the subsurface soils using a 140-pound automatic-tripped hammer or a safety 


hammer (B-47) with a 30-inch drop. The number of blows required to drive the sampler was recorded at 


152-mm (6-inch) intervals for each sample taken. SPT was performed in accordance with ASTM D1586 


procedures. The total number of blows required to drive the sampler the last 12 inches is recorded on the 


log of borings.  


Geotechnical samples obtained in the field were carefully sealed and packaged to reduce moisture loss 


and disturbance and were transported to our laboratory for further testing. After completion of drilling and 


sampling operations, borings were backfilled with grouts to the ground surface. The cuttings generated by 


drilling were drummed and disposed of off-site. 


The blow count for the final 12 inches of sampler penetration is commonly referred to as the "N-value".  


This value generally reflects the resistance to penetration of the soil at the sample depth. The degree of 


relative density of granular soils and the degree of consistency of cohesive soils are generally described 


on the Boring Records according to the conventional correlation presented in key of the log of boring. 


The relative density and consistency descriptions for coarse-grained soils on the attached log of boring are 


based on corrected Standard Penetration Test (SPT) N60 value as described below. 
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N60 = Nmeasured x (ERi/60) 


where,   


ERi = Hammer energy ratio 


Hammer energy ratio of each borings are presented on Figures 2a through 2k. These numbers are 


considered useful in providing an estimate of the relative density or consistency of coarse-grained soils. 


The relative density and consistency descriptions on the log may deviate from the correlation for a 


number of reasons, including reliance on other test results or the engineer’s judgment based on manual 


manipulation of the sample.   


It is widely accepted that the above-listed SPT blow count correlation is overly simplistic. For most 


applications in non-gravelly soils, the blow count is usually adjusted for the effective vertical pressure at 


the sampling depth and for other sampling system parameters such as the efficiency of the sampling 


system and/or sampling techniques used.  In gravelly soils, it is recognized that the blow counts are higher 


than would be expected in non-gravelly soils of similar density or consistency. This occurs because the 


sampler tends to push larger gravel clasts ahead of it. The area of the gravel clast may be significantly 


greater than that of the sampler, causing increased resistance and higher blow counts. 
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SM


SC


GW


GW-GM


CL


SILTY SAND


CL-ML


Other (see remarks)COBBLES and BOULDERS
BOULDERS


PT


SILTY GRAVEL


CLAYEY GRAVEL


Project Number:    30989802


Static Water Level Reading (long-term)


Poorly graded GRAVEL with SAND


Poorly graded GRAVEL with SILT and SAND


Poorly graded GRAVEL with CLAY and SAND
(or SILTY CLAY and SAND)


FIELD AND LABORATORY TESTS


WATER LEVEL SYMBOLS


Dynamic Cone
or Hand DrivenRotary Drilling


Shelby Tube


NX Rock Core


Bulk Sample


Piston Sampler


HQ Rock Core


CLAYEY SAND


Diamond Core


Unit Weight (ASTM D 4767-04)


GRAVELLY fat CLAY with SAND


ORGANIC fat CLAY
ORGANIC fat CLAY with SAND
ORGANIC fat CLAY with GRAVEL
SANDY ORGANIC fat CLAY


Elastic SILT with SAND


UU


SILTY, CLAYEY GRAVEL


UWSANDY fat CLAY


CP


PP
R


SL


Poorly graded SAND


Poorly graded SAND with GRAVEL


Poorly graded SAND with SILT and GRAVEL


SANDY lean CLAY


Unconsolidated Undrained Triaxial
(ASTM D 2850-03)


UC


SILTY CLAY
SILTY CLAY with SAND


CU


PL
Pressure MeterPM
Pocket Penetrometer


SG


GRAVELLY fat CLAY


TV


SANDY fat CLAY with GRAVEL


Well-graded SAND with CLAY and GRAVEL
(or SILTY CLAY and GRAVEL)


ORGANIC lean CLAY with SAND
ORGANIC lean CLAY with GRAVEL
SANDY ORGANIC lean CLAY
SANDY ORGANIC lean CLAY with GRAVEL


Fat CLAY with SAND
Fat CLAY with GRAVEL


Well-graded SAND


SW


ORGANIC elastic SILT with SAND


Well-graded GRAVEL with SILT


Well-graded GRAVEL with CLAY and SAND
(or SILTY CLAY and SAND)


Well-graded SAND with CLAY (or SILTY CLAY)


Poorly graded GRAVEL


Poorly graded GRAVEL with CLAY
(or SILTY CLAY)


Poorly graded SAND with SILT


Poorly graded SAND with CLAY (or SILTY CLAY)


Well-graded SAND with SILT and GRAVEL


Lean CLAY


COBBLES


SANDY ORGANIC elastic SILT with GRAVEL
GRAVELLY ORGANIC elastic SILT
GRAVELLY ORGANIC elastic SILT with SAND


GW-GC


GP-GM


GP-GC


GM


Poorly graded SAND with CLAY and GRAVEL
(or SILTY CLAY and GRAVEL)


SILTY, CLAYEY SAND with GRAVEL


Project:   State Route 91 Retaining Walls and Soundwalls


Well-graded GRAVEL with SAND


Standard Penetration Test (SPT)


CLAYEY SAND with GRAVEL


SILTY SAND with GRAVEL


SILT with SAND


DRILLING METHOD SYMBOLS


SILTY CLAY with GRAVEL
SANDY SILTY CLAY
SANDY SILTY CLAY with GRAVEL


GRAVELLY SILTY CLAY with SAND


SILT with GRAVEL
SANDY SILT
SANDY SILT with GRAVEL


PEAT


Well-graded GRAVEL with SILT and SAND


Well-graded GRAVEL with CLAY (or SILTY CLAY)


GRAVELLY ORGANIC fat CLAY


GRAVELLY SILTY CLAY


Well-graded SAND with GRAVEL
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GRAVELLY lean CLAY with SAND


GROUP SYMBOLS AND NAMES


GRAVELLY ORGANIC SOIL


OL/OH


ORGANIC SOIL
ORGANIC SOIL with SAND
ORGANIC SOIL with GRAVEL


SANDY ORGANIC SOIL with GRAVEL


MH


GRAVELLY ORGANIC SOIL with SAND


WA


SANDY elastic ELASTIC SILT


SANDY ORGANIC SOIL


M


GRAVELLY lean CLAY


SAMPLER GRAPHIC SYMBOLS


Direct Shear (ASTM D 3080-04)DS
Expansion Index (ASTM D 4829-03)


OH


Moisture Content (ASTM D 2216-05)


OC Organic Content (ASTM D 2974-07)


Permeability (CTM 220 - 05)P
PA


Well-graded GRAVEL


Poorly graded GRAVEL with SILT


Group Names


EI


Standard California Sampler


SILTY GRAVEL with SAND


CLAYEY GRAVEL with SAND


Modified California Sampler


Well-graded SAND with SILT


Figure A-1


First Water Level Reading (during drilling)


SC-SM


Graphic / Symbol Graphic / Symbol Group Names


SILTY, CLAYEY SAND


GC


GP


GC-GM


SP-SC


SW


SP


SW-SM


SILTY, CLAYEY GRAVEL with SAND


Lean CLAY with SAND


GRAVELLY SILT
GRAVELLY SILT with SAND


SILT


ORGANIC SILT with SAND
ORGANIC SILT with GRAVEL
SANDY ORGANIC SILT


Consolidated Undrained Triaxial (ASTM D 4767-02)


Lean CLAY with GRAVEL


SANDY lean CLAY with GRAVEL


ORGANIC lean CLAY


GRAVELLY ORGANIC lean CLAY
GRAVELLY ORGANIC lean CLAY with SAND


Fat CLAY


Elastic SILT with GRAVEL
SANDY elastic SILT


C


Compaction Curve (CTM 216 - 06)


GRAVELLY ORGANIC fat CLAY with SAND


Elastic SILT


ORGANIC elastic SILT with GRAVEL


SW-SC


SP-SM


Consolidation (ASTM D 2435-04)


Liquid Limit, Plastic Limit, Plasticity Index
(AASHTO T 89-02, AASHTO T 90-00)


Collapse Potential (ASTM D 5333-03)


Sand Equivalent (CTM 217 - 99)


Corrosion, Sulfates, Chlorides (CTM 643 - 99;
CTM 417 - 06; CTM 422 - 06)


GRAVELLY elastic SILT with SAND


SANDY elastic SILT with GRAVEL


OL


OL


SE


CH


Static Water Level Reading (short-term)


Specific Gravity (AASHTO T 100-06)


SANDY ORGANIC fat CLAY with GRAVEL


ORGANIC elastic SILT


SANDY ORGANIC SILT with GRAVEL
GRAVELLY ORGANIC SILT
GRAVELLY ORGANIC SILT with SAND


ORGANIC SILT


PI
Particle Size Analysis (ASTM D 422-63 [2002])


Minus #200 (ASTM D 1140)


R-Value (CTM 301 - 00)


GRAVELLY elastic SILT


Shrinkage Limit (ASTM D 427-04)


Swell Potential (ASTM D 4546-03)


Pocket Torvane


Unconfined Compression - Soil (ASTM D 2166-06)
Unconfined Compression - Rock (ASTM D 2938-95)


CL


Auger Drilling


CR


Point Load Index  (ASTM D 5731-05)







Crumbles or breaks with considerable
finger pressure.


< 0.25Very Soft


It takes considerable time rolling and kneading to reach the plastic limit.  The thread can be rerolled several times
after reaching the plastic limit.  The lump can be formed without crumbling when drier than the plastic limit.


SOIL PARTICLE SIZE


Crumbles or breaks with handling or
little finger pressure.


Will not crumble or break with finger
pressure.


1.0 - 2.0
> 2.0


Weak


Moderate


Coarse
No. 4 Sieve to 3/4 inchFine


Coarse
Cobble


PLASTICITY OF FINE-GRAINED SOILS
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Particles are present but estimated
to be less than 5%


0.25 - 0.50


Low


Very Stiff
Hard


Medium Stiff 0.50 - 1.0 0.50 - 1.0 0.25 - 0.50


< 0.12
0.12 - 0.25


SPT N60 - Value (blows / foot)


0.25 - 0.50Soft


Pocket
Penetrometer (tsf)


2.0 - 4.0
> 4.0


2.0 - 4.0
> 4.0


< 0.25
Easily penetrated several inches by thumb


PERCENT OR PROPORTION OF SOILS


Can be penetrated several inches by thumb
with moderate effort


Torvane (tsf)
Unconfined Compressive
Strength (tsf) Field Approximation


Damp but no visible water


Dry
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Readily indented by thumb but penetrated
only with great effort


3 to 12 inches


Loose


Very Loose


30 to 45%


Little 15 to 25%


Few 5 to 10% 3/4 inch to 3 inches


> 12 inches


Descriptor


Gravel


Trace


Criteria


Boulder


Sand
No. 10 Sieve to No. 4 Sieve
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Absence of moisture, dusty, dry to the touch


Passing No. 200 Sieve
50 to 100%Mostly


Descriptor Size


CONSISTENCY OF COHESIVE SOILS


Stiff 1.0 - 2.0


Silt and Clay


The thread can barely be rolled, and the lump cannot be formed when drier than the plastic limit.


Strong


NOTE:  This legend sheet provides descriptors and
associated criteria for required soil description components
only.  Refer to Caltrans Soil and Rock Logging, Classification,
and Presentation Manual (July 2007), Section 2, for tables of
additional soil description components and discussion of soil
description and identification.


Medium


CriteriaDescriptor


Some


The thread is easy to roll, and not much time is required to reach the plastic limit; it cannot be rerolled after
reaching the plastic limit.  The lump crumbles when drier than the plastic limit.


No. 200 Sieve to No. 40 Sieve


A 1/8-inch thread cannot be rolled at any water content.


CriteriaDescriptor


Indented by thumbnail with difficulty
Readily indented by thumbnail


Easily penetrated several inches by fist


High


Nonplastic


CEMENTATION


5 - 10


Medium Dense


Dense


Descriptor


Figure A-1
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1.0 - 2.0


31 - 50


Sheet 2 of 2


> 50


Fine
Medium No. 40 Sieve to No. 10 Sieve


Descriptor


Visible free water, usually soil is below
water table


Criteria


11 - 30


0 - 4


Wet


APPARENT DENSITY OF COHESIONLESS SOILS MOISTURE


Moist


Descriptor


0.50 - 1.0


Very Dense
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Hand auger to 5 ft.
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Pavement:  asphalt on base course
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... becomes medium dense


ALLUVIUM (Qal):  CLAYEY SAND (SC), loose, brown, moist, about
60% coarse to fine SAND, about 40% fines


... becomes brown to dark gray, about 60% medium to fine SAND, about
40% fines


FILL (Af):  CLAYEY SAND (SC), dense, brown, moist, <5% fine angular
GRAVEL, about 55% coarse to fine SAND, about 45% fines
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WA: 42%<#200 sieve


PA: 38%<#200 sieve


... becomes very dense, dark gray, moist, sand grades fine
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Figure A-2


Sampling
Method(s)


Logged ByDate(s)
Drilled


Drill Rig
Type


P. McDonald


Diedrich D-120


Location Hammer Efficiency
Rating (ERi)


Mixture of bentonite chips and soil
cuttings capped with asphalt


Groundwater
Level(s)


31.5 feet


Refer to Site Plan (Station 173+00)


Bulk, SPT, Modified California


Tri-County Drilling


75% (estimated)


852.4 feet


Checked By P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


2/19/08


8-inch bullet bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface Elevation
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CLAYEY SAND (SC), medium dense, brown, moist, about 60% coarse to fine
SAND, about 40% fines (continued)
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... becomes medium dense, sand grades coarse to fine


CLAYEY SAND (SC), medium dense, brown, moist, about 80% coarse to fine
SAND, about 20% fines


116


109


9.2


6.8


6.0


S05


S04


S03


S02


S01


7.9


DS


ALLUVIUM (Qal):  CLAYEY SAND (SC), loose, brown to dark brown, moist,
about 60-70% medium to fine SAND, about 30-40% fines


FILL (Af):  SILTY SAND (SM), very dense, brown, moist, about 80% coarse to
fine SAND, about 20% fines


Pavement:  asphalt on base course


12


15


16


10


WA: 18%<#200 sieve


SILT (ML), stiff, brown, moist, about 10% fine SAND, about 90% fines


3300 ohm/cm
Min. Resistivity=
Chloride=270 ppm
Sulfate=1044 ppm


CR:  pH=7.0
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Figure A-3


Date(s)
Drilled P. McDonald


Location Hammer Efficiency
Rating (ERi)


Logged By


Groundwater
Level(s)


Checked By


Hollow-Stem AugerDrilling
Method


Mixture of bentonite chips and soil
cuttings capped with asphalt


2/19/08


846.2 feet


61.0 feet


Tri-County Drilling


P. Yerra


Bulk, SPT, Modified California Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Refer to Site Plan (Station 175+60) 75% (estimated)


Hammer Data


8-inch bullet bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationDiedrich D-120


Sampling
Method(s)
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CLAYEY SAND (SC), medium dense, brown, moist, about 80% medium to
fine SAND, about 20% fines (continued)


SANDY lean CLAY (CL), hard, yellowish red, moist, about 40% coarse to fine
SAND, about 60% fines


SILTY SAND (SM), very dense, brown to brownish yellow, moist, trace fine
angular GRAVEL, coarse to fine SAND


Bottom of borehole at 61.0 feet bgs.
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SILTY SAND (SM), medium dense, brown to light grayish brown, moist,
medium to fine SAND


ALLUVIUM (Qal):  SANDY lean CLAY (CL), very stiff, brown, moist, medium to
fine SAND, low plasticity fines


SANDY SILTY CLAY (CL-ML), hard, grayish brown, moist, trace fine
subangular GRAVEL, medium to fine SAND, low plasticity fines


... becomes very dense, brownish gray, sand grades medium to fine, with
organics; sample contains cigar wrapper


Pavement:  asphalt on base course
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86/11"


34


LL=24, PI=7


Add water.


FILL (Af):  CLAYEY SAND (SC), dense, brown to dark brown, moist, coarse to
fine SAND
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Project Location:   Retaining Wall 194, Riverside, CA


Location


Sampling
Method(s)


Logged ByDate(s)
Drilled


Drill Rig
Type


Hammer Efficiency
Rating (ERi)


Mixture of bentonite chips and soil
cuttings capped with asphalt


Groundwater
Level(s)


Checked By


Hollow-Stem Auger


C. Carbino P. Yerra


Refer to Site Plan (Station 194+40)


Bulk, SPT, Modified California


Tri-County Drilling


75% (estimated)


861.9 feet


31.5 feet


Automatic hammer,
140 lbs / 30-inch dropHammer Data


3/4/08


8-inch bullet bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationDiedrich D-120
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SANDY lean CLAY (CL), very stiff, brown, moist, medium to fine SAND, low
plasticity fines


REMARKS AND
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Project Location:   Retaining Wall 194, Riverside, CA


Figure A-4
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


... becomes very dense, trace coarse to fine angular gravel to 1 inch
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CLAYEY SAND (SC), dense, brown, moist, about 70% coarse to fine SAND,
about 30% low plasticity fines


134


128


8.1


11.6


ALLUVIUM (Qal):  CLAYEY SAND (SC), loose, brown, moist, medium to fine
SAND


8.0


S05


S04


S03


S02


S01


10.5


LL=24, PI=2
... becomes very stiff, brown, moist, sand grades coarse to fine


FILL (Af):  SANDY SILT (ML), gray to brown, dry to moist, fine SAND, low
plasticity fines


Pavement:  asphalt on base course


5


47


31


42


27


DS


3500 ohm/cm
Min. Resistivity=
Chloride=165 ppm
Sulfate=ND


CR:  pH=7.9


Borehole
Backfill


WA: 31%<#200 sieve
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Figure A-5


Logged By


Drill Rig
Type


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Bentonite chips capped with asphalt


Hammer Data


Refer to Site Plan (Station 196+80)


Bulk, SPT, Modified California


CalTrans


84%


866.8 feet


51.5 feet


P. YerraDate(s)
Drilled


Automatic hammer,
140 lbs / 30-inch drop


Sampling
Method(s)


1/8/08


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000
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CLAYEY SAND (SC), very loose, brown, moist, coarse to fine SAND
(continued)


SANDY lean CLAY (CL), stiff, brown, dry to moist, <5% fine GRAVEL, about
35% medium to fine SAND, about 65% low plasticity fines


... becomes very stiff, less sandy


Poorly graded SAND (SP), medium dense, brown, dry to moist, trace fine
subangular GRAVEL to 1/2 inch, medium to fine SAND


Poorly graded SAND with SILT (SP-SM), dense, olive to grayish brown, dry to
moist, about 90-95% coarse to fine SAND, about 5-10% fines


SANDY SILT (ML), stiff, brown, dry to moist, fine SAND, low plasticity fines


SILTY SAND (SM), medium dense, brown, dry to moist, coarse to fine SAND
Bottom of borehole at 51.5 feet bgs.
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MATERIAL  DESCRIPTION
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9 PA: 65%<#200 sieve


Losing water
circulation.


Sampler not lined;
retain bag sample.


Very low on drilling
water.


Terminate drilling; out
of water.
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, dark yellowish
brown, moist, <5% fine GRAVEL, about 70% medium to fine SAND, about
30% low plasticity fines
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... becomes dense, dark brown to olive brown, moist
132


6.9


12.7


8.7


SANDY lean CLAY (CL), very stiff, yellowish brown, dry to moist, medium to
fine SAND


S05


S04


S03


S02


S01


6.4


Min. Resistivity=


CLAYEY SAND (SC), medium dense, yellowish brown, dry, mostly medium to
fine SAND, low plasticity fines


FILL (Af):  SANDY lean CLAY (CL), light yellowish brown, dry, fine SAND


Pavement:  asphalt on base course
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22


13


49


22


2500 ohm/cm


Chloride=75 ppm
Sulfate=30 ppm


CR:  pH=7.0


LL=28, PI=12
DS


Borehole
Backfill


PA: 29%<#200 sieve
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Figure A-6


Date(s)
Drilled C. Carbino


Location Hammer Efficiency
Rating (ERi)


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Bentonite chips capped with asphalt


2/13/08 - 2/14/08


868.1 feet


80.8 feet


CalTrans


P. Yerra


Bulk, SPT, Modified California Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Refer to Site Plan (Station 200+30) 74%


Hammer Data


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationAcker Rig


Sampling
Method(s)
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SANDY lean CLAY (CL), very stiff, yellowish brown, dry to moist, medium to
fine SAND (continued)


CLAYEY SAND (SC), medium dense, yellowish brown to olive brown, moist,
about 75% coarse to fine SAND, about 25% fines


SANDY lean CLAY (CL), very stiff, yellowish brown, dry to moist, about
45% medium to fine SAND, about 55% low to medium plasticity fines


SANDY SILT (ML), very stiff, yellowish brown, dry to moist, about
45% medium to fine SAND, about 55% nonplastic to low plasticity fines


... becomes hard, with sandy lenses
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... no sandy lenses
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WA: 26%<#200 sieve


Disturbed sample.


WA: 57%<#200 sieve
LL=33, PI=14


LL=29, PI=3
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Log of Boring R-07-105


Figure A-6


Project Location:   Retaining Wall 198, Riverside, CA
Project:   State Route 91 Retaining Walls and Soundwalls
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REMARKS AND
OTHER TESTS


... becomes greenish gray, increasing fines
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MATERIAL  DESCRIPTION


S14


S15


S16
Bottom of borehole at 80.8 feet bgs.
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52


44


50/3"


SANDY SILT (ML), hard, yellowish brown, dry to moist, about 45% medium to
fine SAND, about 55% nonplastic to low plasticity fines (continued)


... with sandy lenses


Poorly graded SAND with CLAY (SP-SC), very dense, yellowish brown, dry to
moist, mostly medium to fine SAND


CLAYEY SAND (SC/CL), very dense, orange-brown, dry to moist, coarse to
fine SAND


SAMPLES


Figure A-6


Project Location:   Retaining Wall 198, Riverside, CA
Log of Boring R-07-105
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... increase in fines content to about 70%


SANDY lean CLAY (CL), stiff, olive brown, dry to moist, <5% fine GRAVEL to
coarse SAND, about 45% medium to fine SAND, about 55% low plasticity
fines


... becomes dry to moist; increase in fines content to about 35%


ALLUVIUM (Qal):  CLAYEY SAND (SC), loose, olive brown, dry, about
80% medium to fine SAND, about 20% fines


Pavement:  asphalt on base course


13


10


7


6


LL=28, PI=8
PA: 55%<#200 sieve


WA: 36%<#200 sieve


Drilling
Method


FILL (Af):  SILT with SAND (ML), light brown, dry
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Figure A-7


Project Location:   Retaining Wall 200, Riverside, CA


Location


Logged ByDate(s)
Drilled


Drill Rig
Type


Hammer Efficiency
Rating (ERi)


Bentonite chips capped with
cement grout


Groundwater
Level(s)


Checked ByD. Wader P. Yerra


Refer to Site Plan (Station 200+50)


Bulk, SPT


CalTrans


84%


857.0 feet


Sampling
Method(s)


51.5 feet


Automatic hammer,
140 lbs / 30-inch dropHammer Data


12/13/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







SANDY lean CLAY (CL), stiff, brown to olive brown, dry to moist, fine SAND,
low to medium plasticity fines


CLAYEY SAND (SC), medium dense, brown, dry to moist, about 80% medium
to fine SAND, about 20% fines


SANDY lean CLAY (CL), stiff, brown to olive brown, dry to moist, fine SAND,
low plasticity fines


Bottom of borehole at 51.5 feet bgs.


SANDY lean CLAY (CL), stiff, olive brown, dry to moist, <5% fine GRAVEL to
coarse SAND, about 30% medium to fine SAND, about 70% low plasticity
fines (continued)


Ty
pe
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OTHER TESTS
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CLAYEY SAND (SC), medium dense, dark olive brown, dry to moist, about
75-80% coarse to fine SAND, about 20-25% fines
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Project Location:   Retaining Wall 200, Riverside, CA
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4000 ohm/cm
Min. Resistivity=
Chloride=285 ppm
Sulfate=888 ppm


CR:  pH=6.8


Gravel only in top of
top tube.121


111


7.9


17.8


9.4


12.1


ALLUVIUM (Qal):  CLAYEY SAND (SC), very dense, dark gray, moist, fine
SAND


Ty
pe


Date(s)
Drilled


Poorly graded SAND (SP), dense, reddish brown, moist, trace GRAVEL,
medium to fine SAND


... becomes dense, reddish brown, increasing sand


PA: 20%<#200 sieve
... becomes medium dense, gray, <5% fine GRAVEL, about 80% coarse to


fine SAND, about 20% fines


DS


FILL (Af):  SANDY lean CLAY (CL), brown, moist, coarse to fine SAND


Pavement:  asphalt on base course


58


43


20
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64


... becomes light reddish brown, sand grades fine


Drilling
Contractor


8.9


863.3 feet


62.5 feet


P. Yerra


Manual trip hammer,
140 lbs / 30-inch dropHammer Data


1/8/08


CalTrans


Not encountered Bulk, SPT, Modified California


Surveyed Ground
Surface ElevationMobile B-47


Sampling
Method(s)


Logged By


4.5-inch finger bit


S05


S04


S03


S02


60% (estimated)


D01


Refer to Site Plan (Station 203+60)


S01A


S01B


A. Burciaga
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Figure A-8
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method
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Borehole
Backfill Bentonite chips capped with asphalt


Total Depth
of Borehole


Drill Bit
Size/Type
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SANDY lean CLAY (CL), very stiff, reddish brown, moist, about 40% medium
to fine SAND, about 60% low plasticity fines


... decreasing sand


... becomes hard


Bottom of borehole at 62.5 feet bgs.
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LL=27, PI=8


Sample S07-3 wet
from drill mud.


WA: 59%<#200 sieve


Driller did not hammer
last 6-inch interval.
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Figure A-8


Project Location:   Retaining Wall 198, Riverside, CA
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SANDY lean CLAY (CL) stiff, olive brown, dry to moist, about 45-50% medium
to fine SAND, about 50-55% fines


MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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SANDY lean CLAY (CL), stiff, olive brown, moist, fine SAND
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SILTY SAND (SM), medium dense, dark olive brown, moist, coarse to fine
SAND
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SILTY SAND (SM), medium dense, dark olive brown, moist, about 85% coarse
to fine SAND, about 15% fines


17.8


18.5


4.6


S05A


S05B


S04


S03


S02


S01


PA: 6%<#200 sieve


Well-graded SAND with SILT (SW-SM), medium dense, dark olive brown,
moist, <5% fine GRAVEL, about 95% coarse to fine SAND, about 5% fines


ALLUVIUM (Qal):  CLAYEY SAND (SC), loose, brown to dark brown, moist,
about 55% coarse to fine SAND, about 45% fines


Pavement:  asphalt on base course


11


18


15


7


4


WA: 51%<#200 sieve


WA: 46%<#200 sieve


1400 ohm/cm
Min. Resistivity=
Chloride=45 ppm
Sulfate=240 ppm


CR:  pH=6.6


WA: 15%<#200 sieve
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Project Number:     30989802
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Project Location:   Retaining Wall 200, Riverside, CA


Groundwater
Level(s)


Refer to Site Plan (Station 204+80)Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with
cement grout


Date(s)
Drilled


Drill Rig
Type


Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


11/15/07


Bulk, SPT


CalTrans


84%


860.5 feet


51.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


D. WaderLogged By


Surveyed Ground
Surface Elevation


Sampling
Method(s)


CS2000 Drilling
Contractor


Not encountered


4.5-inch finger bit







REMARKS AND
OTHER TESTS


... increasing sand content


Bottom of borehole at 51.5 feet bgs.
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SANDY lean CLAY (CL), stiff, olive brown, moist, fine SAND (continued)
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SANDY lean CLAY (CL), very stiff, olive brown, dry to moist, fine SAND, low
plasticity fines


CLAYEY SAND (SC), medium dense, olive brown, moist, mostly medium to
fine SAND
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Figure A-9
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Poorly graded SAND with SILT (SP-SM), medium dense, orange-brown,
moist, coarse to fine SAND


Ty
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REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION


SILTY SAND (SM), medium dense, brownish gray, moist, coarse to fine
SAND; occurs as poorly graded sand with very silty lenses


SANDY lean CLAY (CL), stiff, brown, moist, about 30% medium to fine SAND,
about 70% low plasticity fines


SILTY SAND (SM), medium dense, brown, moist, medium to fine SAND,
nonplastic fines


Poorly graded SAND (SP), medium dense, gray, moist, coarse to fine SAND,
trace fines


Well-graded SAND with SILT (SW-SM), medium dense, brown, moist,
<5% fine GRAVEL, about 90% coarse to fine SAND, about 10% nonplastic
fines
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ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, brownish gray, moist,
coarse to fine SAND, low plasticity fines
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SANDY lean CLAY (CL), very stiff, brown, moist, about 45-50% medium to
fine SAND, about 50-55% low plasticity fines
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S01


DS


Pavement:  asphalt on base course
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WA: 69%<#200 sieve


PA: 6%<#200 sieve
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WA: 52%<#200 sieve


Low recovery for bulk
sample.


LL=33, PI=13


Bulk, SPT, Modified California
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Project Location:   Retaining Wall 200, Riverside, CA


Figure A-10


Drilling
Method


CalTrans


Hammer Efficiency
Rating (ERi)


Groundwater
Level(s)


C. Carbino


Rotary Wash


Location


Drill Bit
Size/Type


Borehole
Backfill


Checked By


Drilling
Contractor


74%


860.0 feet


71.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


2/6/08 - 2/7/08


4.5-inch finger bit


Bentonite chips capped with asphalt


Not encountered


Surveyed Ground
Surface Elevation


Drill Rig
Type Acker Rig


Date(s)
Drilled Logged By


Sampling
Method(s)
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SANDY lean CLAY (CL), hard, brown to yellowish brown, moist, medium to
fine SAND, low plasticity fines


SILTY, CLAYEY SAND (SC-SM), medium dense, brown, moist, <5% fine
angular GRAVEL, about 60% medium to fine SAND, about 40% low plasticity
fines


SANDY lean CLAY (CL), stiff, brown, moist, medium to fine SAND, low
plasticity fines


SILTY SAND (SM), medium dense, brownish gray, moist, coarse to fine
SAND; occurs as poorly graded sand with very silty lenses (continued)


Poorly graded SAND (SP), dense, brown, moist, coarse to fine SAND


66


SANDY lean CLAY (CL), hard, brown to yellowish brown, moist, fine SAND,
low plasticity fines


47
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LL=24, PI=7
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S06


SILTY, CLAYEY SAND (SC-SM), dense, brown, moist, trace fine angular
GRAVEL, medium to fine SAND, low plasticity fines


SANDY lean CLAY (CL), hard, brown, moist, medium to fine SAND, low
plasticity fines


CLAYEY SAND (SC), medium dense, brown, moist, medium to fine SAND,
low plasticity fines


SILTY SAND (SM/ML), medium dense, brown, moist, coarse to fine SAND,
nonplastic fines


WA: 38%<#200 sieve
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Project Location:   Retaining Wall 200, Riverside, CA
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OTHER TESTS
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... fine sand
S14
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MATERIAL  DESCRIPTION


SANDY lean CLAY (CL), hard, brown, moist, medium to fine SAND, low
plasticity fines (continued)


REMARKS AND
OTHER TESTS


Bottom of borehole at 71.5 feet bgs.
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Figure A-10
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Ty
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SAMPLES


Poorly graded SAND with SILT (SP-SM), dense, grayish brown, moist, about
90% coarse to fine SAND, about 10% fines


18.4


13.7


14.5


16.5


17.2


S05


S04


S03


S02


S01


4


SANDY lean CLAY (CL), medium stiff, brown, moist, medium to fine SAND,
interbedded coarse SAND


SILTY, CLAYEY SAND (SC-SM), medium dense, grayish brown, moist,
<5% fine GRAVEL, about 60% medium to fine SAND, about 40% low plasticity
fines


SANDY lean CLAY (CL), medium stiff, brown, moist, medium to fine SAND


... becomes loose


ALLUVIUM (Qal):  SILTY, CLAYEY SAND (SC-SM), very loose, grayish
brown, moist, <5% fine GRAVEL, about 65% coarse to fine SAND, about
35% low plasticity fines


FILL (Af):  SANDY lean CLAY (CL), soft, brown, moist, medium to fine SAND


Pavement:  asphalt on base course
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WA: 41%<#200 sieve


PA: 33%<#200 sieve
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Logged By


Drill Rig
Type


P. Chau


Location Hammer Efficiency
Rating (ERi)


Date(s)
Drilled


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Bentonite chips capped with asphalt Refer to Site Plan (Station 230+30)


Bulk, SPT


CalTrans


84%


869.8 feet


71.5 feet


S. Pirathiviraj


Automatic hammer,
140 lbs / 30-inch dropHammer DataSampling


Method(s)


12/5/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







20


32


21


Poorly graded SAND with SILT (SP-SM), dense, grayish brown, moist, about
90% coarse to fine SAND, about 10% fines (continued)


SANDY lean CLAY (CL), stiff, dark brown, moist, medium to fine SAND, low
plasticity fines


... becomes very stiff, brown


... sand grades coarse to fine


... trace fine gravel


CLAYEY SAND with GRAVEL (SC), dense, brown, moist, fine angular
GRAVEL, coarse to fine sand SAND, interbedded coarse SAND


... becomes medium dense, mostly coarse sand
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MATERIAL  DESCRIPTION
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CLAYEY SAND (SC), very dense, brown, moist, coarse to medium SAND
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... becomes dense, mostly medium sand
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MATERIAL  DESCRIPTION


CLAYEY SAND (SC), very dense, brown, moist, coarse to medium SAND
(continued)


REMARKS AND
OTHER TESTS


Bottom of borehole at 71.5 feet bgs.
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Figure A-11
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MATERIAL  DESCRIPTION


Min. Resistivity=
Chloride=150 ppm
Sulfate=57 ppm


CR:  pH=8.4
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1700 ohm/cm


SANDY lean CLAY (CL), stiff, yellowish brown, moist, medium to fine SAND,
low plasticity fines


CLAYEY SAND (SC), medium dense, brown, moist, about 65% coarse to fine
SAND, about 35% low plasticity fines


FILL (Af):  SANDY lean CLAY (CL), brown, dry to moist, trace fine GRAVEL to
1/2 inch, medium to fine SAND, low plasticity fines


Pavement:  asphalt on base course


12
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15


... becomes very stiff, yellowish brown to brown, dry to moist


13


D01


Min. Resistivity=
Chloride=60 ppm
Sulfate=99 ppm


CR:  pH=7.5
Composite S04+S05:


WA: 62%<#200 sieve
DS


LL=30, PI=11
PA: 33%<#200 sieve
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ALLUVIUM (Qal):  SANDY lean CLAY (CL), stiff, yellowish brown, moist, about
40% medium to fine SAND, about 60% low plasticity fines
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Bulk, SPT, Modified California
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Refer to Site Plan (Station 237+55)


Project Location:   Retaining Wall 231, Riverside, CA


Figure A-12


Checked ByC. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Date(s)
Drilled


Groundwater
Level(s)


Logged By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


Drilling
Contractor


84%


883.1 feet


71.5 feet


S. Pirathiviraj


Automatic hammer,
140 lbs / 30-inch dropHammer Data


1/10/08


4.5-inch finger bit


Drill Rig
Type


Not encountered


CalTrans Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)
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WA: 18%<#200 sieve
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SANDY lean CLAY (CL), very stiff, yellowish brown to brown, dry to moist,
about 40% medium to fine SAND, about 60% low plasticity fines (continued)


CLAYEY SAND (SC), medium dense, brown, dry to moist, <5% fine angular
GRAVEL to 3/4 inch, about 80% medium to fine SAND, about 20% fines


... with lenses of coarse to fine gravel


... becomes dense
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... sand grades medium to fine
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SANDY lean CLAY (CL), very stiff, brown, dry to moist, fine SAND, low
plasticity fines
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Figure A-12


Project Location:   Retaining Wall 231, Riverside, CA
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SANDY lean CLAY (CL), very stiff, brown, dry to moist, medium to fine SAND,
low plasticity fines (continued)


... becomes hard


S13


S14


MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Bottom of borehole at 71.5 feet bgs.
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Project Location:   Retaining Wall 231, Riverside, CA


Figure A-12
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


... slight increase in fines content
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ALLUVIUM (Qal):  SANDY lean CLAY (CL), stiff, brown, moist, about
40% medium to fine SAND, about 60% low plasticity fines


13.9


17.0


12.6


16.5


CLAYEY SAND (SC), medium dense, brown, moist, mostly medium to fine
SAND


S05


S04


S03


S02


S01 12.822


... trace coarse gravel


... sand grades fine


... becomes medium dense


CLAYEY SAND (SC), dense, dark brown, moist, about 60% medium to fine
SAND, about 40% fines


FILL (Af):  SANDY SILT (ML/SM), brown, fine SAND


Concrete approx. 9 inches thick


11


11


12


WA: 62%<#200 sieve


PA: 58%<#200 sieve


Crushed 3-inch piece
of gravel in top of
sampler.


WA: 38%<#200 sieve


Bulk sample wet from
coring through
concrete.


Borehole
Backfill
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Figure A-13


Date(s)
Drilled D. Wader


Location Hammer Efficiency
Rating (ERi)


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Bentonite chips capped with concrete


12/5/07


882.7 feet


71.5 feet


CalTrans


P. Yerra


Bulk, SPT Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Refer to Site Plan (Station 240+00) 84%


Hammer Data


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)







Ty
pe


12


CLAYEY SAND (SC), medium dense, brown, moist, mostly medium to fine
SAND (continued)


... becomes dark olive brown, moist, sand grades coarse to fine


... becomes brown, sand grades mostly medium to fine


... becomes dark olive brown, sand grades coarse to fine


... becomes brown, sand grades fine


SANDY lean CLAY (CL), stiff, reddish brown, moist, medium to fine SAND,
low to medium plasticity fines


... sand grades coarse to fine


SILTY SAND (SM), very dense, olive brown, moist, about 75-80% fine SAND,
about 20-25% nonplastic fines
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S13
SILTY SAND (SM), very dense, olive brown, moist, about 75-80% fine SAND,
about 20-25% nonplastic fines (continued)


S14


REMARKS AND
OTHER TESTS


34


Poorly graded SAND with SILT (SP-SM), dense, brown, moist, about
90% coarse to fine SAND, about 10% fines


Bottom of borehole at 71.5 feet bgs.
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ALLUVIUM (Qal):  SANDY lean CLAY (CL), soft, dark brown, moist, about
45% medium to fine SAND, about 55% fines


MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Ty
pe


CLAYEY SAND (SC), medium dense, dark brown, moist, coarse to fine SAND


SANDY lean CLAY (CL), stiff, dark brown, moist, coarse to fine SAND
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... becomes dense, dark grayish brown, sand grades coarse to fine
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CLAYEY SAND (SC), medium dense, dark brown, moist, coarse to fine SAND


7.0


10.8


9.7


10.6


18.5


S05


S04


S03


S02


S01 PA: 34%<#200 sieve


... becomes dark brown


... becomes very dense


FILL (Af):  CLAYEY SAND (SC), loose, dark grayish brown, moist, about
10% fine angular GRAVEL, about 55% medium to fine SAND, about 35% fines


Concrete approx. 18 inches thick


10


3


22


39


WA: 56%<#200 sieve


2250 ohm/cm
Min. Resistivity=
Chloride=90 ppm
Sulfate=186 ppm


CR:  pH=11.6
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Project Location:   Retaining Wall 240, Riverside, CA


Groundwater
Level(s)


Refer to Site Plan (Station 240+90)Location Hammer Efficiency
Rating (ERi)


Soil cuttings capped with cement grout


Date(s)
Drilled


Drill Rig
Type


Checked By


Hollow-Stem AugerDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


11/8/07


Bulk, SPT, Modified California


CalTrans


84%


882.2 feet


71.5 feet


S. Pirathiviraj


Automatic hammer,
140 lbs / 30-inch dropHammer Data


P. ChauLogged By


6-inch-OD / 4.5-inch-ID auger


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)







SANDY lean CLAY (CL) with interbedded poorly graded SAND (SP), stiff,
brown, moist, coarse SAND, sand beds <1 inch thick


PP=2.1 tsf


WA: 8%<#200 sieve


Clay in sampler shoe.
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31


CLAYEY SAND (SC), medium dense, dark brown, moist, coarse to fine SAND
(continued)


... becomes brown, sand grades mostly medium to fine


Poorly graded SAND with CLAY (SP-SC), medium dense, brown, moist, about
90% medium to fine SAND, about 10% fines


Ty
pe


S06


CLAYEY SAND (SC), dense, brown, moist, coarse to fine SAND


Poorly graded SAND (SP), dense, gray, dry, coarse SAND


CLAYEY SAND (SC), very dense, brown to reddish brown, moist, coarse to
fine SAND


... becomes hard


Lean CLAY (CL), stiff, brown, moist


... no interbedded sand
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S15


Silt in sampler shoe.


51


CLAYEY SAND (SC), very dense, brown to reddish brown, moist, coarse to
fine SAND (continued)


SANDY SILT (ML), hard, olive brown, moist


Bottom of borehole at 71.5 feet bgs.
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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CLAYEY SAND (SC), medium dense, reddish brown, moist, fine SAND


... becomes very stiff


ALLUVIUM (Qal):  SANDY lean CLAY (CL), medium stiff to stiff, reddish
brown, moist, <5% fine GRAVEL, about 40% medium to fine SAND, about
60% low plasticity fines


... becomes dense, few gravel to 1/4 inch
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Pavement:  asphalt on base course
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... medium dense, few gravel to 3/4 inch, about 45-50% fines
S01


D01


S03 115


S04 17.6


12.2
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6.4


117


1600 ohm/cm


22


16
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30


18


LL=32, PI=17
PA: 61%<#200 sieve


S02


WA: 50%<#200 sieve


FILL (Af):  CLAYEY SAND (SC), light brown, dry, few fine GRAVEL to
1/4 inch, medium to fine SAND


Min. Resistivity=
Chloride=75 ppm
Sulfate=30 ppm


CR:  pH=7.7


S05


DS
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Refer to Site Plan (Station 244+20)


Project Location:   Retaining Wall 241, Riverside, CA


Date(s)
Drilled A. Burciaga


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphaltBorehole
Backfill


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Bulk, SPT, Modified California


CalTrans


87%


873.2 feet


72.5 feet


P. Yerra


Drill Rig
Type


Hammer Data


1/10/08


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCME 85


Sampling
Method(s)


Automatic hammer,
140 lbs / 30-inch drop







SANDY lean CLAY (CL), hard, reddish brown, moist


Appears to be zone of
intense weathering.
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CLAYEY SAND (SC), medium dense, reddish brown, moist, fine SAND
(continued)


... becomes brown; contains thin bed of gray sand


Lean CLAY with SAND (CL), stiff to very stiff, light brown, moist, about
20% fine SAND, about 80% fines


CLAYEY SAND with GRAVEL (SC), dense, reddish brown, moist, fine SAND,
intensely weathered granitic gravel disaggregates to well-graded sand and
clay


MATERIAL  DESCRIPTION


Well-graded SAND (SW), very dense, reddish brown to speckled white, gray,
and black, dry, disaggregated granitic rock with unweathered mafic minerals


WA: 82%<#200 sieve
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Possibly highly
weathered granitic
boulder.
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Possibly intensely
weathered granitic
boulder.
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CR:  pH=7.1
Sulfate=42 ppm
Chloride=180 ppm
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MATERIAL  DESCRIPTION


Figure A-15


Edges of unweathered
cobble visible in top of
lower tube, bottom of
middle tube.


SANDY lean CLAY with GRAVEL (CL), hard, reddish brown, moist
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CLAYEY SAND (SC), dense, reddish brown, moist, few GRAVEL, coarse to
fine SAND


SANDY lean CLAY (CL), hard, reddish brown, moist


Bottom of borehole at 72.5 feet bgs.
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MATERIAL  DESCRIPTION
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S01 7.7


11


... becomes stiff


... becomes medium stiff


SANDY lean CLAY (CL), stiff, brown, moist, <5% fine subrounded GRAVEL,
about 35% medium to fine SAND, 65% fines


CLAYEY SAND (SC), medium dense, brown, moist, <5% fine subrounded
GRAVEL, about 65% medium to fine SAND, about 35% fines


ALLUVIUM (Qal):  SANDY lean CLAY (CL), very stiff, brown, moist, about
40% medium to fine SAND, about 60% fines


FILL (Af):  CLAYEY SAND (SC), dense, dark grayish brown, moist, coarse to
medium SAND


Concrete approx. 18 inches thick
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19


22


WA: 64%<#200 sieve


WA: 36%<#200 sieve


PA: 58%<#200 sieve
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Soil cuttings capped with cement grout


Date(s)
Drilled


Drill Rig
Type


P. Chau


Hammer Efficiency
Rating (ERi)


Sampling
Method(s)


Groundwater
Level(s)


Checked By


Hollow-Stem AugerDrilling
Method


Location 84%


870.4 feet


Bulk, SPT


51.5 feet


Refer to Site Plan (Station 245+00)


S. PirathivirajLogged By


CalTrans


Hammer Data Automatic hammer,
140 lbs / 30-inch drop


11/9/07


6-inch-OD / 4.5-inch-ID auger


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000
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SANDY lean CLAY (CL), stiff, brown, moist, <5% fine subrounded GRAVEL,
about 35% medium to fine SAND, 65% fines (continued)


SANDY lean CLAY (CL) with interbedded poorly graded SAND (SP), stiff,
brown, moist, trace rounded GRAVEL, mostly coarse SAND, sand beds
<2 inches thick


... becomes hard, reddish brown; no gravel or interbedded sand


Poorly graded SAND with SILT (SP-SM), very dense, brown, moist, coarse to
medium SAND; occurs as interbedded SILTY SAND (SM) and poorly graded
SAND (SP)


Bottom of borehole at 51.5 feet bgs.
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SILTY SAND (SM/ML), medium dense, brown, moist, coarse to fine SAND


LEAN CLAY (CL), stiff, brown, moist, trace fine GRAVEL
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REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Borehole
Backfill
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... becomes stiff, trace coarse sand


SANDY lean CLAY (CL) stiff, brown, moist, about 40% medium to fine SAND,
about 60% low plasticity fines


11.0


11.8


13.5


13.2


S05


S04


S03


S02


S01


14.3


WA: 32%<#200 sieve


ALLUVIUM (Qal):  SANDY lean CLAY (CL), very stiff, brown, moist, medium to
fine SAND, low plasticity fines


... becomes very stiff, olive brown to yellowish brown, moist, <5% fine angular
GRAVEL, about 45% coarse to fine SAND, about 55% low plasticity fines


FILL (Af):  SANDY lean CLAY (CL), light yellowish brown, dry, trace coarse to
fine angular GRAVEL to 1 inch, fine SAND, low plasticity fines


Pavement:  asphalt on base course
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CLAYEY SAND (SC), medium dense, brown, moist, about 70% coarse to fine
SAND, about 30% fines, scattered very clayey lenses


WA: 56%<#200 sieve


1000 ohm/cm
Min. Resistivity=
Chloride=75 ppm
Sulfate=138 ppm


CR:  pH=7.0
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Figure A-17


Date(s)
Drilled C. Carbino


Location Hammer Efficiency
Rating (ERi)


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Bentonite chips capped with asphalt


1/8/08


868.3 feet


46.5 feet


CalTrans


P. Yerra


Bulk, SPT Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Refer to Site Plan (Station 246+00) 84%


Hammer Data


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)
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WA: 60%<#200 sieve


Boring terminated due
to time restrictions.
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SANDY lean CLAY (CL) very stiff, brown, moist, about 40% medium to fine
SAND, about 60% low plasticity fines (continued)


Figure A-17


Project Location:   Retaining Wall and Soundwall 247, Riverside, CA
Log of Boring R-07-116
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Ty
pe


SANDY lean CLAY (CL), stiff, dark brown, moist, about 40% fine SAND, about
60% fines
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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SILT with SAND (ML), stiff, brown to light olive brown, moist, fine SAND


CLAYEY SAND (SC), dense, dark brown, moist, about 75% coarse to fine
SAND, about 25% fines
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ALLUVIUM (Qal):  CLAYEY SAND (SC), loose, dark brown, moist, about
55% coarse to fine SAND, about 45% fines
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... becomes moderate brown


15.9


23.3


23.9


21.2


22.9


S05


S04


S03


S02


S01


10.4


1200 ohm/cm


Concrete approx. 19 inches thick


23


12
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15
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WA: 25%<#200 sieve


PA: 57%<#200 sieve


WA: 45%<#200 sieve


Min. Resistivity=
Chloride=75 ppm
Sulfate=69 ppm


CR:  pH=6.4


Start drilling on
11/13/07 (p.m.).


Date change to
11/14/07 (a.m.).
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Figure A-18
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Project Location:   Retaining Wall 240, Riverside, CA


Refer to Site Plan (Station 247+70)


Drill Rig
Type


D. Wader


Location Hammer Efficiency
Rating (ERi)


Bentonite capped with cement grout


Logged ByDate(s)
Drilled


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type 4.5-inch finger bit 31.5 feet


S. Pirathiviraj


84%


Automatic hammer,
140 lbs / 30-inch drop


CalTrans


Hammer DataBulk, SPT


864.4 feet


11/13/07 - 11/14/07


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)
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S06


SAMPLES


15.713


Bottom of borehole at 31.5 feet bgs.
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Ty
pe


REMARKS AND
OTHER TESTS


SILT with SAND (ML), stiff, brown to light olive brown, moist, fine SAND
(continued)


Project Location:   Retaining Wall 240, Riverside, CA


Figure A-18
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Log of Boring R-07-117







MATERIAL  DESCRIPTION
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REMARKS AND
OTHER TESTS


Ty
pe
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of Borehole


Drill Bit
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S03


S02


20.3


13


CLAYEY SAND (SC), dense, reddish brown, moist, about 70% coarse to fine
SAND, about 30% fines


SILTY SAND (SM), medium dense, brown, moist, about 80-85% medium to
fine SAND, about about 15-20% fines


... becomes medium stiff


SANDY lean CLAY (CL), stiff, dark brown, moist, about 35% fine SAND, about
65% fines


SILTY, CLAYEY SAND (SC-SM), medium dense, dark brown, moist, coarse to
fine SAND


Pavement:  asphalt on base course
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11


17


11


PA: 67%<#200 sieve


WA: 23%<#200 sieve


No bulk sample
collected.


ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, brown to olive brown,
moist, about 75% medium to fine SAND, about 25% fines
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Figure A-19


Project Location:   Retaining Wall 240, Riverside, CA
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Hammer Efficiency
Rating (ERi)


Date(s)
Drilled


Drill Rig
Type


D. Wader


Location


Sampling
Method(s)


Bentonite capped with asphalt


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Automatic hammer,
140 lbs / 30-inch drop


Refer to Site Plan (Station 250+30)


SPT


CalTrans


84%


861.1 feet


51.5 feet


Logged By S. Pirathiviraj


Hammer Data


11/13/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







REMARKS AND
OTHER TESTS


SANDY lean CLAY (CL), hard, reddish brown, moist, fine SAND


... becomes light olive brown


Bottom of borehole at 51.5 feet bgs.
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Ty
pe


... becomes very dense, reddish brown to light brown mottled, trace fine
angular gravel


CLAYEY SAND (SC), dense, reddish brown, moist, about 70% coarse to fine
SAND, about 30% fines (continued)
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... becomes reddish brown, sand grades fine


SAMPLES


WA: 30%<#200 sieve24
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Figure A-19


Project Location:   Retaining Wall 240, Riverside, CA
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Ty
pe


ALLUVIUM (Qal):  SANDY lean CLAY (CL/SC), medium stiff, brown, moist,
about 50% coarse to fine SAND, about 50% low plasticity fines
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be
r


CLAYEY SAND (SC), dense, yellowish brown, dry to moist, coarse to fine
SAND


... becomes very stiff, moist, sand grades fine


SANDY lean CLAY (CL) stiff, brown, dry to moist, about 35% medium to fine
SAND, about 65% fines


CLAYEY SAND (SC), medium dense, brown to yellowish brown, moist, about
70% coarse to fine SAND, about 30% fines
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FILL (Af):  SANDY lean CLAY (CL), light yellowish brown, dry, fine SAND
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5.6


13.4
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... becomes stiff; contains very sandy lenses


S05
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S03


S02


S01


2100 ohm/cm


Pavement:  asphalt on base course


23
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WA: 63%<#200 sieve


PA: 29%<#200 sieve


WA: 50%<#200 sieve


Min. Resistivity=
Chloride=120 ppm
Sulfate=240 ppm


CR:  pH=8.2


DS
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Refer to Site Plan (Station 251+55)


Figure A-20R
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Project Number:     30989802


860
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835


Project Location:   Retaining Wall and Soundwall 247, Riverside, CA


Checked By


Bulk, SPT, Modified California


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Drill Rig
Type
Groundwater
Level(s)


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


84%


862.3 feet


61.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


1/8/08Date(s)
Drilled


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)


Logged By







73


46


31


CLAYEY SAND (SC), dense, yellowish brown, dry to moist, coarse to fine
SAND (continued)


SANDY lean CLAY (CL) hard, yellowish brown, dry to moist, medium to fine
SAND, low plasticity fines


CLAYEY SAND (SC), very dense, yellowish brown, dry to moist, coarse to fine
SAND


SANDY lean CLAY (CL) hard, yellowish brown, dry to moist, trace fine angular
GRAVEL to 3/4 inch, medium to fine SAND, low plasticity fines


... sand grades coarse to fine, contains very sandy lenses


... sand grades fine


Poorly graded SAND with SILT (SP-SM), dense, yellowish brown, dry to moist,
trace coarse GRAVEL, medium to fine SAND


Bottom of borehole at 61.5 feet bgs.
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REMARKS AND
OTHER TESTS
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Figure A-20


Project Location:   Retaining Wall and Soundwall 247, Riverside, CA
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Backfill
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SAMPLES


SANDY lean CLAY (CL), very stiff, reddish brown, dry, about 40% medium to
fine SAND, about 60% low plasticity fines, occasional thin sand layers, few
roots


... becomes hard, yellowish brown, low to medium plasticity fines
10912.6


20.4


12.1


15.5


12.8


S05


S04


S03


S02


S01


PA: 59%<#200 sieve


CLAYEY SAND (SC), medium dense, brown, moist, mostly medium SAND


ALLUVIUM (Qal):  SANDY lean CLAY (CL), hard, reddish brown, dry, about
45-50% medium to fine SAND, about 50-55% fines


FILL (Af):  SANDY lean CLAY (CL), stiff, reddish brown, dry, medium to fine
SAND


Pavement:  asphalt on base course


74


21


35


32


... becomes moist, no roots


DS


LL=30, PI=11
PA: 61%<#200 sieve


WA: 52%<#200 sieve


Less than 40 lbs
recovered in bulk
sample due to small
diameter of hole.
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Project Location:   Retaining Wall and Soundwall 247, Riverside, CA
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Figure A-21


Date(s)
Drilled A. Burciaga


Location Hammer Efficiency
Rating (ERi)


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Bentonite chips capped with asphalt


1/9/08


52.5 feet


60% (estimated)


P. Yerra


CalTrans


Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Bulk, SPT, Modified CaliforniaSampling
Method(s)


862.0 feet


Refer to Site Plan (Station 253+20)


Hammer Data


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationMobile B-47







... becomes dense, reddish brown


... becomes brown, moist, little fine gravel to 1/2 inch, medium to fine sand


... no gravel


Well-graded SAND with GRAVEL (SW), dense, light brown, moist, fine
subangular GRAVEL to 1/4 inch, coarse to fine SAND


Bottom of borehole at 52.5 feet bgs.


SANDY lean CLAY (CL) hard, brown, moist, coarse to fine SAND, low
plasticity fines, white cementation seams


Ty
pe


Fat CLAY (CH), hard, red, moist, high plasticity fines


REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION
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CLAYEY SAND (SC), very dense, brown, moist, mostly fine SAND, low
plasticity fines, contains irregular white nodules


Hard drilling.50/5"
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Figure A-21


Project Location:   Retaining Wall and Soundwall 247, Riverside, CA
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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... becomes hard, sand grades coarse to fine


SANDY lean CLAY (CL) very stiff, brown, dry to moist, fine SAND, low to
medium plasticity fines


SANDY SILT (ML), very stiff, brown, dry to moist, about 35% medium to fine
SAND, about 65% low plasticity fines
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SANDY lean CLAY (CL), stiff, brown, dry to moist, <5% fine GRAVEL, about
45% medium to fine SAND, about 55% medium plasticity fines
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18.5
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SILTY SAND (SM), medium dense, brown, dry to moist, about 60% medium to
fine SAND, about 40% fines, trace clay


S05


S04


S03


S02


S01


DS


ALLUVIUM (Qal):  SANDY SILT (ML), brown, dry to moist, fine SAND
Concrete approx. 4 inches thick


21


20
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29


9


PA: 67%<#200 sieve


WA: 39%<#200 sieve


LL=39, PI=25
WA: 56%<#200 sieve


CLAYEY SAND (SC), dense, brown, dry to moist, mostly fine SAND


LL=33, PI=9
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Refer to Site Plan (Station 254+10)


Figure A-22R
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Project Number:     30989802


865
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Project Location:   Retaining Wall 254, Riverside, CA


Checked By


Bulk, SPT, Modified California


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite capped with cement grout


Drill Rig
Type
Groundwater
Level(s)


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


84%


865.3 feet


30.8 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


1/17/08Date(s)
Drilled


CS2000


Logged By


Sampling
Method(s)


Surveyed Ground
Surface Elevation


Drilling
Contractor


Not encountered
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S06


SAMPLES


9.050/4"


Bottom of borehole at 30.8 feet bgs.
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Ty
pe


REMARKS AND
OTHER TESTS


SANDY lean CLAY (CL) hard, brown, dry to moist, coarse to fine SAND, low to
medium plasticity fines (continued)


Project Location:   Retaining Wall 254, Riverside, CA


Figure A-22
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Backfill
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Total Depth
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S05


S04


S03


S02


S01


FILL (Af):  CLAYEY SAND (SC), light olive brown, dry to moist, fine SAND


... becomes medium dense, sand grades coarse to fine


CLAYEY SAND (SC), dense, reddish brown, moist, about 80% medium to fine
SAND, about 20% fines


Lean CLAY with SAND (CL), very stiff, brown, dry to moist, fine SAND


Poorly graded SAND with SILT (SP-SM), dense, brown, moist, about
90% medium to fine SAND, about 10% fines


Poorly graded SAND (SP), medium dense, dark brown, dry to moist, coarse to
fine SAND, trace fines


ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, light olive brown,
moist, about 70% medium to fine SAND, about 30% fines


Drill Bit
Size/Type


31


25


18


21


16


WA: 20%<#200 sieve


PA: 8%<#200 sieve


WA: 32%<#200 sieve


Well-graded SAND with SILT (SW-SM), medium dense, dark brown, moist,
<5% fine GRAVEL, about 90% coarse to fine SAND, about 10% fines
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Project Location:   Retaining Wall 253, Riverside, CA
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Project Number:     30989802


855


850


845


840


835


830


Bentonite chips


Logged By


Drill Rig
Type


D. Wader


Sampling
Method(s)


Hammer Efficiency
Rating (ERi)


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Location


Hammer Data


Refer to Site Plan (Station 256+10)


Bulk, SPT


CalTrans


84%


856.0 feet


51.0 feet


P. YerraDate(s)
Drilled


Automatic hammer,
140 lbs / 30-inch drop


12/11/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







REMARKS AND
OTHER TESTS


CLAYEY SAND (SC), very dense, brown, moist, fine SAND


Bottom of borehole at 51.0 feet bgs.
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Ty
pe


CLAYEY SAND (SC), medium dense, reddish brown, moist, about
80% coarse to fine SAND, about 20% fines (continued)
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S10
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... becomes dense


Poorly graded SAND with CLAY (SP-SC), very dense, reddish brown, moist,
mostly fine SAND
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Project Location:   Retaining Wall 253, Riverside, CA
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MATERIAL  DESCRIPTION


Borehole
Backfill


D01


... becomes dense, trace fine angular gravel, few clay lenses
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Total Depth
of Borehole


16.8


13.0


13.0


S05


S04


S03


S02


S01


5.3


PA: 22%<#200 sieve


Drill Bit
Size/Type


SILTY SAND (SM), medium dense, brown, moist, about 80% medium to fine
SAND, about 20% fines


SILT (ML), stiff, light brown, dry


ALLUVIUM (Qal):  SANDY lean CLAY (CL), stiff, light brown, dry, about
40% medium to fine SAND, about 60% fines


Pavement:  asphalt on base course


33


32


18


10 WA: 59%<#200 sieve


1500 ohm/cm
Min. Resistivity=
Chloride=75 ppm
Sulfate=ND


CR:  pH=8.9


CLAYEY SAND (SC), dense, brown, moist, about 60% medium to fine SAND,
about 40% fines
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Figure A-24


Logged By


Drill Rig
Type


P. Chau


LocationBentonite chips capped with asphalt


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Hammer Efficiency
Rating (ERi)


12/11/07


854.7 feet


51.5 feet


CalTrans


C. Carbino


Bulk, SPT Automatic hammer,
140 lbs / 30-inch drop


Date(s)
Drilled


Refer to Site Plan (Station 257+70) 84%


Hammer Data


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)







SANDY lean CLAY (CL), hard, brown, moist
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S06 WA: 41%<#200 sieve28
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Figure A-24


Project Location:   Retaining Wall 255, Riverside, CA


S08


... becomes very stiff, decreasing sand content
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CLAYEY SAND (SC), dense, brown, moist, about 60% medium to fine SAND,
about 40% fines (continued)
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Bottom of borehole at 51.5 feet bgs.
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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SANDY lean CLAY (CL), medium stiff, grayish brown, dry to moist, medium to
fine SAND, low plasticity fines
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CLAYEY SAND (SC), dense, yellowish brown, dry to moist, medium to fine
SAND, low plasticity fines


... becomes medium dense, yellowish brown, medium to fine sand, low
plasticity fines


SILTY SAND (SM), dense, brown, dry to moist, 60% coarse to fine SAND,
about 40% nonplastic fines


CLAYEY SAND (SC), medium dense, brown to yellowish brown, dry to moist,
about 65% medium to fine SAND, about 35% low plasticity fines
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ALLUVIUM (Qal):  SILTY SAND (SM), grayish brown, dry, medium to fine
SAND, low plasticity fines, trace clay
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124


16.1


5.6


13.7


9.5


21.4


3.3


Lean CLAY with SAND (CL), stiff, brown, dry to moist, about 25% medium to
fine SAND, about 75% low plasticity fines


S05


S04


S03


S02


S01


Min. Resistivity=


Pavement:  asphalt on base course


13


31


16


17


5


WA: 42%<#200 sieve


WA: 34%<#200 sieve


2700 ohm/cm


Chloride=285 ppm
Sulfate=240 ppm


CR:  pH=8.2


PA: 74%<#200 sieve
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Figure A-25
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Project Number:     30989802
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835
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Project Location:   Retaining Wall 254, Riverside, CA


Checked By


Bulk, SPT, Modified California


Hammer Efficiency
Rating (ERi)


Bentonite capped with asphalt


Drill Rig
Type
Groundwater
Level(s)


C. Carbino


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


84%


856.4 feet


51.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


Location


1/17/08Date(s)
Drilled


CS2000


Logged By


Sampling
Method(s)


Surveyed Ground
Surface Elevation


Drilling
Contractor


Not encountered







Ty
pe


CLAYEY SAND (SC), dense, yellowish brown, dry to moist, medium to fine
SAND, low plasticity fines (continued)


Poorly graded SAND with SILT (SP-SM), medium dense, brown, dry to moist,
coarse to fine SAND, low plasticity fines


SILTY SAND (SM), dense, brown, dry to moist, medium to fine SAND,
contains lenses of coarse to fine SAND


SANDY lean CLAY (CL), stiff, brown, dry to moist, fine SAND, low plasticity
fines, trace silt


Poorly graded SAND with SILT (SP-SM), very dense, brown, moist, mostly
medium to fine SAND, nonplastic fines


Bottom of borehole at 51.5 feet bgs.
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Figure A-25


Project Location:   Retaining Wall 254, Riverside, CA
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SANDY lean CLAY (CL), very stiff, reddish brown, moist, coarse to fine SAND,
low plasticity fines


MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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um
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Ty
pe


ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, yellowish brown, dry
to moist, medium to fine SAND, low plasticity fines


... becomes stiff, yellowish brown


... becomes very stiff, grayish brown; about 30% medium to fine SAND, about
70% low plasticity fines
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CLAYEY SAND (SC), medium dense, reddish brown, moist, <5% fine
GRAVEL, about 55% coarse to fine SAND, about 45% low plasticity fines
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... becomes stiff
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128


13.6


13.4


9.7


13.1


S05
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S02


S01


6.0


PA: 44%<#200 sieve


FILL (Af):  SANDY lean CLAY (CL), brown to light brown, dry to moist, medium
to fine SAND, low plasticity fines


Pavement:  asphalt on base course


10


29


13


22


16


LL=28, PI=11


LL=26, PI=12


3000 ohm/cm
Min. Resistivity=
Chloride=45 ppm
Sulfate=72 ppm


CR:  pH=7.4


WA: 69%<#200 sieve
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Figure A-26R
ep


or
t: 


G
E


O
_1


0_
S


N
A


_C
T;


  F
ile


: S
N


A
_S


R
91


W
A


LL
.G


P
J;


  9
/1


4/
08


  R
-0


7-
12


5


Project Number:     30989802


875


870


865


860
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850


Project Location:   Retaining Wall 261, Riverside, CA


Groundwater
Level(s)


Drill Rig
Type


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt Refer to Site Plan (Station 261+20)


Date(s)
Drilled Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit 72.5 feet


P. Yerra


87%


Automatic hammer,
140 lbs / 30-inch drop


CalTrans


Hammer DataBulk, SPT, Modified California


878.3 feet


1/31/08


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCME 85


Sampling
Method(s)


Logged By







20


50/5"


41


82/11"


26


41


CLAYEY SAND (SC), medium dense, yellowish brown, dry to moist, medium
to fine SAND, low plasticity fines (continued)


... becomes brown, trace coarse sand


Poorly graded SAND with CLAY (SP-SC), very dense, brown, dry to moist,
coarse to fine SAND, low plasticity fines


SANDY lean CLAY (CL), hard, reddish brown, moist, fine SAND, low plasticity
fines


SILTY, CLAYEY SAND (SC-SM), dense, yellowish brown, moist, about
85% medium to fine SAND, about 15% low plasticity fines


WA: 14%<#200 sieve
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MATERIAL  DESCRIPTION


SILTY SAND (SM), dense, orange-brown, moist, medium to fine SAND
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Figure A-26


Project Location:   Retaining Wall 261, Riverside, CA
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S13


SANDY lean CLAY (CL), hard, yellowish brown, moist, medium to fine SAND,
low plasticity fines


S14 18.3


MATERIAL  DESCRIPTION


50


REMARKS AND
OTHER TESTS


Bottom of borehole at 72.5 feet bgs.
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Project Location:   Retaining Wall 261, Riverside, CA


Figure A-26
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MATERIAL  DESCRIPTION
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Total Depth
of Borehole


D01


Borehole
Backfill


Poorly graded SAND with CLAY (SP-SC), dense, brown, moist, trace coarse
to fine GRAVEL, mostly medium to fine SAND, no cementation
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CR:  pH=12.2
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13


... becomes dark brown; sand decreases to about 35%, about 65% fines,
moderate to strong cementation


... becomes very stiff, sand grades medium to fine


... sand increases to about 40%, about 60% fines


... becomes stiff


ALLUVIUM (Qal):  SANDY lean CLAY (CL), medium stiff, brown, moist,
<5% fine GRAVEL, about 30% fine SAND, about 70% fines


Pavement:  asphalt on base course


27


11


7


WA: 63%<#200 sieve


PA: 59%<#200 sieve


WA: 69%<#200 sieve


2400 ohm/cm
Min. Resistivity=
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Figure A-27


Project Location:   Retaining Wall 262, Riverside, CA
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Method(s)


Logged ByDate(s)
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Drill Rig
Type


P. Chau


LocationBentonite chips capped with asphalt


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Automatic hammer,
140 lbs / 30-inch drop


Refer to Site Plan (Station 263+70)


Bulk, SPT


CalTrans


84%


860.0 feet


51.5 feet


S. Pirathiviraj


Hammer Data


12/4/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000
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Project Location:   Retaining Wall 262, Riverside, CA
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Poorly graded SAND with CLAY (SP-SC), dense, brown, moist, trace coarse
to fine GRAVEL, mostly medium to fine SAND, no cementation (continued)


... becomes yellowish brown, sand grades coarse to fine


SANDY lean CLAY (CL), hard, yellowish brown, moist, medium to fine SAND


... sand grades fine


Poorly graded SAND (SP), very dense, pale gray, moist, coarse SAND


Bottom of borehole at 51.5 feet bgs.
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Poorly graded SAND with CLAY (SP-SC), medium dense, brown, dry to moist,
trace fine subangular GRAVEL to 3/4 inch, coarse to fine SAND, low plasticity
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... becomes hard, brown, slightly sandier
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SANDY lean CLAY (CL), hard, brown, dry to moist, about 35% medium to fine
SAND, about 65% low plasticity fines, seams of coarse to fine SAND
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ALLUVIUM (Qal):  SANDY lean CLAY (CL), very stiff, yellowish brown, dry to
moist, about 35% medium to fine SAND, about 65% low plasticity fines


FILL (Af):  SANDY lean CLAY (CL), yellowish brown to gray, dry, trace fine
GRAVEL, coarse to fine SAND, low plasticity fines


Pavement:  asphalt on base course
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Date(s)
Drilled C. Carbino


Location Hammer Efficiency
Rating (ERi)


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Bentonite chips capped with asphalt


1/16/08


856.0 feet


31.5 feet


CalTrans


S. Pirathiviraj


Bulk, SPT, Modified California Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Refer to Site Plan (Station 266+00) 87%


Hammer Data


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCME 85


Sampling
Method(s)
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Bottom of borehole at 31.5 feet bgs.
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Project Location:   Retaining Wall 261, Riverside, CA


SANDY lean CLAY (CL), hard, brown, dry to moist, about 35% medium to fine
SAND, about 65% low plasticity fines, seams of coarse to fine SAND
(continued)


S06825


820


815


810


805


800


795


Project Number:     30989802


R
ep


or
t: 


G
E


O
_1


0_
S


N
A


_C
T;


  F
ile


: S
N


A
_S


R
91


W
A


LL
.G


P
J;


  9
/1


4/
08


  R
-0


7-
12


7


REMARKS AND
OTHER TESTS


Sheet 2 of 2


Project:   State Route 91 Retaining Walls and Soundwalls


30


35


40


45


50


55


60


65


Log of Boring R-07-127


D
ry


 U
ni


t
W


ei
gh


t, 
pc


f


N
um


be
r


D
ril


lin
g 


M
et


ho
d


E
le


va
tio


n,
fe


et


D
ep


th
,


fe
et


S
am


pl
in


g
R


es
is


ta
nc


e,
bl


ow
s/


fo
ot


M
oi


st
ur


e
C


on
te


nt
, %


Figure A-28


SAMPLES







REMARKS AND
OTHER TESTS


D
ril


lin
g 


M
et


ho
d


N
um


be
r


D
ry


 U
ni


t
W


ei
gh


t, 
pc


f


MATERIAL  DESCRIPTION


SAMPLES


Ty
pe


G
ra


ph
ic


 L
og


Borehole
Backfill


D01


Total Depth
of Borehole


M
oi


st
ur


e
C


on
te


nt
, %


S
am


pl
in


g
R


es
is


ta
nc


e,
bl


ow
s/


fo
ot


D
ep


th
,


fe
et


E
le


va
tio


n,
fe


et


PA: 60%<#200 sieve
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SANDY lean CLAY (CL), very stiff, brown, moist, coarse to fine SAND


Poorly graded SAND with SILT (SP-SM), medium dense, brown, moist, about
90% coarse to fine SAND, about 10% fines


SANDY lean CLAY (CL), very stiff, brown, moist, about 35% medium to fine
SAND, about 65% fines


Lean CLAY with SAND (CL), very stiff, brown, moist, about 25% fine SAND,
about 75% low plasticity fines


... becomes stiff, brown


ALLUVIUM (Qal):  SANDY lean CLAY (CL), very stiff, pale brown, moist,
<5% fine GRAVEL, about 40% medium to fine SAND, about 60% fines
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WA: 63%<#200 sieve


LL=24, PI=8
PA: 73%<#200 sieve


Pavement:  asphalt on base course
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Drill Rig
Type
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Sampling
Method(s)


Hammer Efficiency
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Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Location


Automatic hammer,
140 lbs / 30-inch drop


Refer to Site Plan (Station 267+40)


Bulk, SPT


CalTrans


84%


863.9 feet


51.5 feet


Date(s)
Drilled S. Pirathiviraj


Hammer Data


12/4/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







Lean CLAY with SAND (CL), very stiff, brown, moist, coarse to fine SAND


SANDY lean CLAY (CL), hard, brown, moist, <5% coarse GRAVEL, about
40% coarse to fine SAND, about 60% fines


Bottom of borehole at 51.5 feet bgs.
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SANDY lean CLAY (CL), very stiff, brown, moist, coarse to fine SAND
(continued)
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Poorly graded SAND with CLAY (SP-SC), dense, brown, moist, mostly coarse
to medium SAND
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Project Location:   Retaining Wall 266, Riverside, CA
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SANDY lean CLAY (CL), hard, reddish brown, moist, fine SAND


SILTY SAND (SM), dense, reddish brown, dry, coarse to fine SAND; sand
content increases with depth


SILTY, CLAYEY SAND (SC-SM), medium dense, reddish brown, moist, about
50-55% medium to fine SAND, about 45-50% low plasticity fines


ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, reddish brown,
moist, fine SAND


Lean CLAY with SAND (CL), medium stiff, reddish brown, moist, about
25% medium to fine SAND, about 75% fines


E
le


va
tio


n,
fe


et


D01


M
oi


st
ur


e
C


on
te


nt
, %


S
am


pl
in


g
R


es
is


ta
nc


e,
bl


ow
s/


fo
ot


D
ep


th
,


fe
et


MATERIAL  DESCRIPTION


SAMPLES


D
ril


lin
g 


M
et


ho
d


N
um


be
r


D
ry


 U
ni


t
W


ei
gh


t, 
pc


f


31


FILL (Af):  CLAYEY SAND (SC), reddish brown, moist, few GRAVEL, mostly
fine SAND
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4300 ohm/cm


Pavement:  asphalt on base course


Chloride=240 ppm
Sulfate=240 ppm


CR:  pH=8.3
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Project Location:   Retaining Wall 267, Riverside, CA


Figure A-30


Rotary Wash


A. Burciaga


CalTrans


LocationBentonite chips capped with asphalt


Checked By


Drilling
Method


Drill Bit
Size/Type


Borehole
Backfill


Groundwater
Level(s)


Surveyed Ground
Surface Elevation


Automatic hammer,
140 lbs / 30-inch drop


1/15/08 P. Yerra


4.5-inch finger bit


Hammer Efficiency
Rating (ERi)


72.0 feet


Drill Rig
Type


Hammer Data


858.4 feet


Not encountered


87%


CME 85


Sampling
Method(s)


Logged ByDate(s)
Drilled


Drilling
Contractor







... becomes medium dense, increasing gravel content


LL=25, PI=12


WA: 12%<#200 sieve


Rig chatter.
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85/11"


CLAYEY SAND (SC), medium dense, reddish brown, moist, about
55% medium to fine SAND, about 45% low plasticity fines


... increasing sand content


Poorly graded SAND (SP), dense, yellowish brown, moist, medium to fine
SAND
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Poorly graded SAND with SILT (SP-SM), dense, brown, moist, few subangular
to subrounded GRAVEL, coarse to fine SAND


Poorly graded SAND with GRAVEL (SP), very dense, yellowish brown, moist,
medium to fine SAND


Poorly graded SAND (SP), very dense, yellowish brown, moist, fine SAND


SANDY lean CLAY (CL), very stiff, olive green to light brown, moist


Lean CLAY (CL), very stiff, olive green to light brown, moist, medium plasticity
fines


PA: 43%<#200 sieve9.5
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SANDY lean CLAY (CL), hard, light olive brown, moist, medium to fine SAND,
decreasing sand content with depth


Poorly graded SAND (SP), dense, yellowish brown, moist, coarse SAND


... becomes very dense, sand grades fine


Bottom of borehole at 72.0 feet bgs.
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Poorly graded SAND with SILT (SP-SM), very dense, dark brown, dry, coarse
to fine SAND


... becomes dense, dark brown, about 70% coarse to fine SAND, about
30% fines


CLAYEY SAND (SC), very dense, light brown, dry, mostly medium SAND


SANDY lean CLAY (CL), hard, dark brown, dry, about 45% medium to fine
SAND, about 55% fines


... becomes dense


ALLUVIUM (Qal):  SILTY SAND (SM), light brown, moist, coarse to fine SAND
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WA: 29%<#200 sieve


PA: 54%<#200 sieve


WA: 47%<#200 sieve


Hand auger to 5 ft.


CLAYEY SAND (SC), medium dense, light reddish brown, moist, about
55% medium to fine SAND, about 45% fines
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Hammer Efficiency
Rating (ERi)


Date(s)
Drilled


Drill Rig
Type


P. Chau


Location


Sampling
Method(s)


Soil cuttings


Groundwater
Level(s)


Checked By


Hollow-Stem AugerDrilling
Method


Automatic hammer,
140 lbs / 30-inch drop


Refer to Site Plan (Station 272+00)


Bulk, SPT


CalTrans


84%


858.9 feet


70.8 feet


Logged By S. Pirathiviraj


Hammer Data


11/6/07


6-inch-OD / 4.5-inch-ID auger


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000
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Poorly graded SAND with SILT (SP-SM), very dense, dark brown, dry, coarse
to fine SAND (continued)


SANDY lean CLAY (CL), hard, dark brown, dry, about 50% coarse to fine
SAND, about 50% fines


... becomes mottled dark brown and olive brown, trace coarse subrounded
gravel


SILTY, CLAYEY SAND (SC-SM), very dense, brown, dry, coarse to medium
SAND


Poorly graded SAND (SP), very dense, light gray, dry, trace coarse
subrounded GRAVEL, coarse to medium SAND


... trace coarse to fine subrounded gravel


SANDY lean CLAY (CL), hard, dark olive brown, moist, fine SAND
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SANDY lean CLAY (CL), hard, dark olive brown, moist, fine SAND (continued)


S14 50/3"


Poorly graded SAND (SP), very dense, light gray, dry, medium to fine SAND


... trace coarse subrounded to rounded gravel


Bottom of borehole at 70.8 feet bgs.
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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pe


Poorly graded SAND with SILT (SP-SM), very dense, yellowish brown, dry to
moist, about 90% coarse to fine SAND, about 10% nonplastic fines
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SILTY SAND (SM), medium dense, yellowish brown, dry to moist, trace coarse
to fine angular GRAVEL to 1 inch, mostly medium to fine SAND, trace clay
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11.5


6.5
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4.9
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SILTY SAND (SM), very dense, yellowish brown, dry, coarse to fine SAND,
nonplastic fines, contains very silty lenses


S05


S04


S03


S02


S01


Sample wet with
drilling fluid.


ALLUVIUM (Qal):  Lean CLAY with SAND (CL), very stiff, yellowish brown, dry
to moist, about 20% medium to fine SAND, about 80% low plasticity fines


FILL (Af):  SANDY SILT (ML), yellowish brown, dry, medium to fine SAND, low
plasticity fines


Pavement:  asphalt on base course


37
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20


23


112


WA: 9%<#200 sieve


PA: 46%<#200 sieve


PA: 80%<#200 sieve


CLAYEY SAND (SC), medium dense, yellowish brown, dry to moist, about
55% medium to fine SAND, about 45% low plasticity fines
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Project Location:   Retaining Wall 267, Riverside, CA


Groundwater
Level(s)


Drill Rig
Type


Refer to Site Plan (Station 274+50)


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Date(s)
Drilled Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


Not encountered Automatic hammer,
140 lbs / 30-inch drop


71.0 feet


Hammer Data


852.1 feet


84%


Logged By P. Yerra


CalTrans


1/15/08


Bulk, SPT, Modified California


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)


4.5-inch finger bit
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SANDY lean CLAY (CL), hard, yellowish brown, dry to moist, medium to fine
SAND


... trace coarse to fine subangular gravel to 1 inch


Poorly graded SAND with SILT (SP-SM), very dense, yellowish brown, dry to
moist, about 90% medium to fine SAND, about 10% nonplastic fines


... becomes yellowish brown to grayish brown, sand grades coarse to fine


... trace fine angular gravel to 3/4 inch


... coarse to fine angular gravel to 1-1/2 inches
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WA: 11%<#200 sieve
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REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION


S06


... no gravel, sand grades medium to fine
12.7
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Figure A-32


Project Location:   Retaining Wall 267, Riverside, CA
Project:   State Route 91 Retaining Walls and Soundwalls
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S13


50/4"S14 9.4


REMARKS AND
OTHER TESTS


50/0" Poorly graded SAND with GRAVEL (SP), very dense, grayish brown, dry to
moist, coarse to fine subangular GRAVEL to 1-1/2 inches, medium to fine
SAND


Bottom of borehole at 71.0 feet bgs.
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pe


Sampler bouncing on
cobble after 6 in.
(29 blows).  Bent bit.
Very hard drilling.


Figure A-32
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MATERIAL  DESCRIPTION


SAMPLES
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Drill Bit
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D01


Total Depth
of Borehole
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S03
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S01 16.5


37


CLAYEY SAND (SC), very dense, dark reddish brown, moist, mostly medium
to fine SAND


... becomes dark reddish brown, increase in fines to about 55%


SANDY lean CLAY (CL), hard, reddish brown, moist, about 50% medium to
fine SAND, about 50% fines


ALLUVIUM (Qal):  Lean CLAY (CL), very stiff, light brown, dry to moist


FILL (Af):  SILTY SAND (SM), light brown, dry, mostly medium to fine SAND,
trace rootlets


Pavement:  asphalt on base course


98/9"


50/5.5"


18


WA: 53%<#200 sieve


PA: 51%<#200 sieve


640 ohm/cm
Min. Resistivity=
Chloride=165 ppm
Sulfate=240 ppm


CR:  pH=9.2


50/5.5"
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Figure A-33


Project Location:   Retaining Wall 266, Riverside, CA
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Project Number:     30989802


850


845


840


835


830


825


Bentonite chips capped with asphalt


Date(s)
Drilled


Drill Rig
Type


P. Chau


Hammer Efficiency
Rating (ERi)


Sampling
Method(s)


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Location 84%


854.4 feet


Bulk, SPT


71.5 feet


Refer to Site Plan (Station 277+10)


S. PirathivirajLogged By


CalTrans


Hammer Data Automatic hammer,
140 lbs / 30-inch drop


11/26/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000
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CLAYEY SAND (SC), very dense, dark reddish brown, moist, mostly medium
to fine SAND (continued)


SILTY SAND (SM), very dense, brown to olive brown, moist, mostly medium to
fine SAND


Poorly graded SAND (SP), very dense, grayish brown, moist, trace
interbedded fine rounded GRAVEL layers to 1/2 inch thick, medium SAND


... trace interbedded coarse to fine rounded gravel, coarse sand


... becomes dense


Interbedded poorly graded SAND (SP) and SILTY SAND (SM), very dense,
reddish brown, moist, trace fine subrounded GRAVEL; SP mostly coarse
SAND, SM mostly coarse to medium SAND


CLAYEY SAND (SC), very dense, brownish red, moist, coarse to fine SAND


50/6"
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REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION
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Figure A-33


Project Location:   Retaining Wall 266, Riverside, CA
Project:   State Route 91 Retaining Walls and Soundwalls
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... becomes dark brownish red, mostly coarse to medium sand


S14


75


MATERIAL  DESCRIPTION


CLAYEY SAND (SC), very dense, brownish red, moist, coarse to fine SAND
(continued)


REMARKS AND
OTHER TESTS


Bottom of borehole at 71.5 feet bgs.
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Project Location:   Retaining Wall 266, Riverside, CA


Figure A-33
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Ty
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... becomes moist, with caliche cementation


CLAYEY SAND (SC), very dense, reddish brown, dry, few GRAVEL, mostly
medium to fine SAND


SILTY SAND (SM), very dense, reddish brown, moist, about 65% medium to
fine SAND, about 35% fines


Poorly graded SAND with SILT (SP-SM), very dense, reddish brown, moist,
<5% fine GRAVEL, about 90% coarse to fine SAND, about 10% fines


ALLUVIUM (Qal):  SANDY lean CLAY (CL), hard, reddish brown, dry to moist,
fine SAND


Total Depth
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FILL (Af):  SANDY lean CLAY (CL), very stiff, reddish brown, dry, few coarse
SAND, mostly fine SAND, roots


D
ep
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,
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et


Poorly graded GRAVEL (GP), dense, gray, moist, fine subangular GRAVEL


11.6


4.6
5.3


9.1
12.7


5.2


9.9


132
132


S05


S04


S03-2


S03-1


S02


S01


PA: 37%<#200 sieve


Pavement:  asphalt on base course


50/6"


77


43


44


31


WA: 47%<#200 sieve


127


DS


... becomes hard, about 45% medium to fine SAND, about 55% fines


PA: 12%<#200 sieve


WA: 53%<#200 sieve


Full sampler.
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Refer to Site Plan (Station 280+00)
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Project Number:     30989802
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Project Location:   Retaining Wall 267, Riverside, CA


Checked By


Bulk, SPT, Modified California


Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Drill Rig
Type
Groundwater
Level(s)


A. Burciaga


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


87%


854.1 feet


72.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


Location


1/14/08Date(s)
Drilled


CME 85


Logged By


Sampling
Method(s)


Surveyed Ground
Surface Elevation


Drilling
Contractor


Not encountered







... sand grades coarse to fine


MATERIAL  DESCRIPTION


50/5"


54


68
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85
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50/5"


CLAYEY SAND (SC), very dense, reddish brown, moist, few GRAVEL, mostly
medium to fine SAND (continued)


... becomes yellowish brown


Poorly graded SAND with CLAY and GRAVEL (SP-SC), very dense, brown,
moist, subangular GRAVEL, coarse to fine SAND


SILTY SAND (SM), very dense, gray, moist, fine SAND


Discard broken cobble
in sampler shoe.


Poorly graded SAND with SILT (SP-SM), very dense, gray, moist, few
GRAVEL, medium to fine SAND


Rock fragments in
lower tube.


SANDY lean CLAY (CL), very stiff to hard, light reddish brown, moist, fine
SAND
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og


Ty
pe


S06


Poorly graded GRAVEL with SAND (GP), very dense, gray, moist, fine
GRAVEL


12.5


S07


S08


S09-2


S09-1


S10


S11


S12
Broken cobble in lower
tube.


14.2


REMARKS AND
OTHER TESTS
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Figure A-34


Project Location:   Retaining Wall 267, Riverside, CA
Sheet 2 of 3
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S13


SANDY lean CLAY (CL), very stiff to hard, light reddish brown, moist, fine
SAND (continued)


S14


REMARKS AND
OTHER TESTS


64


SILTY SAND (SM), very dense, reddish brown, moist, few GRAVEL, fine
SAND


Bottom of borehole at 72.5 feet bgs.
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Project Location:   Retaining Wall 267, Riverside, CA
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MATERIAL  DESCRIPTION


SAMPLES


Ty
pe
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Drill Bit
Size/Type
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of Borehole
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PA: 58%<#200 sieve


8.0


LL=26, PI=9


S05


S04


S03


S02


16.2


65


CLAYEY SAND (SC), very dense, dark brown, moist, coarse to fine SAND


... becomes dark brown, increasing coarse rounded sand


SANDY lean CLAY (CL), hard, brown with reddish brown to olive brown
mottling, moist, about 40% medium to fine SAND, about 60% fines


CLAYEY SAND (SC), very dense, dark brown, moist, about 70% medium to
fine SAND, about 30% fines


ALLUVIUM (Qal):  SANDY lean CLAY (CL), very stiff, brown to dark brown,
moist, about 40% medium to fine SAND, about 60% low plasticity fines, trace
rootlets


FILL (Af):  SILTY SAND (SM), light brown, dry


50/5.5"


82


19


1200 ohm/cm
Min. Resistivity=
Chloride=105 ppm
Sulfate=ND


CR:  pH=9.2
WA: 59%<#200 sieve


WA: 29%<#200 sieve


50/4"
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Figure A-35


Project Location:   Retaining Wall 280, Riverside, CA
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Project Number:     30989802


855


850


845


840


835


830


Bentonite chips


Date(s)
Drilled


Drill Rig
Type


P. Chau


Hammer Efficiency
Rating (ERi)


Sampling
Method(s)


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Location


Automatic hammer,
140 lbs / 30-inch drop


Refer to Site Plan (Station 280+00)


SPT


CalTrans


84%


857.5 feet


51.5 feet


Logged By S. Pirathiviraj


Hammer Data


11/27/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







MATERIAL  DESCRIPTION
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Bottom of borehole at 51.5 feet bgs.
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SANDY lean CLAY (CL), very stiff, olive brown to dark reddish brown, medium
to fine SAND


REMARKS AND
OTHER TESTS


... becomes dark reddish brown, mostly coarse sand
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10.6


19.2


... becomes hard, brown
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CLAYEY SAND (SC), very dense, dark brown, moist, coarse to fine SAND
(continued)


SAMPLES


Figure A-35


Project Location:   Retaining Wall 280, Riverside, CA
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Ty
pe
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ALLUVIUM (Qal):  Lean CLAY with SAND (CL), very stiff, yellowish brown to
grayish brown, about 20% medium to fine SAND, about 80% fines


... becomes yellowish brown to grayish brown


SANDY lean CLAY (CL), very stiff, olive brown, dry to moist, about
40% medium to fine SAND, about 60% fines


CLAYEY SAND (SC), dense, olive brown, dry to moist, <5% fine GRAVEL,
about 55% coarse to fine SAND, about 45% low plasticity fines


SANDY lean CLAY (CL), hard, yellowish brown, dry to moist, trace fine angular
GRAVEL, coarse to fine SAND, low plasticity fines


Total Depth
of Borehole
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FILL (Af):  SANDY SILT (ML), light yellowish brown, dry, fine SAND, low
plasticity fines


124


133


12.0


9.7


13.7


6.5


4.7


S05


S04


S03


S02


S01


2100 ohm/cm
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25


40


39


WA: 80%<#200 sieve


WA: 58%<#200 sieve


LL=25, PI=9


DS


Pavement:  asphalt on base course


Min. Resistivity=
Chloride=105 ppm
Sulfate=3 ppm


CR:  pH=7.4


PA: 43%<#200 sieve
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Refer to Site Plan (Station 285+20)
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Project Number:     30989802
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Project Location:   Retaining Wall 281, Riverside, CA


Checked By


Bulk, SPT, Modified California


Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Drill Rig
Type
Groundwater
Level(s)


C. Carbino


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


84%


866.3 feet


71.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


Location


1/14/08Date(s)
Drilled


CS2000


Logged By


Sampling
Method(s)


Surveyed Ground
Surface Elevation


Drilling
Contractor


Not encountered
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CLAYEY SAND (SC), very dense, yellowish brown, moist, mostly medium to
fine SAND


... becomes light yellowish brown, with calcite-cemented zones


... very sandy lenses (coarse to fine), trace angular gravel to 1 inch


Poorly graded SAND with SILT (SP-SM), dense, yellowish brown, dry to moist,
coarse to fine SAND, low plasticity fines, contains very silty lenses


... becomes very dense, trace angular gravel to 1 inch, no silty lenses


... becomes dense


Ty
pe


87/9"


REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION
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50/2" Hard drilling, possibly
through bedrock or
cemented zones.


79/11"
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Log of Boring R-07-135
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Project Location:   Retaining Wall 281, Riverside, CA
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... becomes very dense


S14


36


MATERIAL  DESCRIPTION


Poorly graded SAND with SILT (SP-SM), dense, yellowish brown, dry to moist,
trace angular GRAVEL to 1 inch, coarse to fine SAND, low plasticity fines
(continued)


REMARKS AND
OTHER TESTS


Bottom of borehole at 71.5 feet bgs.


G
ra
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ic
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og


Ty
pe


43


Project Location:   Retaining Wall 281, Riverside, CA


Figure A-36


800


795


790


785


780


775


770


Project Number:     30989802


R
ep


or
t: 


G
E


O
_1


0_
S


N
A


_C
T;


  F
ile


: S
N


A
_S


R
91


W
A


LL
.G


P
J;


  9
/1


4/
08


  R
-0


7-
13


5


Sheet 3 of 3


Project:   State Route 91 Retaining Walls and Soundwalls


65


70


75


80


85


90


95


100


Log of Boring R-07-135







D
ril


lin
g 


M
et


ho
d


N
um


be
r


D
ry


 U
ni


t
W


ei
gh


t, 
pc


f


MATERIAL  DESCRIPTION


... becomes hard, olive brown, with iron oxide-stained layers


Ty
pe
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og


REMARKS AND
OTHER TESTS


Borehole
Backfill


D01


Total Depth
of Borehole
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SAMPLES


SANDY lean CLAY (CL), very stiff, dark reddish brown, moist, coarse to
medium SAND


119


13.9


13.1


... becomes reddish brown to olive brown, trace fine angular gravel


8.4


S05


S04


S03


S02


S01


11.1


LL=28, PI=10


... becomes dense, moderate cementation


CLAYEY SAND (SC), very dense, dark reddish brown, moist, about
55% coarse to fine SAND, about 45% fines, weak to moderate cementation


Lean CLAY with SAND (CL), very stiff, brown, moist, about 20% medium to
fine SAND, about 80% low plasticity fines


ALLUVIUM (Qal):  SANDY lean CLAY (CL), brown, moist


46


28


24


66


WA: 46%<#200 sieve


PA: 79%<#200 sieve


1400 ohm/cm
Min. Resistivity=
Chloride=105 ppm
Sulfate=147 ppm


CR:  pH=7.2


Drill Bit
Size/Type
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Log of Boring R-07-136
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Figure A-37


Logged By


Drill Rig
Type


P. Chau


LocationBentonite chips


Groundwater
Level(s)


Checked By


Rotary Wash / CoreDrilling
Method


Hammer Efficiency
Rating (ERi)


Hammer Data


Refer to Site Plan (Station 284+20)


Bulk, SPT, Modified California,
HQ core barrel


CalTrans


84%


862.4 feet


45.0 feet


P. YerraDate(s)
Drilled


Automatic hammer,
140 lbs / 30-inch drop


Sampling
Method(s)


12/20/07


4.5-inch finger bit / HQ core bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







C09


13.4S06


Hard drilling at 33 ft.


Sampler bouncing.
Driller switches to
coring.


Sample C09 not
retained; discarded
onsite.
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50/3"


SANDY lean CLAY (CL), hard, reddish brown to olive brown, moist, trace fine
angular GRAVEL, mostly coarse to medium SAND (continued)


IGNEOUS ROCK (GRANITE), light brown, intensely weathered (Poorly graded
SAND (SP), very dense, moist, coarse SAND, trace fines)


Bottom of borehole at 45.0 feet bgs.


Figure A-37


Project Location:   Retaining Wall 280, Riverside, CA
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... becomes moderately weathered
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Log of Boring R-07-136
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REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION
S
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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... becomes olive brown


Lean CLAY with SAND (CL), hard, reddish brown, dry, about 25% medium to
fine SAND, about 75% low plasticity fines


ALLUVIUM (Qal):  SANDY lean CLAY (CL), hard, light olive brown, dry, about
45% medium to fine SAND, about 55% low plasticity fines


Ty
pe


D01


Total Depth
of Borehole


M
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, %


D
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et


Poorly graded SAND with CLAY (SP-SC), dense, light brown, dry, about
90% medium to fine SAND, about 10% medium plasticity fines
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6.5


7.2


Lean CLAY (CL), very stiff, olive brown, moist, about 10-15% medium to fine
SAND, about 85-90% low plasticity fines


S05


S04


S03


S02


S01


PA: 57%<#200 sieve


FILL (Af):  CLAYEY SAND (SC), light brown, moist, medium to fine SAND,
medium plasticity fines


Pavement:  asphalt on base course


50/6"


54


22


23


24


LL=25, PI=9


WA: 86%<#200 sieve


LL=25, PI=9
PA: 47%<#200 sieve


710 ohm/cm
Min. Resistivity=
Chloride=390 ppm
Sulfate=216 ppm


CR:  pH=7.2


CLAYEY SAND (SC), dense, brown, moist, about 5% fine GRAVEL, about
50% coarse to fine SAND, about 45% low plasticity fines


WA: 76%<#200 sieve


Log of Boring R-07-137
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830


Project Location:   Retaining Wall 287, Riverside, CA


Checked By


Bulk, SPT


D. Wader


Location Hammer Efficiency
Rating (ERi)


Cement-bentonite grout


Drill Rig
Type
Groundwater
Level(s)


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


84%


860.0 feet


71.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


12/12/07Date(s)
Drilled


CS2000


Logged By


Sampling
Method(s)


Surveyed Ground
Surface Elevation


Drilling
Contractor


Not encountered
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Log of Boring R-07-137
Project Number:     30989802
Project Location:   Retaining Wall 287, Riverside, CA
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Figure A-38
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Lean CLAY with SAND (CL), hard, olive brown, dry, about 25% medium to fine
SAND, about 75% low plasticity fines (continued)


MATERIAL  DESCRIPTION


SILTY SAND (SM), dense, olive brown, dry to moist, fine SAND


Poorly graded SAND with SILT (SP-SM), dense, olive gray, moist, coarse to
fine SAND


... becomes dense


SILTY SAND (SM), medium dense, light olive brown, moist, fine SAND


... becomes very dense


Poorly graded SAND with CLAY (SP-SC), very dense, olive brown, dry to
moist, fine SAND


27


33


22


18


50/5"


50/6"


Poorly graded SAND with SILT (SP-SM), very dense, olive brown, dry to moist,
trace coarse GRAVEL, fine SAND


50/5"


Ty
pe


G
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og


REMARKS AND
OTHER TESTS
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... becomes dense


S14


39


MATERIAL  DESCRIPTION


SILTY SAND (SM), very dense, olive brown, dry to moist, fine SAND
(continued)


REMARKS AND
OTHER TESTS


Bottom of borehole at 71.5 feet bgs.
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og


Ty
pe
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Project Location:   Retaining Wall 287, Riverside, CA


Figure A-38
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Borehole
Backfill


Ty
pe
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, %


S01


Total Depth
of Borehole
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SAMPLES


Lean CLAY with SAND (CL), medium stiff, brown, moist, about 20% medium
to fine SAND, about 80% fines


13.8


9.0


PA: 8%<#200 sieve


S05


S04


S03


S02 50/4"


ALLUVIUM (Qal):  CLAYEY SAND (SC), dense, brown, moist, mostly coarse
to medium SAND


POORLY GRADED GRAVEL with SAND and COBBLES (GP), dense, brown,
moist, COBBLES to 4 inches, coarse to fine GRAVEL, coarse to fine SAND,
trace fines


... granitic boulder 16 inches cored length (12-13.3 ft)


SILTY GRAVEL with SAND (GM), very dense, brown, moist, coarse to fine
angular to subrounded GRAVEL, coarse to fine SAND


FILL (Af):  Poorly graded GRAVEL with SILT and SAND (GP-GM), very dense,
brown, moist, about 45% coarse to fine angular to subrounded GRAVEL,
about 45% coarse to fine SAND, about 10% fines


Concrete approx. 14 to 15 inches thick


8


22


CLAYEY SAND (SC), very dense, brown, moist, mostly medium to fine SAND


44


WA: 81%<#200 sieve


Continue to lose
circulation.


WA: 3%<#200 sieve


Lose circulation;
recover 16 inches of
granite core.


Change to stratapak
bit.


Slight core chatter.


Rod bounced during
sampling, possibly due
to gravel.
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Project Number:     30989802
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Figure A-39


Logged By


Drill Rig
Type


P. Chau


Location Hammer Efficiency
Rating (ERi)


Date(s)
Drilled


Groundwater
Level(s)


Checked By


Rotary Wash / CoreDrilling
Method


Bentonite chips capped with concrete


11/28/07


50.0 feet


84%


P. Yerra


CalTrans


Automatic hammer,
140 lbs / 30-inch dropSPTSampling


Method(s)


871.0 feet


Refer to Site Plan (Station 287+70)


Hammer Data


4.5-inch finger bit and
stratapak diamond bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







MATERIAL  DESCRIPTION


G
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ic


 L
og


Ty
pe


IGNEOUS ROCK (GRANITE), massive, light gray to light brown, slightly
weathered to fresh, hard, unfractured


REMARKS AND
OTHER TESTS


... becomes pale gray
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SAMPLES


S07


S08


13.1


17.9


Bottom of borehole at 50.0 feet bgs (out of water).


E
le


va
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n,
fe


et


Possibly weathered
bedrock.


Refusal; rod bouncing
during sampling
attempt.
Continue to lose
circulation.


Out of water.
Terminate boring in
bedrock.


82


72/11.5"


50/5.5"


CLAYEY SAND (SC), very dense, brown, moist, mostly medium to fine SAND
(continued)


SANDY lean CLAY (CL), hard, olive brown to olive gray, moist, mostly medium
to fine SAND, some iron oxide staining


Figure A-39


Project Location:   Retaining Wall 288, Riverside, CA
Log of Boring R-07-138
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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FILL (Af):  SANDY lean CLAY (CL), gray, dry to moist, fine SAND, low
plasticity fines
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CLAYEY SAND (SC), medium dense, brown, dry to moist, fine SAND, low
plasticity fines, iron oxide staining


ALLUVIUM (Qal):  Lean CLAY with SAND (CL), stiff, reddish brown, dry to
moist, about 20% medium to fine SAND, about 80% low plasticity fines


... becomes medium dense, with lenses of SILTY SAND (SM)


... becomes dense, brown


CLAYEY SAND (SC), medium dense, light brown to yellowish brown, dry to
moist, <5% fine angular GRAVEL, about 50-55% coarse to fine SAND, about
45-50% low plasticity fines
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Pavement:  asphalt on base course
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SILTY SAND with GRAVEL (SM), medium dense, light brown to yellowish
brown and gray, dry to moist, fine angular GRAVEL, coarse to fine SAND, low
plasticity fines
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Min. Resistivity=
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LL=24, PI=10
WA: 79%<#200 sieve
DS


1700 ohm/cm


Chloride=75 ppm
Sulfate=240 ppm


CR:  pH=8.0


WA: 48%<#200 sieve
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Project Number:     30989802
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865
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Project Location:   Retaining Wall 288, Riverside, CA


Checked By


Bulk, SPT, Modified California


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Drill Rig
Type
Groundwater
Level(s)


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


74%


876.1 feet


71.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


2/5/08Date(s)
Drilled


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationAcker Rig


Sampling
Method(s)


Logged By
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Figure A-40


Project Location:   Retaining Wall 288, Riverside, CA


WA: 29%<#200 sieve
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CLAYEY SAND (SC), medium dense, brown, dry to moist, fine SAND, low
plasticity fines, iron oxide staining (continued)


... becomes very dense, moist, about 70% coarse to fine SAND, about
30% fines


... becomes dense
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... sand grades fine, with very clayey lenses
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S13
CLAYEY SAND (SC), dense, brown, moist, fine SAND, low plasticity fines;
occurs as very sandy and very clayey lenses (continued)
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Bottom of borehole at 71.5 feet bgs.
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14.7


38


SILTY SAND (SM), dense, dark brown, moist, coarse to fine SAND


SANDY lean CLAY (CL), hard, brown, moist, medium to fine SAND


... becomes very dense


CLAYEY SAND (SC/CL), medium dense, brown, moist, <5% fine GRAVEL,
about 50% coarse to fine SAND, about 50% fines


ALLUVIUM (Qal):  Lean CLAY with SAND (CL), medium stiff, brown, moist,
about 15% coarse to fine SAND, about 85% fines
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41


51
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PA: 50%<#200 sieve


WA: 34%<#200 sieve


WA: 84%<#200 sieve


Very little recovery for
bulk sample (wet).


CLAYEY SAND (SC), very dense, brown to yellowish brown, moist, about
65% coarse to fine SAND, about 35% fines
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Project Location:   Retaining Wall 286, Riverside, CA


Location


Sampling
Method(s)


Logged ByDate(s)
Drilled


Drill Rig
Type


Hammer Efficiency
Rating (ERi)


Bentonite chips


Groundwater
Level(s)


Checked By


Rotary Wash


P. Chau P. Yerra


Refer to Site Plan (Station 291+50)


Bulk, SPT


CalTrans


84%


855.1 feet


51.5 feet


Automatic hammer,
140 lbs / 30-inch dropHammer Data


12/13/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







SILTY SAND (SM), very dense, dark brown, moist, medium to fine SAND


CLAYEY SAND (SC), very dense, dark brown, moist, medium to fine sand


Bottom of borehole at 51.5 feet bgs.
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SILTY SAND (SM), dense, dark brown, moist, coarse to fine SAND
(continued)
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SANDY lean CLAY (CL), hard, dark brown, moist, fine SAND


... becomes very dense
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MATERIAL  DESCRIPTION


D01


Poorly graded SAND with SILT (SP-SM), very dense, brown, moist, about
90% coarse to fine SAND, about 10% fines
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19.5
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S04


S03


S02


S01 16


Borehole
Backfill


SANDY fat CLAY (CH), very stiff, brown, moist, coarse to fine SAND


CLAYEY SAND (SC), very dense, brown, moist, about 80-85% coarse to fine
SAND, about 15-20% fines


ALLUVIUM (Qal):  SANDY lean CLAY (CL), hard, brown, moist, about
45-50% medium to fine SAND, about 50-55% low plasticity fines, rootlets


FILL (Af):  Lean CLAY with SAND (CL), very stiff, dark brown, moist, about
15% fine SAND, about 85% fines


Pavement:  asphalt on base course
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LL=29, PI=16
WA: 52%<#200 sieve
DS


WA: 83%<#200 sieve
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Figure A-42


Date(s)
Drilled D. Wader


LocationBentonite capped with cement grout


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Hammer Efficiency
Rating (ERi)


11/14/07


30.5 feet


84%


S. Pirathiviraj


CalTrans


Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Bulk, SPT, Modified CaliforniaSampling
Method(s)


850.2 feet


Refer to Site Plan (Station 292+85)


Hammer Data


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000
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50/5" Poorly graded SAND with SILT (SP-SM), very dense, brown, moist (continued)
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Ty
pe


REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION


Bottom of borehole at 30.5 feet bgs.
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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FILL (Af):  SANDY lean CLAY (CL), medium stiff, brown, moist
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... granitic gravel in top of sample


ALLUVIUM (Qal):  SANDY lean CLAY (CL), very stiff, brown, moist, fine
SAND, low plasticity fines


SANDY lean CLAY (CL), stiff, brown, moist, <5% fine GRAVEL, about
40-45% medium to fine SAND, about 55-60% low plasticity fines


... becomes medium dense


CLAYEY SAND with GRAVEL (SC), loose, brown, moist, about 25% coarse to
fine GRAVEL, about 60% coarse to fine SAND, about 15% fines, roots
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... becomes very stiff, few gravel
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PA: 16%<#200 sieve
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No drilling fluid return.


LL=25, PI=8
PA: 57%<#200 sieve


Loss of drilling fluid.


Soil appears to be
completely weathered
granitic rock.


1900 ohm/cm
Min. Resistivity=
Chloride=270 ppm
Sulfate=264 ppm


CR:  pH=7.3


Low recovery in S01;
granitic gravel in shoe.
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Figure A-43
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Project Location:   Retaining Wall 294, Riverside, CA


Checked By


Bulk, SPT, Modified California


A. Burciaga


Location Hammer Efficiency
Rating (ERi)


Bentonite capped with asphalt


Drill Rig
Type
Groundwater
Level(s)


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


74%


876.5 feet


62.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


1/30/08Date(s)
Drilled


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationAcker Rig


Sampling
Method(s)


Logged By
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SILTY, CLAYEY SAND with GRAVEL (SC-SM), very dense, dark reddish
brown, moist, coarse to fine SAND, low plasticity fines, strong cementation


CLAYEY SAND (SC), very dense, brown, moist, <5% GRAVEL, about
60% medium to fine SAND, about 40% low plasticity fines


... becomes dense


... becomes very dense


LL=26, PI=8


Bottom of borehole at 62.5 feet bgs.


WA: 41%<#200 sieve
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LL=25, PI=7


Soil appears to be
completely weathered
granitic rock; black
elongate minerals
visible.
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Figure A-43


Project Location:   Retaining Wall 294, Riverside, CA
Project:   State Route 91 Retaining Walls and Soundwalls


845


840


835


830


825


820


815


Project Number:     30989802


R
ep


or
t: 


G
E


O
_1


0_
S


N
A


_C
T;


  F
ile


: S
N


A
_S


R
91


W
A


LL
.G


P
J;


  9
/1


4/
08


  R
-0


7-
14


2


D
ril


lin
g 


M
et


ho
dSAMPLES


E
le


va
tio


n,
fe


et


D
ep


th
,


fe
et


S
am


pl
in


g
R


es
is


ta
nc


e,
bl


ow
s/


fo
ot


Sheet 2 of 2


M
oi


st
ur


e
C


on
te


nt
, %







REMARKS AND
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74/11"


... becomes hard, trace medium sand


ALLUVIUM (Qal):  Lean CLAY with SAND (CL), very stiff, brown, dry to moist,
fine SAND, low to medium plasticity fines


Lean CLAY with SAND (CL), hard, brown and gray, dry to moist, <5% coarse
to fine angular GRAVEL to 1 inch, about 25% medium to fine SAND, about
75% low to medium plasticity fines


Poorly graded SAND with SILT and GRAVEL (SP-SM), very dense, light
brown to yellowish brown, dry to moist, coarse to fine GRAVEL, coarse to fine
SAND


... becomes dense


FILL (Af):  SILTY SAND with GRAVEL (SM), very dense, light brown to
yellowish brown, dry to moist, possible COBBLES, about 15% coarse to fine
angular GRAVEL to 1 inch, about 70% coarse to fine SAND, about 15% fines


Concrete approx. 8 inches thick
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34


54


WA: 73%<#200 sieve


PA: 16%<#200 sieve


Very hard layer 4-5 ft;
possible cobble.


No bulk sample
retained.
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Figure A-44


Project Location:   Retaining Wall 291, Riverside, CA
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Bentonite capped with cement grout


Date(s)
Drilled


Drill Rig
Type


C. Carbino


Hammer Efficiency
Rating (ERi)


Sampling
Method(s)


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Location


Automatic hammer,
140 lbs / 30-inch drop


Refer to Site Plan (Station 293+80)


SPT, Modified California


CalTrans


74%


879.2 feet


71.5 feet


Logged By P. Yerra


Hammer Data


2/6/08


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationAcker Rig
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Lean CLAY with SAND (CL), hard, brown, dry to moist, fine SAND, low to
medium plasticity fines (continued)


SANDY lean CLAY (CL), hard, brown, dry to moist, trace fine angular
GRAVEL to 1/2 inch, coarse to fine SAND, low plasticity fines


... becomes very stiff, increasing sand content


... becomes hard


... trace subangular gravel to 1 inch
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Project Location:   Retaining Wall 291, Riverside, CA
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SANDY lean CLAY (CL), hard, brown, dry to moist, trace coarse to fine
angular GRAVEL to 1 inch, coarse to fine SAND, low plasticity fines
(continued)
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Bottom of borehole at 71.5 feet bgs.
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PA: 81%<#200 sieve


Fat CLAY with SAND (CH), stiff, reddish brown, moist, about 20% medium to
fine SAND, about 80% high plasticity fines


FILL (Af):  CLAYEY SAND (SC), reddish brown, dry to moist


Pavement:  asphalt on base course
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WA: 60%<#200 sieve


ALLUVIUM (Qal):  SANDY lean CLAY (CL), hard, brown, moist, about
40% medium to fine SAND, about 60% fines


1200 ohm/cm
Min. Resistivity=
Chloride=75 ppm
Sulfate=ND


CR:  pH=9.5
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Refer to Site Plan (Station 296+40)
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Location Hammer Efficiency
Rating (ERi)
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Method
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Size/Type 4.5-inch finger bit 51.5 feet
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860.2 feet


11/14/07


Not encountered
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Contractor
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... becomes stiff, moist


... becomes very stiff


... becomes hard, dry, more sandy, about 40% medium to fine SAND, about
60% fines


... becomes very stiff


ALLUVIUM (Qal):  SANDY lean CLAY (CL), hard, yellowish red, moist, about
30% medium to fine SAND, about 70% low plasticity fines


FILL (Af):  CLAYEY SAND (SC), yellowish red, moist, coarse to fine SAND


Pavement:  asphalt on base course
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LL=24, PI=9
WA: 58%<#200 sieve


WA: 61%<#200 sieve


PA: 68%<#200 sieve


Hand auger to 5 ft.
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Project Location:   Retaining Wall 294, Riverside, CA
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and asphalt patch


Groundwater
Level(s)
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Hollow-Stem AugerDrilling
Method


Automatic hammer,
140 lbs / 30-inch drop


Refer to Site Plan (Station 297+40)


Bulk, SPT, Modified California
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75% (estimated)


869.0 feet
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P. Yerra


Hammer Data
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8-inch bullet bit


Not encountered
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Contractor


Surveyed Ground
Surface ElevationDiedrich D-120
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SANDY lean CLAY (CL), very stiff, yellowish red, moist, about 40% medium to
fine SAND, about 60% low plasticity fines (continued)


CLAYEY SAND (SC), very dense, yellowish red, moist, about 55% coarse to
fine SAND, about 45% low to medium plasticity fines


... becomes brown, more sandy, about 85% coarse to fine SAND, about
15% fines
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CLAYEY SAND (SC), very dense, brown, moist, about 85% coarse to fine
SAND, about 15% fines (continued)
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Bottom of borehole at 71.5 feet bgs.
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... becomes medium dense, light brown, trace fine subrounded gravel


CLAYEY SAND (SC), dense, brown, dry, about 70% coarse to fine SAND,
about 30% fines


... becomes very stiff, brown


SANDY lean CLAY (CL), stiff, light reddish brown to light brown, dry, about
35% medium to fine SAND, about 65% fines


Lean CLAY with SAND (CL), very stiff, light reddish brown, dry, about
20% medium to fine SAND, about 80% fines, weak cementation
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WA: 30%<#200 sieve


WA: 65%<#200 sieve


PA: 79%<#200 sieve


ALLUVIUM (Qal):  SILTY SAND (SM), light brown, dry
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Project Location:   Retaining Wall 293, Riverside, CA


Location


Logged ByDate(s)
Drilled


Drill Rig
Type


Hammer Efficiency
Rating (ERi)


Soil cuttings


Groundwater
Level(s)


Checked By


Hollow-Stem Auger


P. Chau S. Pirathiviraj


Refer to Site Plan (Station 300+20)


Bulk, SPT


CalTrans


84%


868.2 feet


Sampling
Method(s)


71.5 feet


Automatic hammer,
140 lbs / 30-inch dropHammer Data


11/7/07


6-inch-OD / 4.5-inch-ID auger


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000
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CLAYEY SAND (SC), medium dense, light brown, dry, <5% fine subrounded
GRAVEL, about 70% coarse to fine SAND, about 30% fines (continued)


SANDY lean CLAY (CL), hard, light brown with grayish brown to brown
mottling, dry, trace fine angular GRAVEL, coarse to fine SAND, weak to
moderate cementation


SANDY lean CLAY with GRAVEL (CL), hard, reddish brown, moist, about
15% fine angular GRAVEL, about 30% coarse to fine SAND, about 55% fines,
weak cementation


CLAYEY SAND with GRAVEL (SC), very dense, reddish brown, moist, fine
angular GRAVEL, coarse to fine SAND, weak cementation


CLAYEY SAND (SC), very dense, reddish brown, moist, trace fine angular
GRAVEL, coarse to fine SAND, weak cementation


Poorly graded SAND with SILT (SP-SM), very dense, light orange-brown, dry,
trace fine angular GRAVEL, coarse SAND


CLAYEY SAND (SC), dense, reddish brown, moist, coarse to fine SAND,
weak cementation


Quartz grains intact;
other minerals
decomposed to clay.
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Low screeching noise
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ground shaking.
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Figure A-47
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S13
CLAYEY SAND (SC), dense, reddish brown, moist, trace fine subangular
GRAVEL, coarse to fine SAND, weak cementation (continued)


S14 26


Bottom of borehole at 71.5 feet bgs.
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... becomes reddish brown, moist


OLDER ALLUVIUM (Qoal):  CLAYEY SAND (SC), very dense, brown to light
brown, dry, about 65% coarse to fine SAND, about 35% fines


CLAYEY SAND (SC), dense, brown, moist, medium to fine SAND
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SANDY lean CLAY (CL), very stiff, brown, moist, about 45% medium to fine
SAND, about 55% fines
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S02


S01 PA: 75%<#200 sieve


RECENT ALLUVIUM (Qal):  SILTY SAND (SM), reddish brown, moist,
medium to fine SAND


Mulch approx. 6 inches thick
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WA: 54%<#200 sieve


1300 ohm/cm
Min. Resistivity=
Chloride=45 ppm
Sulfate=57 ppm


CR:  pH=7.7


... becomes hard


WA: 37%<#200 sieve
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Groundwater
Level(s)


Refer to Site Plan (Station 301+70)Location Hammer Efficiency
Rating (ERi)


Bentonite chips


Date(s)
Drilled


Drill Rig
Type


Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


11/16/07


Bulk, SPT


CalTrans


84%


869.0 feet


61.5 feet


S. Pirathiviraj


Automatic hammer,
140 lbs / 30-inch dropHammer Data


P. ChauLogged By


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)







CLAYEY SAND (SC), very dense, reddish brown, moist, about 65% coarse to
fine SAND, about 35% fines  (continued)


... becomes brown to light brown


... becomes brown


... trace fine gravel


... becomes dense


Bottom of borehole at 61.5 feet bgs.
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Ty
pe


SILTY, CLAYEY SAND (SC-SM), very dense, reddish brown, dry, about
75% medium to fine SAND, about 25% low plasticity fines
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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... becomes brown


... becomes light olive brown, more clayey, <5% fine GRAVEL, about
70% coarse to fine SAND, about 30% fines


... becomes more clayey, about 80% medium to fine SAND, about 20% fines
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ALLUVIUM (Qal):  Lean CLAY with SAND (CL), very stiff, light brown, dry,
about 25% medium to fine SAND, about 75% low plasticity fines
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SAMPLES


CLAYEY SAND (SC), very dense, reddish brown, dry to moist, about
85% medium to fine SAND, about 15% low to medium plasticity fines


12010.8


14.3


10.8


S05


S04


S03


S02


S01 7.7


WA: 23%<#200 sieve


Pavement:  asphalt on base course


49


55


55


50/5"


23


LL=32, PI=14
PA: 28%<#200 sieve


LL=24, PI=5


LL=25, PI=9
PA: 73%<#200 sieve


2700 ohm/cm
Min. Resistivity=
Chloride=45 ppm
Sulfate=15 ppm


CR:  pH=7.8


WA: 20%<#200 sieve


Borehole
Backfill
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Project Number:     30989802


875


870


865


860


855


850


Project Location:   Retaining Wall 303, Riverside, CA


Date(s)
Drilled D. Wader


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt Refer to Site Plan (Station 304+35)


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Bulk, SPT, Modified California


CalTrans


84%


876.0 feet


50.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Hammer Data


12/17/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)







... possible steeply dipping carbonate-filled joint in shoe


Poorly graded SAND (SP), very dense, brown, moist, coarse to fine SAND,
trace fines, possibly decomposed granite


... becomes medium gray with abundant iron oxide staining, sand grades fine


... becomes brown, sand grades coarse to fine


Bottom of borehole at 50.5 feet bgs.
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CLAYEY SAND (SC), very dense, brown, moist, <5% fine GRAVEL, about
70% coarse to fine SAND, about 30% low to medium plasticity fines
(continued)


50/5"


REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION
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Ty
pe


S07


S08


S09


S10


8.5


28.9


17.1


SANDY lean CLAY (CL), hard, light olive to yellowish brown with gray mottling,
moist, medium to fine SAND, medium plasticity fines, possibly extremely
weathered claystone


Material below 32 ft
may be bedrock.
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Project Location:   Retaining Wall 303, Riverside, CA
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ALLUVIUM (Qal):  SANDY lean CLAY with GRAVEL (CL), grayish brown to
brown, dry to moist, angular to subrounded GRAVEL, coarse to fine SAND,
low plasticity fines


MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


N
um


be
r


Ty
pe


CLAYEY SAND (SC), very dense, dark yellowish brown, moist, about
65% coarse to fine SAND, about 35% low plasticity fines, few gravel-size
fragments of decomposed granite


... with black staining


SILTY, CLAYEY SAND (SC-SM), very dense, dark reddish brown, moist,
about 75% coarse to fine SAND, about 25% low plasticity fines
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CLAYEY SAND (SC), medium dense, yellowish brown, moist, about
75% coarse to fine SAND, about 25% low plasticity fines


118


9.4


8.5


9.4


S05


S04


S03


S02


S01


8.9


LL=29, PI=11


47


50/5"


88/11"


50/5"


20


LL=29, PI=11
WA: 33%<#200 sieve


Add water.


DS


WA: 25%<#200 sieve


3900 ohm/cm
Min. Resistivity=
Chloride=285 ppm
Sulfate=564 ppm


CR:  pH=7.6


LL=26, PI=7
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Project Number:     30989802


880


875


870


865
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Project Location:   Retaining Wall 303, Riverside, CA


Groundwater
Level(s)


Drill Rig
Type


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Soil cuttings with 5-ft bentonite plug
and asphalt patch Refer to Site Plan (Station 309+00)


Date(s)
Drilled Checked By


Hollow-Stem AugerDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


8-inch bullet bit 30.8 feet


P. Yerra


75% (estimated)


Automatic hammer,
140 lbs / 30-inch drop


Tri-County Drilling


Hammer DataBulk, SPT, Modified California


881.4 feet


3/3/08


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationDiedrich D-120


Sampling
Method(s)


Logged By
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S06


Bottom of borehole at 30.8 feet bgs.


9.5 119CLAYEY SAND (SC), very dense, dark yellowish brown, moist, about
65% coarse to fine SAND, about 35% low plasticity fines (continued)
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Ty
pe


REMARKS AND
OTHER TESTS


50/4"


Project Location:   Retaining Wall 303, Riverside, CA


Figure A-50
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Drill Bit
Size/Type


D01


Checked By


Rotary Wash / CoreDrilling
Method


MATERIAL  DESCRIPTION


Borehole
Backfill


Attempt SPT at 6 ft;
sampler bounced.


Driller reports very
hard rock 4-6 ft; bit
damaged and had to
be replaced.


REC=
95%


RQD=
72%


C03


C02


C01


REMARKS AND
OTHER TESTS


Ty
pe


REC=
75%


RQD=
13%


REC=
85%


RQD=
22%


Bottom of borehole at 21.0 feet bgs.


... increased quartz and feldspar


IGNEOUS ROCK (GRANITE), phaneritic, black and white, slightly weathered,
hard, moderately to slightly fractured


FILL (Af):  SANDY lean CLAY (CL), light gray, dry to moist, fine SAND, low
plasticity fines


Pavement:  asphalt on base course
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Project:   State Route 91 Retaining Walls and Soundwalls


Figure A-51
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Project Number:     30989802


890


885


880


875


870


865


Project Location:   Retaining Wall 303, Riverside, CA


Date(s)
Drilled


Surveyed Ground
Surface Elevation


Sampling
Method(s)


Logged By


Drilling
Contractor


Drill Rig
Type


A. Burciaga


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


CalTrans


Refer to Site Plan (Station 314+00)


CME 85


Bulk, SPT, HQ core barrelNot encountered


87%


892.8 feet


21.0 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


1/10/08


4.5-inch finger bit / HQ core bit
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Drill Bit
Size/Type


D01


Checked By


Hollow-Stem AugerDrilling
Method


Borehole
Backfill
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LL=32, PI=12


50/5"


50/3"


9.4


10.5


S02


S01


MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Attempt SPT at 15 ft;
no penetration for
50 blows.
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Bottom of borehole at 18.0 feet bgs (refusal).


IGNEOUS ROCK (GRANODIORITE), phaneritic, pale tan to white, intensely
weathered, very hard, biotite-rich (SILTY SAND (SM), very dense, dry)


CLAYEY SAND (SC), very dense, dark reddish brown, moist, appears to be
decomposed granite


... hard


ALLUVIUM (Qal):  SANDY lean CLAY (CL), stiff, reddish brown, dry, low
plasticity fines


Ty
pe


Project:   State Route 91 Retaining Walls and Soundwalls


Figure A-52
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Project Number:     30989802


905


900


895


890


885


880


Project Location:   Retaining Wall 316, Riverside, CA


Date(s)
Drilled


Surveyed Ground
Surface Elevation


Sampling
Method(s)


Logged By


Drilling
Contractor


Drill Rig
Type


S. Clay


Location Hammer Efficiency
Rating (ERi)


Soil cuttings with 5-ft bentonite plug


Tri-County DrillingDiedrich D-120


Bulk, SPT, Modified CaliforniaNot encountered


75% (estimated)


907.0 feet


18.0 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


3/6/08


8-inch bullet bit


Refer to Site Plan (Station 315+15)
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Groundwater
Level(s)


Checked By


Rotary Wash / Core Drill Bit
Size/Type


Borehole
Backfill
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f


Drilling
Method


REC=
100%
RQD=
42%


Boring terminated due
to time restrictions.


Driller indicates very
hard drilling.


Pavement:  asphalt on base course


FILL (Af):  SANDY lean CLAY (CL), light gray to light brown, dry to moist, fine
SAND, low plasticity fines


C02


C01


Bentonite chips capped with asphalt


MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


REC=
100%
RQD=
95%


N
um


be
r


Ty
pe
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Bottom of borehole at 6.6 feet bgs.


IGNEOUS ROCK (GRANITE), phaneritic, black and white, fresh, hard to very
hard, moderately to slightly fractured


Project:   State Route 91 Retaining Walls and Soundwalls
Project Location:   Retaining Wall 315, Riverside, CA


Figure A-53


Log of Boring R-07-152
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Project Number:     30989802


900


895


890


885


880


875


Not encountered


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)


4.5-inch finger bit / HQ core bit


Logged ByDate(s)
Drilled


Drill Rig
Type


C. Carbino


Location Refer to Site Plan (Station 319+20)


Drilling
Contractor


Not applicable


1/11/08


Bulk, HQ core barrel


Caltrans 902.2 feet


6.6 feet


P. Yerra


Not applicableHammer Data
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Hollow-Stem Auger


D01


Drill Bit
Size/Type


Borehole
Backfill
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Total Depth
of Borehole


5.4


CR:  pH=6.9


Chloride=510 ppm


113


Min. Resistivity=


9.0


5.8


S02


S01


IGNEOUS ROCK (GRANODIORITE), phaneritic, pale tan to white, intensely
weathered, hard, biotite-rich and feldspathic (CLAYEY SAND with GRAVEL
(SC), very dense, dry, coarse to fine SAND)


Checked By
Ty


pe
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Sulfate=2400 ppm


... becomes very hard


CLAYEY SAND (SC), very dense, reddish brown, dry to moist, about 5% fine
GRAVEL, about 50% coarse to fine SAND, about 45% low plasticity fines


ALLUVIUM (Qal):  SANDY lean CLAY (CL), stiff, reddish brown, moist, low
plasticity fines


83/11"


58


Attempt SPT at 15 ft;
no penetration for
50 blows.


PA: 46%<#200 sieve


660 ohm/cm


Bottom of borehole at 15.0 feet bgs (refusal).


Groundwater
Level(s)
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Project Location:   Retaining Wall 316, Riverside, CA
Sheet 1 of 1
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Figure A-54


S. Clay


Sampling
Method(s)


Logged ByDate(s)
Drilled


Diedrich D-120


Location Hammer Efficiency
Rating (ERi)


Soil cuttings with 5-ft bentonite plug


Drill Rig
Type 916.0 feet


Refer to Site Plan (Station 319+45)


Bulk, SPT, Modified California


75% (estimated)


Surveyed Ground
Surface Elevation


15.0 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


3/6/08


8-inch bullet bit


Not encountered


Drilling
Contractor Tri-County Drilling
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Drilling
Method
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D01


Drill Bit
Size/Type


Borehole
Backfill
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6.7


LL=31, PI=13


S04


S03


S02


S01


50/1"
Bottom of borehole at 19.1 feet bgs (refusal).


IGNEOUS ROCK (GRANITE), coarse-grained, orange-brown, intensely
weathered (CLAYEY SAND (SC), very dense, about 5% fine GRAVEL to
1/2 inch, about 60% coarse to fine SAND, about 35% fines)


CLAYEY SAND (SC), very dense, orange-brown, moist, about 75% coarse to
fine SAND, about 25% low plasticity fines, appears to be decomposed granite


Material appears to be
decomposed granite.


Pavement:  asphalt on base course


WA: 24%<#200 sieve


50/1"


50/5"


47


No recovery.


Yellowish brown sandy
clay in cuttings.


No recovery.


PA: 35%<#200 sieve


ALLUVIUM (Qal):  SANDY lean CLAY (CL), brown, moist, few coarse to fine
angular GRAVEL to 2 inches, medium to fine SAND, low plasticity fines
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Project:   State Route 91 Retaining Walls and Soundwalls
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Project Number:     30989802
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Figure A-55


Project Location:   Retaining Wall 321, Riverside, CA


Location


Logged ByDate(s)
Drilled


Drill Rig
Type


Hammer Efficiency
Rating (ERi)


Mixture of bentonite chips and soil
cuttings capped with asphalt


Groundwater
Level(s)


Checked ByC. Carbino


Automatic hammer,
140 lbs / 30-inch drop


Tri-County Drilling


Refer to Site Plan (Station 322+10) 75% (estimated)


931.1 feet


Sampling
Method(s) Bulk, SPT, Modified California


P. Yerra


19.1 feet


Hammer Data


2/29/08


8-inch bullet bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationDiedrich D-120
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MATERIAL  DESCRIPTION


SAMPLES


Ty
pe
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Drill Bit
Size/Type


D01


Total Depth
of Borehole


SILTY SAND (SM), very dense, yellowish brown, moist, trace fine subangular
GRAVEL to 1/2 inch, mostly medium to fine SAND, low plasticity fines
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115


22.9


1.4


15.8


S05


S04


S03


S02


S01


7.2


50/4"


... becomes light yellowish brown with dark brown mica


... gravel in sampler


... becomes very dense, grayish brown, sand grades coarser, possibly
weathered bedrock


... becomes dense, sand grades coarser, about 5% fine GRAVEL, about
70% coarse to fine SAND, about 25% low plasticity fines


ALLUVIUM (Qal):  CLAYEY SAND (SC), yellowish brown, moist, medium to
fine SAND, low plasticity fines


Pavement:  asphalt on base course


46


50/1"


28


LL=32, PI=3


Very little recovery.


PA: 25%<#200 sieve


81/11"


Log of Boring R-07-155


0


5


10


15


20


25


30


Project:   State Route 91 Retaining Walls and Soundwalls


Figure A-56


Project Location:   Retaining Wall 322, Riverside, CA
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Bentonite chips capped with asphalt


Date(s)
Drilled


Drill Rig
Type


C. Carbino


Hammer Efficiency
Rating (ERi)


Sampling
Method(s)


Groundwater
Level(s)


Checked By


Rotary Wash / CoreDrilling
Method


Location


Automatic hammer,
140 lbs / 30-inch drop


Refer to Site Plan (Station 322+20)


Bulk, SPT, Modified California,
HQ core barrel


CalTrans


74%


906.2 feet


40.0 feet


Logged By P. Yerra


Hammer Data


1/30/08


4.5-inch finger bit / HQ core bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationAcker Rig
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C01


IGNEOUS ROCK (GRANITE), phaneritic, white, black, and pink, moderately
to slightly weathered, hard, slightly fractured, minor iron oxide staining, very
thin and slightly rough joints dipping 35°-40° with sand, clay, and mica


C02


Attempt to drive Mod
Cal sampler at 30 ft;
no penetration for
50 blows, no recovery.
Switch to HQ core bit.


REMARKS AND
OTHER TESTS


REC=
100%
RQD=
25%


... becomes moderately to slightly fractured, oxide and clay infilling


Bottom of borehole at 40.0 feet bgs.
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Figure A-56
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LL=23, PI=6


S03
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11


Bottom of borehole at 23.0 feet bgs (refusal).


IGNEOUS ROCK (GRANITE)


Lean CLAY with SAND (CL), stiff, brown, moist, about 25% medium to fine
SAND, about 75% low plasticity fines


SANDY SILTY CLAY (CL-ML), very stiff, brown, moist, <5% fine subangular
GRAVEL, about 35% medium to fine SAND, about 65% low plasticity fines


Pavement:  asphalt on base course


23


5


Attempt SPT at 23 ft;
no advance for
50 blows.


Attempt to drive Mod
Cal sampler at 20 ft;
no penetration for
50 blows, no recovery.
Weathered granite in
tip, powdery cuttings.


LL=28, PI=10
WA: 73%<#200 sieve


LL=23, PI=4
WA: 63%<#200 sieve


ALLUVIUM (Qal):  SILTY, CLAYEY SAND (SC-SM), loose, brown, moist,
about 5% fine subangular GRAVEL to 3/4 inch, about 50% coarse to fine
SAND, about 45% low plasticity fines
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Project Location:   Retaining Wall 321, Riverside, CA


Borehole
Backfill


Sheet 1 of 1


R
ep


or
t: 


G
E


O
_1


0_
S


N
A


_C
T;


  F
ile


: S
N


A
_S


R
91


W
A


LL
.G


P
J;


  9
/1


4/
08


  A
-0


7-
15


6


Project Number:     30989802


920


915


910


905


900


895


Hammer Efficiency
Rating (ERi)


Date(s)
Drilled


Drill Rig
Type


C. Carbino


Location


Sampling
Method(s)


Mixture of bentonite chips and soil
cuttings capped with asphalt


Groundwater
Level(s)


Checked By


Hollow-Stem AugerDrilling
Method


Hammer Data


75% (estimated)


Bulk, SPT, Modified California


922.0 feet


Refer to Site Plan (Station 327+00)


23.0 feet


Logged By


Tri-County Drilling


Automatic hammer,
140 lbs / 30-inch drop


P. Yerra3/5/08


8-inch bullet bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationDiedrich D-120
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IGNEOUS ROCK (GRANITE), phaneritic, black, white, and pink, intensely
weathered, moderately hard
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Backfill


SANDY lean CLAY (CL), hard, reddish brown, moist, about 45% medium to
fine SAND, about 55% low plasticity fines


CLAYEY SAND (SC), very dense, reddish brown, moist, about 60% coarse to
fine SAND, about 40% low plasticity fines


SANDY SILTY CLAY (CL-ML), hard, reddish brown, moist, trace fine
GRAVEL, fine SAND, low plasticity fines


ALLUVIUM (Qal):  CLAYEY SAND (SC), reddish brown to gray, moist, few
GRAVEL, medium to fine SAND


Pavement:  asphalt on base course


50/3"


50/5"


48


Very small sample of
crushed granitic rock.


Recover only small
amount of granitic rock
from shoe; in bag.


WA: 55%<#200 sieve


WA: 38%<#200 sieve


Cobble fragments in
upper tube.


Weathered granitic
clast stuck in shoe.


LL=25, PI=5
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Date(s)
Drilled A. Burciaga


LocationBentonite chips capped with asphalt


Logged By


Groundwater
Level(s)


Checked By


Rotary Wash / CoreDrilling
Method


Hammer Efficiency
Rating (ERi)


1/29/08


51.0 feet


87%


P. Yerra


CalTrans


Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Bulk, SPT, Modified California,
HQ core barrel


Sampling
Method(s)


890.3 feet


Refer to Site Plan (Station 327+90)


Hammer Data


4.5-inch finger bit / HQ core bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCME 85
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Approx. 15 minutes
to core 36-41 ft.


REC=
30%


RQD=
0%


REC=
7%


RQD=
0%


REC=
23%


RQD=
0%


REC=
60%


RQD=
20%


IGNEOUS ROCK (GRANITE), phaneritic, black, white, and pink, intensely
weathered, moderately hard (continued)
... intensely fractured


... becomes highly weathered, one clay-filled fractured 3/4-inch thick observed
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... becomes brown


IGNEOUS ROCK (GRANITE), light orange-brown to gray, intensely weathered
(CLAYEY SAND (SC), very dense, dry to moist, about 70% coarse to fine
SAND, about 30% low plasticity fines)


... becomes hard


SANDY SILTY CLAY (CL-ML), very stiff, brown, moist, about 35% medium to
fine SAND, about 65% low plasticity fines


SANDY lean CLAY (CL), very stiff, brown, moist, about 5% fine GRAVEL,
about 40% coarse to fine SAND, about 55% low plasticity fines


ALLUVIUM (Qal):  SILTY  CLAY with SAND (CL-ML), soft, brown, moist, about
25% medium to fine SAND, about 75% low plasticity fines


Pavement:  asphalt on base course
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LL=25, PI=7
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Very slow drilling.


WA: 31%<#200 sieve


Add water.


LL=22, PI=5
WA: 64%<#200 sieve


LL=27, PI=9


DS


18


WA: 73%<#200 sieve


5200 ohm/cm
Min. Resistivity=
Chloride=330 ppm
Sulfate=552 ppm


CR:  pH=7.5


PA: 53%<#200 sieve


Bulk, SPT, Modified California
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Log of Boring A-07-158


Refer to Site Plan (Station 332+00)


Project Location:   Retaining Wall 321, Riverside, CA


Figure A-59


Hollow-Stem Auger


Tri-County Drilling


Hammer Efficiency
Rating (ERi)


Mixture of bentonite chips and soil
cuttings capped with asphalt


Checked ByC. Carbino


Drilling
Method


Drill Bit
Size/Type


Borehole
Backfill


Groundwater
Level(s)


Drilling
Contractor


Automatic hammer,
140 lbs / 30-inch dropHammer Data


33.5 feet


896.0 feet


3/5/08


Location 75% (estimated)


P. Yerra


Not encountered


8-inch bullet bit


Surveyed Ground
Surface ElevationDiedrich D-120


Sampling
Method(s)


Logged ByDate(s)
Drilled


Drill Rig
Type
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REMARKS AND
OTHER TESTS


50/5" IGNEOUS ROCK (GRANITE), brown, intensely weathered (CLAYEY SAND
(SC), very dense, dry to moist, about 70% coarse to fine SAND, about
30% low plasticity fines) (continued)
... becomes orange-brown, decreasing fines


Bottom of borehole at 33.5 feet bgs (refusal).
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... becomes hard, moist


Hollow-Stem Auger
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Bottom of borehole at 25.0 feet bgs (refusal).


IGNEOUS ROCK (GRANITE), phaneritic, white, black, and pink, slightly
weathered, very hard


... about 5% fine GRAVEL, about 40% coarse to fine SAND, about 55% fines


ALLUVIUM (Qal):  SANDY lean CLAY (CL), stiff, reddish brown, dry, low
plasticity fines, carbonate stains


50/3"


50/4"


50/5"


82


Attempt Mod Cal drive
at 25 ft; no penetration
for 50 blows, no
recovery.


PA: 52%<#200 sieve


CLAYEY SAND (SC), very dense, reddish brown, dry to moist, coarse to fine
SAND, carbonate stains, appears to be decomposed granite
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Figure A-60


Sampling
Method(s)


Logged ByDate(s)
Drilled


Drill Rig
Type


S. Clay


Location Hammer Efficiency
Rating (ERi)


Soil cuttings with 5-ft bentonite plug


Groundwater
Level(s)


25.0 feet


Refer to Site Plan (Station 332+55)


Bulk, SPT, Modified California


Tri-County Drilling


75% (estimated)


885.0 feetDiedrich D-120


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


3/6/08


8-inch bullet bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface Elevation
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CLAYEY SAND (SC), dense, reddish brown, moist, few fine GRAVEL, coarse
to fine SAND
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... becomes medium dense, sand grades finer; <5% fine GRAVEL, about
55% medium to fine SAND, about 45% low plasticity fines
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S04


S03


S02


S01


LL=28, PI=15


SILTY SAND (SM), dense, reddish brown, moist, coarse to fine SAND


ALLUVIUM (Qal):  Poorly graded GRAVEL (GP), dense, light gray, moist,
subangular granitic GRAVEL


Poorly graded SAND with SILT (SP-SM), dense, light brown, moist, about
5-10% GRAVEL, about 80-85% coarse to fine SAND, about 10% fines


FILL (Af):  SILTY SAND (SM), reddish brown, moist, few GRAVEL, fine SAND


Pavement:  asphalt on base course


20


32


38


129


23


PA: 43%<#200 sieve


Quartz gravel caught
in shoe; low recovery.


WA: 9%<#200 sieve
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Project Location:   Retaining Wall 337, Riverside, CA


Date(s)
Drilled


Refer to Site Plan (Station 335+60)Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Logged By


Drill Rig
Type
Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


1/16/08


Bulk, SPT, Modified California


CalTrans


87%


867.4 feet


71.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


A. Burciaga


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCME 85


Sampling
Method(s)







... becomes dense


WA: 44%<#200 sieve
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CLAYEY SAND (SC), medium dense, reddish brown, moist, <5% fine
GRAVEL, about 55% medium to fine SAND, about 45% fines (continued)


... becomes very dense


SILTY CLAY with SAND (CL/ML), very stiff, reddish brown, moist


... decreasing sand content


SILTY SAND (SM), very dense, light yellowish brown, moist, coarse to fine
SAND


Poorly graded SAND with GRAVEL (SP), very dense, light gray, moist, coarse
to fine SAND
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Project Location:   Retaining Wall 337, Riverside, CA


REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION


D
ry


 U
ni


t
W


ei
gh


t, 
pc


f


N
um


be
r


D
ril


lin
g 


M
et


ho
dSAMPLES


E
le


va
tio


n,
fe


et


M
oi


st
ur


e
C


on
te


nt
, %


S
am


pl
in


g
R


es
is


ta
nc


e,
bl


ow
s/


fo
ot


D
ep


th
,


fe
et







S
am


pl
in


g
R


es
is


ta
nc


e,
bl


ow
s/


fo
ot


M
oi


st
ur


e
C


on
te


nt
, %


S13


S14


Sample driving on
gravel stuck in shoe.


Rig chatter.


30/2"


50/4"


Poorly graded SAND with GRAVEL (SP), very dense, light gray, moist, coarse
to fine SAND (continued)


Bottom of borehole at 71.5 feet bgs.
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CLAYEY SAND (SC), dense, brown, moist, about 65% medium to fine SAND,
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of Borehole
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S01 16


Borehole
Backfill


SANDY lean CLAY (CL), very stiff, reddish brown, moist, about 45% medium
to fine SAND, about 55% fines


ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, reddish brown,
moist, <5% fine GRAVEL, about 60% coarse to fine SAND, about
40% medium plasticity fines


SANDY lean CLAY (CL), stiff, brown, moist, about 30% fine SAND, about
70% fines


FILL (Af):  CLAYEY SAND (SC), medium dense, dark grayish brown, moist,
fine SAND


Pavement:  asphalt on base course


27


19


10


WA: 54%<#200 sieve
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Date(s)
Drilled P. Chau


LocationBentonite chips capped with asphalt


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Hammer Efficiency
Rating (ERi)


11/29/07


51.5 feet


84%


P. Yerra


CalTrans


Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Bulk, SPTSampling
Method(s)


869.1 feet


Refer to Site Plan (Station 335+00)


Hammer Data


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







Poorly graded SAND with CLAY (SP-SC), dense, brown, moist, coarse to fine
SAND


S10


13.9


19.6


21.0


S08


S07


WA: 37%<#200 sieve26
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Project Location:   Retaining Wall 322, Riverside, CA
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CLAYEY SAND (SC), dense, brown, moist, about 65% medium to fine SAND,
about 35% fines (continued)
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REMARKS AND
OTHER TESTS


SANDY lean CLAY (CL), very stiff, brown, moist, coarse to fine SAND


Lean CLAY (CL), stiff, brown, moist


Bottom of borehole at 51.5 feet bgs.
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... becomes very dense, sand grades coarser
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Ty
pe


FILL (Af):  CLAYEY SAND (SC), yellowish brown, dry to moist, fine SAND, low
plasticity fines
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SANDY lean CLAY (CL), very stiff, yellowish brown, moist, fine SAND, low
plasticity fines


ALLUVIUM (Qal):  Poorly graded SAND with CLAY (SP-SC), dense, yellowish
brown, moist, trace coarse to fine angular GRAVEL to 1 inch, coarse to fine
SAND


CLAYEY SAND (SC), dense, reddish brown, moist, <5% fine GRAVEL, about
55% medium to fine SAND, about 45% low plasticity fines


SANDY lean CLAY (CL), very stiff, yellowish brown, moist, fine SAND, low
plasticity fines
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... becomes medium dense, about 60% medium to fine SAND, about
40% fines
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PA: 45%<#200 sieve
DS


LL=25, PI=12


3600 ohm/cm


Chloride=75 ppm
Sulfate=ND


CR:  pH=9.7


WA: 38%<#200 sieve
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Project Location:   Retaining Wall 337, Riverside, CA


Checked By


Bulk, SPT, Modified California


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Drill Rig
Type
Groundwater
Level(s)


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


84%


861.7 feet


51.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


1/17/08Date(s)
Drilled


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)


Logged By
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SANDY lean CLAY (CL), very stiff, yellowish brown, moist, fine SAND, low
plasticity fines (continued)


Poorly graded SAND with CLAY (SP-SC), dense, yellowish brown, moist, trace
GRAVEL, coarse to fine SAND


SILTY SAND (SM), very dense, yellowish brown to brown, moist, about
85% coarse to fine SAND, about 15% nonplastic fines


CLAYEY SAND (SC), medium dense, yellowish brown, moist, fine SAND, low
plasticity fines


... becomes very dense, with iron oxide staining


Bottom of borehole at 51.5 feet bgs.
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Ty
pe


SANDY lean CLAY (CL), stiff, brown, moist, fine SAND, low plasticity fines


ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, reddish brown,
moist, about 75% medium to fine SAND, about 25% low plasticity fines


SANDY lean CLAY (CL), very stiff, brown, moist
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... becomes brown, sand grades coarse to fine sand
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3100 ohm/cm


Pavement:  asphalt on base course
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WA: 27%<#200 sieve


PA: 31%<#200 sieve


Min. Resistivity=
Chloride=180 ppm
Sulfate=ND


CR:  pH=9.4


CLAYEY SAND (SC), dense, reddish brown, moist, about 5% fine GRAVEL,
about 65% medium to fine SAND, about 30% low plasticity fines
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Project Number:     30989802
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825


Project Location:   Retaining Wall 338, Riverside, CA


Groundwater
Level(s)


Refer to Site Plan (Station 340+90)Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Date(s)
Drilled


Drill Rig
Type


Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


1/31/08


Bulk, SPT, Modified California


CalTrans


87%


851.7 feet


32.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


A. BurciagaLogged By


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCME 85


Sampling
Method(s)
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Bottom of borehole at 32.5 feet bgs.


15.7 116


SANDY lean CLAY (CL), stiff, brown, moist, fine SAND, low plasticity fines
(continued)
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Log of Boring R-07-163







Ty
pe


CLAYEY SAND (SC), dense, yellowish brown to brown, dry to moist,
<5% coarse to fine GRAVEL to 1 inch, about 55% medium to fine SAND,
about 45% low plasticity fines
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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... becomes hard, with lenses of coarse to fine sand


ALLUVIUM (Qal):  SANDY lean CLAY (CL), very stiff, yellowish brown, dry to
moist, fine SAND, low to medium plasticity fines
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Poorly graded SAND with CLAY (SP-SC), very dense, yellowish brown, dry to
moist, coarse to fine SAND


1248.8
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3.9
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S01B


6.9


PA: 47%<#200 sieve


... trace coarse to fine gravel to 1 inch


... becomes yellowish brown to brown


FILL (Af):  SANDY lean CLAY (CL), medium stiff, brown to gray, dry to moist,
fine SAND, low plasticity fines


Pavement:  asphalt on base course
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LL=42, PI=19


3000 ohm/cm
Min. Resistivity=
Chloride=75 ppm
Sulfate=ND


CR:  pH=7.8
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Project Number:     30989802
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840


835


830


825


820


Project Location:   Retaining Wall 343, Riverside, CA


Refer to Site Plan (Station 343+75)


Drill Rig
Type


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Logged ByDate(s)
Drilled


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type 4.5-inch finger bit 41.5 feet


P. Yerra


84%


Automatic hammer,
140 lbs / 30-inch drop


CalTrans


Hammer DataBulk, SPT, Modified California


846.5 feet


1/17/08


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)
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OTHER TESTS


MATERIAL  DESCRIPTION


Bottom of borehole at 41.5 feet bgs.
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SANDY lean CLAY (CL), hard, yellowish brown, dry to moist, fine SAND, low
to medium plasticity fines, lenses of coarse to fine SAND (continued)


... becomes very stiff


Poorly graded SAND with SILT (SP-SM), very dense, grayish brown, dry to
moist, coarse to fine SAND, iron oxide stains


Figure A-65


Project Location:   Retaining Wall 343, Riverside, CA
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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pe


... becomes very dense


... becomes dense


CLAYEY SAND (SC), very dense, brown, moist, about 60% coarse to fine
SAND, about 40% low plasticity fines


... becomes very stiff


ALLUVIUM (Qal):  SANDY lean CLAY (CL), hard, brown, moist, about
40% medium to fine SAND, about 60% low to medium plasticity fines
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FILL (Af):  CLAYEY SAND (SC), medium dense, brown, moist, <5% fine
angular GRAVEL to 3/4 inch, about 55% medium to fine SAND, about
45% low plasticity fines 13.7


S05


S04


S03


S02


S01 15.1 WA: 44%<#200 sieve
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15


LL=27, PI=12
WA: 39%<#200 sieve


LL=32, PI=13


DS


3300 ohm/cm
Min. Resistivity=
Chloride=315 ppm
Sulfate=240 ppm


CR:  pH=6.6


Concrete approx. 13 inches thick


PA: 60%<#200 sieve
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Project Number:     30989802
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Project Location:   Retaining Wall 344, Riverside, CA


Groundwater
Level(s)


Drill Rig
Type


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with concrete Refer to Site Plan (Station 344+65)


Date(s)
Drilled Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


1/23/08


Bulk, SPT, Modified California


CalTrans


84%


841.2 feet


48.0 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


Logged By


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)







REMARKS AND
OTHER TESTS


SILTY SAND with GRAVEL (SM), very dense, light brown, moist, coarse to
fine GRAVEL to 1-1/2 inches, coarse to fine SAND


Bottom of borehole at 48.0 feet bgs (refusal).
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Ty
pe


SILTY SAND (SM), very dense, light brown, moist, medium to fine SAND


CLAYEY SAND (SC), very dense, brown, moist, about 60% coarse to fine
SAND, about 40% low plasticity fines (continued)
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... trace fine subangular gravel to 1/2 inch, coarse to fine sand


SAMPLES


Very hard drilling
below 47 ft.  Sampler
at 48 ft bouncing, no
penetration.
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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3.2


5.9


Ty
pe


S05


S04


S03


S02


S01


4.6


10


SILTY SAND (SM), very dense, brown, dry, about 80% medium to fine SAND,
about 20% fines, stratified in layers of mostly sand with few fines and layers of
sandy fines


Poorly graded SAND with SILT (SP-SM), medium dense, brown, dry, mostly
medium to fine SAND


... sand grades fine, root holes


ALLUVIUM (Qal):  SANDY lean CLAY (CL), stiff, brown, moist, about
40% medium to fine SAND, about 60% fines


Pavement:  asphalt on base course


30


16


11


WA: 21%<#200 sieve


Clay in cuttings.


Add water.


PA: 59%<#200 sieve


90/11"
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Figure A-67


Project Location:   Retaining Wall 343, Riverside, CA


Location


Logged ByDate(s)
Drilled


Drill Rig
Type


Hammer Efficiency
Rating (ERi)


Mixture of bentonite chips and soil
cuttings capped with asphalt


Groundwater
Level(s)


Checked By


Hollow-Stem Auger


C. Carbino P. Yerra


Refer to Site Plan (Station 348+45)


Bulk, SPT, Modified California


Tri-County Drilling


75% (estimated)


814.0 feet


Sampling
Method(s)


50.1 feet


Automatic hammer,
140 lbs / 30-inch dropHammer Data


2/28/08


8-inch bullet bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationDiedrich D-120







CLAYEY SAND (SC), very dense, orange-brown, dry to moist, coarse to fine
SAND, possibly weathered granite


IGNEOUS (GRANITE), coarse- to fine-grained, orange-brown, weathered, dry
to moist


Bottom of borehole at 50.1 feet bgs (refusal).
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REMARKS AND
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MATERIAL  DESCRIPTION
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4.8
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4.2


SILTY SAND (SM), very dense, brown, dry, about 80% medium to fine SAND,
about 20% fines, stratified in layers of mostly sand with few fines and layers of
sandy fines (continued)


No recovery.  Clayey
sand to sandy clay in
cuttings.


50/5"


50/5"


50/3"
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Figure A-67


Project Location:   Retaining Wall 343, Riverside, CA
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Drill Bit
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16.1
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Ty
pe


9.1


S05


S04


S03


S02


S01


16.28


... becomes medium dense, less clayey; about 65% medium to fine SAND,
about 35% fines


... sand grades finer, more clayey; about 55% medium to fine SAND, about
45% fines


... becomes loose, moist, sand grades coarse to fine, with very sandy lenses


... becomes medium dense, brown, about 65% medium to fine SAND, about
35% low plasticity fines


... becomes very dense, light brown, trace fine angular gravel to 3/4 inch


ALLUVIUM (Qal):  CLAYEY SAND (SC), brown, dry to moist, coarse to fine
SAND


Pavement:  asphalt on base course


10


18


42


LL=26, PI=9
PA: 45%<#200 sieve
DS


WA: 35%<#200 sieve


Drilling
Method
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Figure A-68


Project Location:   Retaining Wall 348, Riverside, CA


Location


Sampling
Method(s)


Logged ByDate(s)
Drilled


Drill Rig
Type


Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Groundwater
Level(s)


Checked By


Rotary Wash


C. Carbino


Automatic hammer,
140 lbs / 30-inch drop


Refer to Site Plan (Station 348+75)


Bulk, SPT, Modified California


CalTrans


74%


837.5 feet


P. Yerra


Hammer Data


2/1/08


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationAcker Rig


31.5 feet
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S06
CLAYEY SAND (SC), medium dense, brown, moist, about 65% medium to
fine SAND, about 35% low plasticity fines (continued) 10.4 WA: 34%<#200 sieve13


Bottom of borehole at 31.5 feet bgs.


G
ra


ph
ic


 L
og


Ty
pe


LL=27, PI=11


Project Location:   Retaining Wall 348, Riverside, CA
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Ty
pe
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SANDY lean CLAY (CL), hard, reddish brown, moist, fine SAND, medium
plasticity fines


SILTY SAND (SM), dense, reddish brown, moist, medium to fine SAND


Poorly graded SAND (SP), dense, brown, moist, medium to fine SAND, trace
fines
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SANDY SILT (ML), hard, brown, moist, fine SAND, nonplastic to low plasticity
fines


D
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et


CLAYEY SAND (SC), dense, reddish brown, moist, about 85% coarse to fine
SAND, about 15% low plasticity fines


123


106


11.6


12.4


17.2


S05


S04


S03


S02


S01


WA: 14%<#200 sieve


Total Depth
of Borehole


... sand grades finer with depth


CLAYEY SAND (SC), medium dense, brown, moist, about 70% coarse to fine
SAND, about 30% fines


ALLUVIUM (Qal):  SANDY lean CLAY (CL), tan, dry, fine SAND, medium
plasticity fines


Pavement:  asphalt on base course


31


39


18


16


SANDY lean CLAY (CL), very stiff, reddish brown, moist, about 40% medium
to fine SAND, about 60% low plasticity fines


LL=29, PI=13
PA: 62%<#200 sieve


Recover only 1 tube;
very hard material
crushed others.


WA: 28%<#200 sieve
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Project Number:     30989802
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Project Location:   Retaining Wall 348, Riverside, CA


Checked ByD. Wader


Bulk, SPT, Modified California


LocationBentonite chips capped with asphalt


Drill Rig
Type
Groundwater
Level(s)


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill 84%


Automatic hammer,
140 lbs / 30-inch drop


P. Yerra12/19/07


Hammer Efficiency
Rating (ERi)


70.3 feet


Date(s)
Drilled


Not encountered Hammer Data


Drilling
Contractor


4.5-inch finger bit


Surveyed Ground
Surface ElevationCalTransCS2000


Sampling
Method(s)


Logged By


872.0 feet







70


44


80/11"


42


30


SANDY lean CLAY (CL), hard, reddish brown, moist, fine SAND, medium
plasticity fines (continued)


CLAYEY SAND (SC), dense, brown, moist, about 85% medium to fine SAND,
about 15% fines


SILTY SAND (SM), very dense, brown, moist, trace fine GRAVEL, medium to
fine SAND


Lean CLAY with SAND (CL), hard, reddish brown, moist, fine SAND, low
plasticity fines


... increasing fine sand


SILTY SAND (SM), dense, olive brown, moist, about 80-85% fine SAND,
about 15-20% fines


Discontinue use of
Mod Cal sampler.
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S06


MATERIAL  DESCRIPTION


Poorly graded SAND (SP), very dense, grayish brown, moist, trace fine
GRAVEL, coarse to fine SAND, trace fines
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Figure A-69


Project Location:   Retaining Wall 348, Riverside, CA
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S13


... gravel grades coarser


S14


50/6"


MATERIAL  DESCRIPTION


Poorly graded SAND (SP), very dense, grayish brown, moist, trace fine
GRAVEL, coarse to fine SAND, trace fines (continued)


REMARKS AND
OTHER TESTS


Bottom of borehole at 70.3 feet bgs.
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Project Location:   Retaining Wall 348, Riverside, CA


Figure A-69
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


N
um


be
r


Ty
pe


SANDY lean CLAY (CL), very stiff, light brown, moist, about 45% medium to
fine SAND, about 55% low to medium plasticity fines


SILTY SAND (SM), very dense, light yellowish brown, moist, <5% fine
GRAVEL, about 85% coarse to fine SAND, about 15% fines


... becomes very dense, contains caliche veins


CLAYEY SAND (SC), dense, reddish brown, moist, <5% fine GRAVEL, about
55% medium to fine SAND, about 45% low plasticity fines
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122


15.9


7.9


16.7


9.1


17.5
... becomes stiff, moist


S05


S04


S03


S02


S01


6.0


LL=27, PI=6


23


52


36


40


14


LL=35, PI=16
WA: 56%<#200 sieve


PA: 45%<#200 sieve


WA: 53%<#200 sieve


7600 ohm/cm
Min. Resistivity=
Chloride=120 ppm
Sulfate=24 ppm


CR:  pH=8.9


ALLUVIUM (Qal):  SANDY SILTY CLAY (CL-ML), soft, reddish brown, dry,
about 45% medium to fine SAND, about 55% low plasticity fines


WA: 15%<#200 sieve
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Project Location:   Retaining Wall 348, Riverside, CA


Groundwater
Level(s)


Drill Rig
Type


A. Burciaga


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt Refer to Site Plan (Station 353+50)


Date(s)
Drilled Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit 51.3 feet


P. Yerra


87%


Automatic hammer,
140 lbs / 30-inch drop


CalTrans


Hammer DataBulk, SPT, Modified California


838.6 feet


1/22/08


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCME 85


Sampling
Method(s)


Logged By
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SANDY lean CLAY (CL), very stiff, light brown, moist, about 45% medium to
fine SAND, about 55% low to medium plasticity fines (continued)


... becomes hard


SILTY SAND (SM), very dense, light brown, moist, fine SAND, nonplastic fines


SANDY lean CLAY (CL), very stiff, light brown, moist, fine SAND


IGNEOUS ROCK (DIORITE), medium-grained, dark gray, fresh


Bottom of borehole at 51.3 feet bgs.


44


G
ra


ph
ic


 L
og


36


REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION


S06


N
um


be
r


122


S07


S08


S09


S10


10.6
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9.3


26


133


Rig chatter.


Last 10 blows of S10
bounced; sample in
shoe retained in bag.
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Figure A-70


Project Location:   Retaining Wall 348, Riverside, CA
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REMARKS AND
OTHER TESTS
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... becomes reddish brown


SANDY lean CLAY (CL), hard, brown, moist, about 45% medium to fine
SAND, about 55% low plasticity fines


CLAYEY SAND (SC), medium dense, brown, moist, about 75% medium to
fine SAND, about 25% medium plasticity fines


SILTY, CLAYEY SAND (SC-SM), medium dense, brown, moist, about
75% medium to fine SAND, about 25% low plasticity fines, contains lenses of
coarse to fine SAND


Well-graded SAND with SILT (SW-SM), medium dense, brown, dry to moist,
<5% fine GRAVEL, about 90% coarse to fine SAND, about 10% fines


ALLUVIUM (Qal):  CLAYEY SAND (SC), brown to grayish brown, dry, coarse
to fine SAND, low plasticity fines


Pavement:  asphalt on base course
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117
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13.2


3.3
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S01


7.7


3800 ohm/cm


31


9


LL=30, PI=9
WA: 52%<#200 sieve


LL=36, PI=20


LL=25, PI=5
WA: 27%<#200 sieve


PA: 11%<#200 sieve


30


Min. Resistivity=
Chloride=330 ppm
Sulfate=624 ppm


CR:  pH=7.4


DS


Bulk, SPT, Modified California
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Project Number:     30989802
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Log of Boring R-07-170


Refer to Site Plan (Station 352+75)


Project Location:   Retaining Wall 351, Riverside, CA


Figure A-71


Rotary Wash


CalTrans


Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Checked ByC. Carbino


Drilling
Method


Drill Bit
Size/Type


Borehole
Backfill


Groundwater
Level(s) Not encountered


74%


863.0 feet


71.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


2/14/08


Location


4.5-inch finger bit


Drill Rig
Type


Drilling
Contractor


Surveyed Ground
Surface ElevationAcker Rig


Sampling
Method(s)


Logged ByDate(s)
Drilled







SANDY lean CLAY (CL), hard, brown, moist, fine SAND, low to medium
plasticity fines


MATERIAL  DESCRIPTION


DS
WA: 53%<#200 sieve
LL=32, PI=14


Sample possibly
contains decomposed
granitic clast.
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58


CLAYEY SAND (SC), very dense, reddish brown, moist, medium to fine
SAND, low plasticity fines


CLAYEY SAND (SC), very dense, brown, moist, coarse to fine SAND, low
plasticity fines


SANDY lean CLAY (CL), hard, brown, moist, medium to fine SAND, low
plasticity fines
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S06
SANDY lean CLAY (CL), hard, reddish brown, moist, about 45% medium to
fine SAND, about 55% low plasticity fines (continued)
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Sheet 2 of 3


830


825


820


815


810


805


800


Project Number:     30989802


R
ep


or
t: 


G
E


O
_1


0_
S


N
A


_C
T;


  F
ile


: S
N


A
_S


R
91


W
A


LL
.G


P
J;


  9
/1


4/
08


  R
-0


7-
17


0


D
ep


th
,


fe
et


D
ry


 U
ni


t
W


ei
gh


t, 
pc


f


N
um


be
r


D
ril


lin
g 


M
et


ho
dSAMPLES


E
le


va
tio


n,
fe


et


30


35


40


45


50


55


60


65


S
am


pl
in


g
R


es
is


ta
nc


e,
bl


ow
s/


fo
ot


M
oi


st
ur


e
C


on
te


nt
, %







REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION


D
ry


 U
ni


t
W


ei
gh


t, 
pc


f


N
um


be
r


M
oi


st
ur


e
C


on
te


nt
, %


D
ril


lin
g 


M
et


ho
d


Ty
pe


SAMPLES


E
le


va
tio


n,
fe


et


D
ep


th
,


fe
et


S13


S14


22.3


14.0 118


49


67


SANDY lean CLAY (CL), hard, brown, moist, medium to fine SAND, low
plasticity fines (continued)


Poorly graded SAND with SILT (SP-SM), very dense, grayish brown, moist,
medium to fine SAND, nonplastic fines


Bottom of borehole at 71.5 feet bgs.
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SANDY SILT (ML), hard, reddish brown, dry, fine SAND, low plasticity fines


Poorly graded SAND with SILT (SP-SM), dense, yellowish brown, dry to moist,
about 90% medium to fine SAND, about 10% fines


... becomes yellowish brown to light grayish brown, dry to moist, <5% fine
GRAVEL, about 80% coarse to fine SAND, about 20% fines


... becomes very dense, yellowish brown, dry, about 60% coarse to fine SAND,
about 40% fines


CLAYEY SAND (SC), medium dense, dark brown and gray, moist, few fine
angular GRAVEL, coarse to fine SAND


Ty
pe


D01


Total Depth
of Borehole


M
oi


st
ur


e
C


on
te


nt
, %


D
ep


th
,


fe
et


36


E
le


va
tio


n,
fe


et


SAMPLES


D
ril


lin
g 


M
et


ho
d


S
am


pl
in


g
R


es
is


ta
nc


e,
bl


ow
s/


fo
ot


117


2.2


6.1


4.5


ALLUVIUM (Qal):  Lean CLAY with SAND (CL), medium stiff, brown to reddish
brown, moist, about 15% medium to fine SAND, about 85% low to medium
plasticity fines
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15.4


Very little sample
recovery; only liner #3.
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50/4"
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WA: 8%<#200 sieve


Add water.


PA: 21%<#200 sieve


WA: 41%<#200 sieve


LL=31, PI=15
PA: 83%<#200 sieve


3800 ohm/cm
Min. Resistivity=
Chloride=315 ppm
Sulfate=552 ppm


CR:  pH=6.7


Pavement:  asphalt on base course
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Project Location:   Retaining Wall 356, Riverside, CA


Checked By


Location Hammer Efficiency
Rating (ERi)


Mixture of bentonite chips and soil
cuttings capped with asphalt


Bulk, SPT, Modified CaliforniaGroundwater
Level(s)


Drill Rig
Type


Hollow-Stem AugerDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


Not encountered


P. Yerra


Automatic hammer,
140 lbs / 30-inch drop


874.7 feet


Hammer Data


75% (estimated)


C. Carbino


Tri-County Drilling


71.0 feet8-inch bullet bit


2/27/08


Drilling
Contractor


Surveyed Ground
Surface ElevationDiedrich D-120


Sampling
Method(s)


Logged ByDate(s)
Drilled







SANDY lean CLAY (CL), hard, brown, moist, fine SAND, low plasticity fines


Soil appears to be
decomposed granite.


50/3"
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50/5"
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88/11"


SANDY SILT (ML), hard, reddish brown, dry, fine SAND, low plasticity fines
(continued)


Poorly graded SAND with SILT (SP-SM), very dense, orange-brown, dry to
moist, coarse to fine SAND


SILTY, CLAYEY SAND (SC-SM), very dense, brown, dry to moist, fine SAND,
low plasticity fines


SILTY SAND (SM), very dense, yellowish brown, moist, fine SAND, nonplastic
fines


MATERIAL  DESCRIPTION


CLAYEY SAND (SC), very dense, brown, moist, fine SAND
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Soil appears to be
decomposed granite.
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Disturbed sample.
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SANDY lean CLAY (CL), hard, brown, moist, fine SAND, low plasticity fines
(continued)


... becomes orange-brown to light gray, dry to moist


Bottom of borehole at 71.0 feet bgs.
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CLAYEY SAND (SC), very dense, dark brown, moist, medium to fine SAND,
moderate to strong cementation


SILTY SAND (SM), medium dense, brown, moist, about 65% medium to fine
SAND, about 35% fines, no cementation


Poorly graded SAND with SILT (SP-SM), medium dense, brown, moist, about
95% coarse to fine SAND, about 5% fines, no cementation


... becomes dense, brown


... becomes very dense, about 55% medium to fine SAND, about 45% fines,
weak cementation


CLAYEY SAND (SC), medium dense, dark brown, moist, <5% fine GRAVEL,
about 85% coarse to fine SAND, about 15% fines, no cementation
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Pavement:  asphalt on base course


SANDY lean CLAY (CL), hard, dark brown, moist, coarse to fine SAND, strong
cementation


114


13.2


17.6


8.6


3.5


S05-2


S05-1


S04


S03


S02


S01


Push S02 12 inches,
then 20 blows for last
6 inches.


13


29


78


20


50/5.5"


WA: 37%<#200 sieve


WA: 6%<#200 sieve


WA: 44%<#200 sieve


ALLUVIUM (Qal):  CLAYEY SAND (SC), dense, dark brown, moist, mostly
medium to fine SAND, moderate cementation


PA: 14%<#200 sieve


910 ohm/cm
Min. Resistivity=
Chloride=105 ppm
Sulfate=48 ppm


CR:  pH=7.7


Switch to SPT due to
cementation.


Bulk, SPT, Modified California


0


5


10


15


20


25


30


Project:   State Route 91 Retaining Walls and Soundwalls


Sheet 1 of 3


Refer to Site Plan (Station 356+30)


R
ep


or
t: 


G
E


O
_1


0_
S


N
A


_C
T;


  F
ile


: S
N


A
_S


R
91


W
A


LL
.G


P
J;


  9
/1


4/
08


  R
-0


7-
17


2


Project Number:     30989802


860


855


850


845


840


835


Log of Boring R-07-172
Project Location:   Retaining Wall 355, Riverside, CA


Figure A-73


Rotary Wash


P. Chau


CalTrans


LocationBentonite chips capped with asphalt


Checked By


Drilling
Method


Drill Bit
Size/Type


Borehole
Backfill


Groundwater
Level(s) Not encountered


84%


864.0 feet


71.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


12/19/07


Hammer Efficiency
Rating (ERi)


4.5-inch finger bit


Drill Rig
Type


Date(s)
Drilled Logged By


Sampling
Method(s)


CS2000 Surveyed Ground
Surface Elevation


Drilling
Contractor







17


SANDY lean CLAY (CL), very stiff, brown, moist, trace rootlets


SILTY SAND (SM), dense, brown to orange brown, moist, coarse to to fine
SAND


SANDY lean CLAY (CL), very stiff, brown, moist


SILTY SAND (SM), dense, brown, moist, medium to fine SAND


Poorly graded SAND (SP), medium dense, brown, moist, medium SAND


21


SILT (ML), very stiff, brown, moist


18


18


27


24


83
CLAYEY SAND (SC), very dense, dark brown, moist, medium to fine SAND,
moderate to strong cementation (continued)


Ty
pe


S06


... without rootlets


SANDY lean CLAY (CL), very stiff, brown, moist


Poorly graded SAND (SP), medium dense, pale gray, moist, coarse to medium
SAND


Switch back to Cal
Mod due to density at
25 ft.
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Project Location:   Retaining Wall 355, Riverside, CA


Figure A-73
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... becomes stiff, sand grades coarse to fine


S14


27


MATERIAL  DESCRIPTION


SILT with SAND (ML), very stiff, brown, moist, coarse to medium SAND


REMARKS AND
OTHER TESTS


Bottom of borehole at 71.5 feet bgs.
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Project Location:   Retaining Wall 355, Riverside, CA


Figure A-73
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CLAYEY SAND (SC), dense, light olive brown, moist, about 55% medium to
fine SAND, about 45% fines


111
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10.4


S05


S04


S03


S02


S01


PA: 43%<#200 sieve


... gravelly layer


Poorly graded SAND with SILT and GRAVEL (SP-SM), very dense, light
brown, moist, subangular GRAVEL, coarse to fine SAND


SANDY lean CLAY (CL), very stiff, brown, moist, about 45% medium to fine
SAND, about 55% low plasticity fines


ALLUVIUM (Qal):  SILTY SAND (SM), very dense, reddish brown, dry, few
GRAVEL, fine SAND


Pavement:  asphalt on base course
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WA: 10%<#200 sieve


LL=26, PI=9
WA: 55%<#200 sieve
DS


Borehole
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Figure A-74


Date(s)
Drilled A. Burciaga


LocationBentonite chips capped with asphalt


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Hammer Efficiency
Rating (ERi)


1/17/08


32.5 feet


87%


P. Yerra


CalTrans


Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Bulk, SPT, Modified CaliforniaSampling
Method(s)


840.5 feet


Refer to Site Plan (Station 359+00)


Hammer Data


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCME 85
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Bottom of borehole at 32.5 feet bgs.
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REMARKS AND
OTHER TESTS


Poorly graded SAND (SP), very dense, light reddish brown, moist, few
GRAVEL, coarse to fine SAND
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Project Location:   Retaining Wall and Soundwall 357, Riverside, CA
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0.8


Sulfate=408 ppm
CR:  pH=7.3
LL=28, PI=11
PA: 64%<#200 sieve


WA: 54%<#200 sieve


Min. Resistivity=
1000 ohm/cm


116


144


119


9.7


4.4


20.8


Surveyed Ground
Surface Elevation


SILTY SAND (SM), medium dense, brown, dry, about 80% coarse to fine
SAND, about 20% fines


CLAYEY SAND (SC), dense, reddish brown, moist, <5% fine GRAVEL, about
75-80% coarse to fine SAND, about 20-25% fines


SILTY SAND (SM), very dense, brown, moist, fine SAND, low plasticity fines


SANDY lean CLAY (CL), hard, brown, dry to moist, about 40% medium to fine
SAND, about 60% low to medium plasticity fines, root traces


Chloride=270 ppm


SANDY lean CLAY (CL), hard, reddish brown, dry to moist, about
35% medium to fine SAND, about 65% low plasticity fines


SANDY lean CLAY (CL), stiff, light brown, dry, about 45% medium to fine
SAND, about 55% medium plasticity fines


ALLUVIUM (Qal):  CLAYEY SAND (SC), light brown, dry, fine SAND


81


62


34


57


20


DS


WA: 60%<#200 sieve


CLAYEY SAND (SC), dense, reddish brown, dry, about 85% coarse to fine
SAND, about 15% fines


CalTrans


Bulk, SPT, Modified California


84%


867.4 feet


71.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


12/20/07


4.5-inch finger bit


Refer to Site Plan (Station 361+00)
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S01


D01







SANDY lean CLAY (CL), very stiff, reddish brown, moist, medium to fine
SAND, medium plasticity fines


27


41


46


24
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CLAYEY SAND (SC), dense, reddish brown, moist, <5% fine GRAVEL, about
75-80% coarse to fine SAND, about 20-25% fines (continued)


SANDY lean CLAY (CL), hard, reddish brown, moist, medium to fine SAND,
low to medium plasticity fines


... becomes brown, dry to moist, fine sand, low plasticity fines


Lean CLAY (CL), very stiff, brown, moist, about 10% fine SAND, about
90% fines


... decreasing sand content, lower plasticity fines


CLAYEY SAND (SC/CL), medium dense, dark olive brown, moist, medium to
fine SAND, medium plasticity fines


SANDY lean CLAY (CL), very stiff, brown, moist, fine SAND, low plasticity
fines


Ty
pe


REMARKS AND
OTHER TESTS


SILTY SAND (SM), dense, dark reddish brown, moist, 85% coarse to fine
SAND, about 15% fines, lenses of fine SAND
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Figure A-75


Project Location:   Retaining Wall and Soundwall 357, Riverside, CA
Sheet 2 of 3
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REMARKS AND
OTHER TESTS


41


SANDY lean CLAY (CL), very stiff, brown, moist, fine SAND, low plasticity
fines (continued)


Poorly graded SAND with SILT (SP-SM), very dense, light grayish brown,
moist, <5% fine GRAVEL, about 90-95% coarse to fine SAND, about
5-10% fines


Bottom of borehole at 71.5 feet bgs.
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Drill Bit
Size/Type


REMARKS AND
OTHER TESTS


D01
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SAMPLES


Poorly graded SAND with SILT (SP-SM), very dense, brown, moist, trace fine
GRAVEL, coarse to fine SAND


127


6.8


14.9


8.8


17.0


4.6


S05


S04


S03


S02


S01 16


SILTY SAND (SM), very dense, brown, moist, about 85% coarse to fine
SAND, about 15% fines


CLAYEY SAND (SC), very dense, brown, moist, few fine GRAVEL, coarse to
fine SAND


Poorly graded SAND with SILT (SP-SM), dense, brownish red to reddish
brown, moist, about 90% coarse to fine SAND, about 10% fines


... becomes very dense, dark brown, about 10% fine GRAVEL, about
70% coarse to fine SAND, about 20% low plasticity fines


ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, brown, moist, mostly
medium to fine SAND, low plasticity fines


Pavement:  asphalt on base course


98/9.5"


77/5.5"


50/5.5"


WA: 15%<#200 sieve


WA: 10%<#200 sieve


PA: 20%<#200 sieve


Borehole
Backfill
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Figure A-76


Date(s)
Drilled P. Chau


LocationBentonite chips capped with asphalt


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Hammer Efficiency
Rating (ERi)


12/18/07


61.5 feet


84%


P. Yerra


CalTrans


Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Bulk, SPT, Modified CaliforniaSampling
Method(s)


870.0 feet


Refer to Site Plan (Station 363+90)


Hammer Data


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







CLAYEY SAND (SC), dense, brown, moist, fine SAND
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44


58


32


71


28


Poorly graded SAND with SILT (SP-SM), very dense, brown, moist, trace fine
GRAVEL, coarse to fine SAND (continued)


SILTY SAND (SM), dense, brown, moist, coarse to fine SAND


... becomes very dense


Poorly graded SAND with SILT (SP-SM), dense, brown, moist, mostly coarse
SAND


Lean CLAY (CL), stiff to very stiff, brown, moist, trace fine SAND


S06
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CLAYEY SAND (SC), very dense, brown, moist, fine SAND


Lean CLAY (CL), hard, brown, moist, trace fine SAND


Bottom of borehole at 61.5 feet bgs.
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Figure A-76


Project Location:   Retaining Wall 362, Riverside, CA
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Total Depth
of Borehole


15.3


14.1


11.6


WA: 27%<#200 sieve


S05


S04


S03


S02 37


Borehole
Backfill


SANDY lean CLAY (CL), very stiff, dark reddish brown, moist, <5% fine
angular GRAVEL, about 40% medium to fine SAND, about 60% fines


Poorly graded SAND with SILT (SP-SM), dense, dark brown, moist, coarse to
fine SAND


SANDY lean CLAY (CL), very stiff, dark brown, moist, medium to fine SAND


SILTY SAND (SM), very dense, dark brown, moist, <5% fine subrounded
GRAVEL, about 75% coarse to fine SAND, about 25% fines


ALLUVIUM (Qal):  SANDY lean CLAY (CL), hard, brown, moist, trace fine
subrounded GRAVEL, medium to fine SAND


Topsoil / mulch approx. 2 to 3 inches thick


24


20


88/11"


WA: 62%<#200 sieve


1400 ohm/cm
Min. Resistivity=
Chloride=120 ppm
Sulfate=ND


CR:  pH=7.6
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Figure A-77


Date(s)
Drilled P. Chau


LocationSoil cuttings


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Hammer Efficiency
Rating (ERi)


11/15/07


72.4 feet


84%


P. Yerra


CalTrans


Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


SPTSampling
Method(s)


863.5 feet


Refer to Site Plan (Station 365+55)


Hammer Data


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







36/6"


41


27


35


CLAYEY SAND (SC), very dense, dark reddish brown, moist, trace fine
angular to rounded GRAVEL, coarse to fine SAND


SILTY SAND (SM), dense, dark reddish brown, moist, <5% fine GRAVEL,
about 85% coarse to fine SAND, about 15% fines


CLAYEY SAND (SC), dense, dark reddish brown, moist, coarse to fine SAND


Interbedded:  Poorly graded SAND (SP), very dense, dark reddish brown,
moist, coarse to medium SAND; and SANDY SILT (ML), hard, olive brown,
moist, fine SAND


CLAYEY SAND (SC), very dense, dark reddish brown, moist, coarse to
medium SAND


SANDY lean CLAY (CL), very stiff, brown, moist, coarse to fine SAND


SILTY, CLAYEY SAND (SC-SM), dense, brown, moist, mostly coarse to
medium SAND
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REMARKS AND
OTHER TESTS


... becomes very dense
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MATERIAL  DESCRIPTION
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PA: 14%<#200 sieve


Sampler full after
12-inch drive.


Miscounted blows for
last 6 inches.
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Figure A-77


Project Location:   Retaining Wall 365, Riverside, CA
Sheet 2 of 3
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REMARKS AND
OTHER TESTS
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97/11"S14


50/5.5"


SILTY, CLAYEY SAND (SC-SM), very dense, brown, moist, mostly coarse to
medium SAND (continued)


CLAYEY SAND (SC), very dense, brown, moist, trace coarse to fine
subrounded GRAVEL, mostly coarse SAND


Bottom of borehole at 72.4 feet bgs.
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Hammer bouncing.
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Project Location:   Retaining Wall 365, Riverside, CA
Sheet 3 of 3
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... becomes brown, <5% fine GRAVEL, about 60% medium to fine SAND,
about 40% low plasticity fines, no cementation


Ty
pe
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... becomes reddish brown, about 75% medium to fine SAND, about 25% fines


SILTY SAND (SM), very dense, reddish brown, moist, coarse to fine SAND,
strong cementation


CLAYEY SAND (SC), dense, brown, moist, about 60% medium to fine SAND,
about 40% fines


ALLUVIUM (Qal):  SANDY lean CLAY (CL), brown, moist, fine SAND


Pavement:  asphalt on base course


44


90/9"


44


50/5.5"


CLAYEY SAND (SC), very dense, brown, moist, medium to fine SAND, low
plasticity fines


119


REMARKS AND
OTHER TESTS
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Recover only
12 inches from
sampler.
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MATERIAL  DESCRIPTION


SAMPLES


LL=30, PI=7
PA: 37%<#200 sieve


WA: 41%<#200 sieve


1500 ohm/cm
Min. Resistivity=
Chloride=150 ppm
Sulfate=198 ppm


Total Depth
of Borehole


Drill Bit
Size/Type


Borehole
Backfill


WA: 23%<#200 sieve


CR:  pH=6.6
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Refer to Site Plan (Station 369+00)
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Log of Boring R-07-177
Project Location:   Retaining Wall 362, Riverside, CA


Figure A-78


84%


Checked ByP. Chau


Bulk, SPT, Modified California


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Groundwater
Level(s)


Rotary WashDrilling
Method 31.5 feet


Hammer Data


12/18/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


P. Yerra


Automatic hammer,
140 lbs / 30-inch drop


CS2000 Surveyed Ground
Surface Elevation 868.0 feet


Sampling
Method(s)


Logged ByDate(s)
Drilled


Drill Rig
Type
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53
CLAYEY SAND (SC), very dense, brown, moist, medium to fine SAND, low
plasticity fines (continued)


Bottom of borehole at 31.5 feet bgs.
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REMARKS AND
OTHER TESTS


Project Location:   Retaining Wall 362, Riverside, CA


Figure A-78
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MATERIAL  DESCRIPTION


S01


Poorly graded SAND with SILT (SP-SM), very dense, pale brown, moist, about
90% coarse to fine SAND, about 10% fines
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Total Depth
of Borehole


17.2


16.2


17.2


16.0


S05


S04


S03


S02


13.1


28


Borehole
Backfill


SILTY SAND (SM), dense, grayish brown, moist, <5% fine GRAVEL, about
80% medium to fine SAND, about 20% fines


Poorly graded SAND with SILT (SP-SM), dense, pale brown, moist, about
90% coarse to fine SAND, about 10% fines


SILTY SAND (SM), very dense, dark brown, moist, about 70% coarse to fine
SAND, about 30% low plasticity fines


... becomes dense, grayish brown, sand grades coarser


ALLUVIUM (Qal):  CLAYEY SAND (SC), very dense, brown, moist, <5% fine
GRAVEL, about 75% coarse to fine SAND, about 25% fines


Pavement:  asphalt on base course
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39


50


PA: 18%<#200 sieve


WA: 10%<#200 sieve


LL=26, PI=2
WA: 31%<#200 sieve


WA: 26%<#200 sieve
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Figure A-79


Date(s)
Drilled P. Chau


LocationBentonite chips capped with asphalt


Logged By


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Hammer Efficiency
Rating (ERi)


Hammer Data


Refer to Site Plan (Station 370+75)


SPT


CalTrans


84%


858.8 feet


70.8 feet


P. Yerra


Drill Rig
Type


Automatic hammer,
140 lbs / 30-inch drop


Sampling
Method(s)


12/3/07


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







23


39


50/5.5"


50/5.5"


50/5.5"


50/6"


Poorly graded SAND with SILT (SP-SM), very dense, pale brown, moist, about
90% coarse to fine SAND, about 10% fines (continued)


CLAYEY SAND (SC), dense, grayish brown, moist, about 65% fine SAND,
about 35% fines


Poorly graded SAND with SILT (SP-SM), very dense, brown, moist, coarse to
fine SAND


CLAYEY SAND with GRAVEL (SC), very dense, brown to pale brown, moist,
coarse to fine GRAVEL, coarse to fine SAND


Poorly graded SAND with SILT and GRAVEL (SP-SM), very dense, pale
brown, moist, fine GRAVEL, coarse to fine SAND


... becomes pale gray


Sampler bouncing.
Rig chatter.  Driller
reports gravelly soil.
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Ty
pe


REMARKS AND
OTHER TESTS


S06


... becomes brownish gray; gravel grades coarse to fine, subrounded 16.6


S07


S08


S09


S10


S11


S12


16.237


13.9


Sampler bouncing.
Rig chatter.


WA: 36%<#200 sieve


Sampler bouncing.
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Figure A-79


Project Location:   Retaining Wall 370, Riverside, CA
Sheet 2 of 3
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Sampler bouncing.S14


13.8


Intense rig chatter.


50/4"


50/3.5"


Poorly graded SAND with SILT and GRAVEL (SP-SM), very dense, pale gray,
moist, coarse to fine subrounded GRAVEL, coarse to fine SAND (continued)


Bottom of borehole at 70.8 feet bgs.


G
ra


ph
ic


 L
og


Ty
pe


Sampler bouncing.
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Ty
pe
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SANDY lean CLAY (CL), hard, yellowish brown, dry to moist, fine SAND, low
to medium plasticity fines


... becomes very dense, orange-brown, sand grades coarser
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SAMPLES


CLAYEY SAND (SC), dense, brown to yellowish brown, dry to moist, coarse to
fine SAND, low plasticity fines


... becomes dense


128


13.3


8.7


6.2


S05


S04


S03


S02


S01


6.3


LL=28, PI=8


ALLUVIUM (Qal):  SANDY lean CLAY (CL), yellowish brown, dry to moist,
coarse to fine SAND, low plasticity fines


Pavement:  asphalt on base course


81


62


34


62


39


PA: 9%<#200 sieve


Well-graded SAND with CLAY (SW-SC), very dense, yellowish brown, dry to
moist, about 90% coarse to fine SAND, about 10% low plasticity fines


SG=2.67


3800 ohm/cm
Min. Resistivity=
Chloride=105 ppm
Sulfate=63 ppm


CR:  pH=8.0


Possibly very
decomposed granite.
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Project Location:   Retaining Wall 365, Riverside, CA


Refer to Site Plan (Station 369+50)


Drill Rig
Type


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Logged ByDate(s)
Drilled


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type 4.5-inch finger bit 31.5 feet


P. Yerra


74%


Automatic hammer,
140 lbs / 30-inch drop


CalTrans


Hammer DataBulk, SPT, Modified California


858.0 feet


2/7/08


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationAcker Rig


Sampling
Method(s)
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S06
SANDY lean CLAY (CL), hard, yellowish brown, dry to moist, fine SAND, low
to medium plasticity fines (continued) 9.6 129


SG=2.70


MATERIAL  DESCRIPTION


84


REMARKS AND
OTHER TESTS


Bottom of borehole at 31.5 feet bgs.
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LL=37, PI=20


Project Location:   Retaining Wall 365, Riverside, CA
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


N
um


be
r


Ty
pe


Poorly graded SAND with SILT (SP-SM), very dense, light gray, moist, few
GRAVEL, mostly medium to fine SAND, fines downward


SILTY SAND (SM), dense, olive brown, moist, about 70% medium to fine
SAND, about 30% fines


... becomes light brown, about 60% medium to fine SAND, about 40% fines


... becomes dark yellowish brown, about 75% coarse to fine SAND, about
25% fines
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13.0


10.2


11.7


7.7


12.6


CLAYEY SAND (SC), very dense, reddish brown, moist, medium to fine SAND


S05


S04


S03


S02


S01


4.0


WA: 23%<#200 sieve


33


69


60


80


38


WA: 30%<#200 sieve


LL=32, PI=14


DS


Two tubes damaged
when hammered; bag
remaining sample.


5500 ohm/cm
Min. Resistivity=
Chloride=270 ppm
Sulfate=240 ppm


CR:  pH=8.3


ALLUVIUM (Qal):  CLAYEY SAND with GRAVEL (SC), light gray, dry


PA: 38%<#200 sieve
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Project Location:   Retaining Wall 370, Riverside, CA


Groundwater
Level(s)


Drill Rig
Type


A. Burciaga


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt Refer to Site Plan (Station 373+10)


Date(s)
Drilled Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit 32.5 feet


P. Yerra


87%


Automatic hammer,
140 lbs / 30-inch drop


CalTrans


Hammer DataBulk, SPT, Modified California


866.5 feet


1/17/08


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCME 85


Sampling
Method(s)


Logged By
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SAMPLES


9.675


Bottom of borehole at 32.5 feet bgs.


G
ra


ph
ic


 L
og


Ty
pe


REMARKS AND
OTHER TESTS


Poorly graded SAND with SILT (SP-SM), very dense, light gray, moist, few
GRAVEL, mostly medium to fine SAND, fines downward (continued)


Project Location:   Retaining Wall 370, Riverside, CA


Figure A-81
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Ty
pe


CLAYEY SAND (SC), dense, reddish brown, moist, <5% fine GRAVEL, about
55% medium to fine SAND, about 45% fines


N
um


be
r


... becomes dark reddish brown, coarse to fine gravel


CLAYEY SAND with GRAVEL (SC), very dense, reddish brown, moist, fine
GRAVEL, mostly coarse to medium SAND, weak cementation


Poorly graded SAND with SILT (SP-SM), medium dense, reddish brown,
moist, about 90% coarse to fine SAND, about 10% fines, no cementation
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SANDY lean CLAY (CL), hard, light brown, dry, coarse to fine SAND
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10.1


3.0


9.0


9.2


5.0


3.1


SANDY lean CLAY (CL), hard, dark brown, moist, trace fine GRAVEL,
medium to fine SAND


S05


S04


S03


S02


S01


Min. Resistivity=


ALLUVIUM (Qal):  CLAYEY SAND (SC), light brown, dry, coarse to fine SAND
Mulch and topsoil approx. 3 inches thick


43


21


35


32


52


WA: 8%<#200 sieve


2100 ohm/cm


Chloride=90 ppm
Sulfate=54 ppm


CR:  pH=7.9


Start drilling on
11/14/07 with
hollow-stem auger.


PA: 46%<#200 sieve
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Refer to Site Plan (Station 372+10)


Figure A-82
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Project Number:     30989802


860
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845


840


835


Project Location:   Retaining Wall 369, Riverside, CA


Checked By


Bulk, SPT


P. Chau


Location Hammer Efficiency
Rating (ERi)


Soil cuttings


Drill Rig
Type
Groundwater
Level(s)


Hollow-Stem Auger (0-40 feet);
Rotary Wash (below 40 feet)


Drilling
Method


Drill Bit
Size/Type


Borehole
Backfill


6-inch-OD / 4.5-inch-ID auger;
4.5-inch finger bit


CalTrans


84%


862.0 feet


70.9 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


11/14/07 - 11/15/07Date(s)
Drilled


CS2000


Logged By


Sampling
Method(s)


Surveyed Ground
Surface Elevation


Drilling
Contractor


Not encountered
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92/10"


50/6"


CLAYEY SAND with GRAVEL (SC), very dense, dark reddish brown, moist,
coarse to fine GRAVEL, mostly coarse to medium SAND, weak cementation
(continued)


SANDY lean CLAY (CL), hard, dark brown, moist, about 35% fine SAND,
about 65% fines


... becomes very stiff, brown, sand grades medium to fine


CLAYEY SAND (SC), very dense, brown, moist, coarse to fine SAND


Poorly graded SAND (SP), very dense, brown, moist, coarse to medium SAND


Poorly graded SAND with GRAVEL (SP), very dense, brown, moist, coarse to
fine subangular to rounded GRAVEL, coarse SAND


End for 11/14/07.
Resume drilling on
11/15/07 using rotary
wash method.
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MATERIAL  DESCRIPTION


Poorly graded SAND (SP), very dense, brown, moist, trace fine subangular to
subrounded GRAVEL, mostly coarse to medium SAND


15.7


S07


S08


S09


S10


S11


S12


45 10.4


52


22.2


WA: 63%<#200 sieve
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REMARKS AND
OTHER TESTS


Log of Boring A/R-07-181


Figure A-82


Project Location:   Retaining Wall 369, Riverside, CA
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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S13
Poorly graded SAND (SP), very dense, brown, moist, trace fine subangular to
subrounded GRAVEL, mostly coarse to medium SAND (continued)


S14 50/5"
Bottom of borehole at 70.9 feet bgs.
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Project Location:   Retaining Wall 369, Riverside, CA


Figure A-82
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Chloride=75 ppm
Sulfate=ND


CR:  pH=7.9
WA: 22%<#200 sieve


PA: 57%<#200 sieve


Ty
pe


WA: 53%<#200 sieve


23.1


16.1


9.5


SANDY lean CLAY (CL), hard, reddish brown, dry to moist, <5% fine
GRAVEL, about 40% medium to fine SAND, about 60% low to medium
plasticity fines


CLAYEY SAND (SC), dense, brown, moist, about 80-85% coarse to fine
SAND, about 15-20% fines


SANDY lean CLAY (CL), hard, brown, moist, about 45% medium to fine
SAND, about 55% low plasticity fines


Min. Resistivity=


CLAYEY SAND (SC), medium dense, reddish brown, moist, about
80% coarse to fine SAND, about 20% low plasticity fines


2300 ohm/cm


ALLUVIUM (Qal):  SANDY SILT (ML), light yellowish brown, dry


Pavement:  asphalt on base course
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... becomes dense, brown, trace fine gravel
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Total Depth
of Borehole


Project:   State Route 91 Retaining Walls and Soundwalls


Sheet 1 of 3


865


860


855


850


845


840


Project Number:     30989802


R
ep


or
t: 


G
E


O
_1


0_
S


N
A


_C
T;


  F
ile


: S
N


A
_S


R
91


W
A


LL
.G


P
J;


  9
/1


4/
08


  R
-0


7-
18


2


0


5


10


15


20


25


30


Project Location:   Retaining Wall 376, Riverside, CA


Figure A-83


Log of Boring R-07-182


Bulk, SPT


Refer to Site Plan (Station 376+55)


Date(s)
Drilled


Drill Rig
Type


D. Wader


Location Hammer Efficiency
Rating (ERi)


Sampling
Method(s)


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Cement-bentonite grout capped
with asphalt cold patch


12/11/07


CalTrans


84%


865.3 feet


70.9 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch drop


Logged By


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Hammer Data
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50/3"


CLAYEY SAND (SC), dense, brown, moist, about 80-85% coarse to fine
SAND, about 15-20% fines (continued)


... increase in coarse sand


... becomes medium dense


... becomes very dense, dry to moist


Poorly graded SAND (SP), very dense, brown, dry to moist, medium to fine
SAND, trace fines
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OTHER TESTS


MATERIAL  DESCRIPTION
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Material appears to be
decomposed granite.
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Figure A-83


Project Location:   Retaining Wall 376, Riverside, CA
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S13


... becomes light brown, sand grades fine


S14


50/6"


MATERIAL  DESCRIPTION


Poorly graded SAND (SP), very dense, brown, dry to moist, medium to fine
SAND, trace fines (continued)


REMARKS AND
OTHER TESTS


Bottom of borehole at 70.9 feet bgs.
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Project Location:   Retaining Wall 376, Riverside, CA


Figure A-83
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Ty
pe


... becomes reddish brown, dry to moist, about 80% coarse to fine SAND,
about 20% fines


N
um


be
r


CLAYEY SAND (SC), very dense, reddish brown, moist, fine SAND, low
plasticity fines, root traces


SANDY lean CLAY (CL), very stiff, reddish brown, moist, about 45% medium
to fine SAND, about 55% medium plasticity fines


Lean CLAY with SAND (CL), stiff, brown, moist, fine SAND, medium plasticity
fines


SILTY SAND (SM), medium dense, dark brown, moist, about 75% coarse to
fine SAND, about 25% fines
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ALLUVIUM (Qal):  CLAYEY SAND (SC), dense, brown, dry, <5% fine
GRAVEL, about 50% medium to fine SAND, about 50% medium plasticity
fines
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95


105


25.8


10.7


5.9


... increasing fines


S05


S04


S03


S02


S01


Push sampler S02.


Pavement:  asphalt on base course


19


N/A


14


N/A


25


WA: 53%<#200 sieve


Push sampler S04.


DS


PA: 49%<#200 sieve


3100 ohm/cm
Min. Resistivity=
Chloride=90 ppm
Sulfate=ND


CR:  pH=7.6


WA: 23%<#200 sieve
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Project Location:   Retaining Wall 375, Riverside, CA


Checked By


Bulk, SPT, Modified California


D. Wader


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Drill Rig
Type
Groundwater
Level(s)


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


84%


860.5 feet


65.0 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


12/18/07Date(s)
Drilled


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)


Logged By







... coarse gravel at tip of sampler


Quartz gravel or
cobble fragments in
sample.


Sampler bouncing at
65 ft; no penetration.


76


25


44


22


90/8"


73


50/6"


CLAYEY SAND (SC), very dense, reddish brown, moist, fine SAND, low
plasticity fines, root traces (continued)


SILTY SAND (SM), dense, dark olive brown, moist, about 80% medium to fine
SAND, about 20% fines


Poorly graded SAND (SP), dense, grayish brown, moist, coarse to fine SAND,
trace fines


CLAYEY SAND (SC), dense, grayish brown, moist, fine SAND


Ty
pe


S06


SANDY lean CLAY (CL), very stiff, brown, moist, fine SAND, low plasticity
fines


Poorly graded SAND with SILT (SP-SM), very dense, grayish brown, moist,
medium to fine SAND


Bottom of borehole at 65.0 feet bgs.


Poorly graded SAND with SILT and GRAVEL (SP-SM), very dense, grayish
brown, moist, coarse to fine GRAVEL, coarse to fine SAND


Drilling becomes
extremely hard.


15.8


8.7


S12


S11


S10


S09


S08


S07


12.4


Discontinue use of
Mod Cal sampler.


123


122


14.1


16.4
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Figure A-84


Project Location:   Retaining Wall 375, Riverside, CA
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


SANDY lean CLAY (CL), hard, brown, moist, about 45-50% medium to fine
SAND, about 50-55% low plasticity fines


Ty
pe
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Poorly graded SAND with SILT (SP-SM), dense, brown, dry, about
90-95% coarse to fine SAND, about 5-10% nonplastic fines


116


103


8.3


9.3


12.2


CLAYEY SAND (SC), very dense, brown, moist, about 75% coarse to fine
SAND, about 25% low plasticity fines


S05


S04


S03


S02


S01


3.1


Heavy rain.


ALLUVIUM (Qal):  SILTY, CLAYEY SAND (SC-SM), medium dense, brown to
yellowish red, moist, <5% fine GRAVEL, about 60% coarse to fine SAND,
about 40% low plasticity fines


Pavement:  asphalt on base course


50/5"


68


62


45


16


LL=26, PI=8


PA: 50%<#200 sieve


WA: 7%<#200 sieve


LL=25, PI=7
PA: 42%<#200 sieve


Light rain at start of
drilling.


Borehole
Backfill


WA: 25%<#200 sieve
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Project Location:   Retaining Wall 378, Riverside, CA
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Figure A-85


Date(s)
Drilled P. McDonald


Location Hammer Efficiency
Rating (ERi)


Logged By


Groundwater
Level(s)


Checked By


Hollow-Stem AugerDrilling
Method


Soil cuttings capped with cement


2/21/08


861.0 feet


31.5 feet


Tri-County Drilling


P. Yerra


Bulk, SPT, Modified California Automatic hammer,
140 lbs / 30-inch drop


Drill Rig
Type


Refer to Site Plan (Station 377+80) 75% (estimated)


Hammer Data


8-inch bullet bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationDiedrich D-120


Sampling
Method(s)
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SAMPLES


8.042


Bottom of borehole at 31.5 feet bgs.
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REMARKS AND
OTHER TESTS


CLAYEY SAND (SC), very dense, brown, moist, about 75% coarse to fine
SAND, about 25% low plasticity fines (continued)


Project Location:   Retaining Wall 378, Riverside, CA
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REMARKS AND
OTHER TESTS
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MATERIAL  DESCRIPTION


Borehole
Backfill


D01


... becomes dense, with sand lenses
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Total Depth
of Borehole


112


2.4


5.4


8.2


10.2


S05


S04


S03


S02


S01 6.5


50/5"


Drill Bit
Size/Type


... becomes very dense, sand grades fine


SILTY SAND (SM), medium dense, brown, moist, <5% fine GRAVEL, about
70% medium to fine SAND, about 30% nonplastic fines


CLAYEY SAND (SC), very dense, brown, dry, about 65% medium to fine
SAND, about 35% fines


... becomes very stiff, yellowish brown, dry


ALLUVIUM (Qal):  SANDY lean CLAY (CL), dark brown, moist, fine SAND


Pavement:  asphalt on base course


28


13


19


DS


PA: 31%<#200 sieve


WA: 37%<#200 sieve


SANDY lean CLAY (CL), very stiff, brown, moist, fine SAND, low plasticity
fines


67
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Figure A-86


Logged By


Drill Rig
Type


C. Carbino


LocationMixture of bentonite chips and soil
cuttings capped with asphalt


Groundwater
Level(s)


Checked By


Hollow-Stem AugerDrilling
Method


Hammer Efficiency
Rating (ERi)


2/26/08


868.7 feet


51.5 feet


Tri-County Drilling


P. Yerra


Bulk, SPT, Modified California Automatic hammer,
140 lbs / 30-inch drop


Date(s)
Drilled


Refer to Site Plan (Station 380+50) 75% (estimated)


Hammer Data


8-inch bullet bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationDiedrich D-120


Sampling
Method(s)







SANDY lean CLAY (CL), hard, brown, moist, fine SAND, low plasticity fines


... trace medium sand


CLAYEY SAND (SC), very dense, brown, moist, few medium SAND, mostly
fine SAND, very clayey lenses


... becomes dense


Bottom of borehole at 51.5 feet bgs.


SANDY lean CLAY (CL), very stiff, brown, moist, fine SAND (continued)


Ty
pe


34


REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION
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S07
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12.0


5.8


CLAYEY SAND (SC), dense, brown, moist, fine SAND
LL=29, PI=1239
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Figure A-86
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Sulfate=900 ppm
CR:  pH=7.4


Min. Resistivity=
1500 ohm/cm


108


107


11.2


1.6


9.0


9.2


ALLUVIUM (Qal):  SANDY lean CLAY (CL), brown, moist, fine SAND, low
plasticity fines


Drilling
Method


Poorly graded SAND with GRAVEL (SP), dense, brown, dry, fine subrounded
GRAVEL, coarse to fine SAND


Poorly graded SAND with SILT (SP-SM), dense, reddish brown, dry, trace fine
subrounded GRAVEL, mostly medium to fine SAND


CLAYEY SAND (SC), medium dense, reddish brown, moist, <5% fine
subrounded GRAVEL, about 85% coarse to fine SAND, about 15% low
plasticity fines


Poorly graded SAND with SILT (SP-SM), dense, light brownish gray, dry, trace
fine subrounded GRAVEL, medium to fine SAND


Chloride=300 ppm


... becomes hard, yellowish brown to brown, dry


Pavement:  asphalt on base course


30


37


27


23


45


WA: 15%<#200 sieve


LL=30, PI=11


SILTY SAND (SM), medium dense, light brown, dry to moist, trace fine
subrounded GRAVEL, medium to fine SAND, nonplastic fines


Location


Sampling
Method(s)


Logged ByDate(s)
Drilled


Drill Rig
Type


Surveyed Ground
Surface Elevation


Hammer Efficiency
Rating (ERi)


Mixture of bentonite chips and soil
cuttings capped with asphalt


Groundwater
Level(s)


Checked By


Hollow-Stem Auger


C. Carbino


71.0 feet


S05


S04


S03


S02


S01


866.0 feetDiedrich D-120


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


2/25/08


8-inch bullet bit


Not encountered


Drilling
Contractor
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Figure A-87
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75% (estimated)
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Refer to Site Plan (Station 384+00)







SILTY SAND (SM), very dense, orange-brown, dry to moist, medium to fine
SAND, nonplastic fines


Add water.


46


48


71


31


50/5"


59


93/11"


Poorly graded SAND with GRAVEL (SP), dense, brown, dry, fine subrounded
GRAVEL, coarse to fine SAND (continued)


Well-graded SAND with SILT (SW-SM), very dense, brown to light brown, dry,
<5% fine GRAVEL, about 90% coarse to fine SAND, about 10% fines


SILTY SAND (SM), very dense, brown, dry, trace fine subrounded GRAVEL,
fine SAND


... becomes dense, moist, about 60% medium to fine SAND, about 40% low
plasticity fines


Well-graded SAND with SILT (SW-SM), very dense, grayish orange-brown,
dry to moist, about 5% fine GRAVEL, about 85% coarse to fine SAND, about
10% fines


Add water.


... sand grades coarser
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pe


S06


REMARKS AND
OTHER TESTS


... becomes very dense, sand grades fine


5.2


S07


S08


S09


S10


S11


S12


2.1


PA: 8%<#200 sieve


8.2


Add water.


113


PA: 11%<#200 sieve


WA: 40%<#200 sieve
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Project Location:   Retaining Wall 378, Riverside, CA
Sheet 2 of 3


835


830


825


820


815


810


805


Project Number:     30989802


R
ep


or
t: 


G
E


O
_1


0_
S


N
A


_C
T;


  F
ile


: S
N


A
_S


R
91


W
A


LL
.G


P
J;


  9
/1


4/
08


  A
-0


7-
18


6


D
ep


th
,


fe
et


D
ry


 U
ni


t
W


ei
gh


t, 
pc


f


N
um


be
r


D
ril


lin
g 


M
et


ho
dSAMPLES


E
le


va
tio


n,
fe


et


30


35


40


45


50


55


60


65


S
am


pl
in


g
R


es
is


ta
nc


e,
bl


ow
s/


fo
ot


M
oi


st
ur


e
C


on
te


nt
, %







MATERIAL  DESCRIPTION


D
ry


 U
ni


t
W


ei
gh


t, 
pc


f


N
um


be
r


D
ril


lin
g 


M
et


ho
dSAMPLES


E
le


va
tio


n,
fe


et


D
ep


th
,


fe
et


S
am


pl
in


g
R


es
is


ta
nc


e,
bl


ow
s/


fo
ot


M
oi


st
ur


e
C


on
te


nt
, %


S13


50/5"S14 5.6 109


REMARKS AND
OTHER TESTS


60
SILTY SAND (SM), very dense, orange-brown, dry to moist, coarse to fine
SAND, nonplastic fines (continued)


... becomes dry, few coarse to fine subrounded gravel


Bottom of borehole at 71.0 feet bgs.
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Chloride=300 ppm
Sulfate=648 ppm


CR:  pH=7.9


PA: 61%<#200 sieve


108


4.3


5.9


4.4


3.6


3.4


Pavement:  asphalt on base course


Ty
pe


CLAYEY SAND (SC), very dense, brown, dry, about 70% medium to fine
SAND, about 30% low plasticity fines


... becomes hard


SANDY SILT (ML), very stiff, brown, dry to moist, about 40% fine SAND, about
60% nonplastic fines


Min. Resistivity=


ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, brown, moist, fine
SAND, low plasticity fines, trace rootlets


3500 ohm/cm


71


50/5"


24


55


12


WA: 32%<#200 sieve


No recovery. Same
material as above in
cuttings.


... becomes dense, dry to moist, no rootlets


Drill Rig
Type


Surveyed Ground
Surface ElevationDiedrich D-120


Sampling
Method(s)


Date(s)
Drilled


8-inch bullet bit


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Mixture of bentonite chips and soil
cuttings capped with asphalt


Logged By


75% (estimated)


S05


S04


S03


S02


S01


D01


Refer to Site Plan (Station 388+30)


Drilling
Contractor Tri-County Drilling


Not encountered


852.0 feet


31.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


2/29/08


Bulk, SPT, Modified California
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Borehole
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OTHER TESTS


CLAYEY SAND (SC), very dense, brown, dry, about 70% medium to fine
SAND, about 30% low plasticity fines (continued)
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LABORATORY TESTING 
 


Geotechnical soil samples obtained from the boring were carefully sealed and packaged in the field to 


reduce moisture loss and disturbance.  The samples were subsequently delivered to our laboratory where 


they were further examined and classified.  Selected representative samples were tested to evaluate 


moisture content, in-situ dry density, fines content, Atterberg limits, shear strength, compressibility, and 


corrosivity of the soils.  All tests discussed below were performed in accordance with the latest American 


Society of Testing and Materials (ASTM) and California Test Method (CTM) guidelines. 


 


Moisture Content (ASTM D2937) Tests 


The moisture content and density tests were performed on selected soil samples obtained from the 


borings. The moisture content and dry density tests were performed in accordance with ASTM Test 


Methods D 2216 and 2937, respectively.  The results of these tests are presented on the Log of Boring on 


Figures A-2 to A-92. A summary of the results is shown in Table B-1, Summary of Soil Laboratory Data. 


 


Atterberg Limits Tests (ASTM D4318) 


Atterberg Limits test was performed to aid in classification and to evaluate the plasticity characteristics of 


fine-grained materials encountered in the borings.  The test was performed in accordance with ASTM 


Test Method D 4318.  The results of these tests are presented on the Log of Boring on Figures A-2 to A-


92. A summary of the results is shown in Table B-1, Summary of Soil Laboratory Data.  A summary plot 


is presented in Figure B-1 through B-7, Plasticity Chart. 


Wash Analysis (ASTM D1140) 


Percent passing no. 200 sieve tests were performed on selected soils samples obtained from the borings.  


These tests were performed to aid in classification of the soils and to help in evaluating the liquefaction 


potential of the soils.  The tests were performed in accordance with ASTM Test Method D 1140.  A 


summary of the results are presented on the Log of Boring on Figures A-2 to A-92 and in Table B-1, 


Summary of Soil Laboratory Data.  


Particle Size Analysis (ASTM D422) 


Tests were performed to determine the particle size distribution of selected soil samples. These tests were 


performed in accordance with ASTM Test Method D 422. A summary of the results are presented on the 


Log of Boring on Figures A-2 to A-92 and in Table B-1, Summary of Soil Laboratory Data. Test results 


are presented in Figures B-8 through B-26, Particle Size Distribution Curves.  


Corrosivity Tests (CTM417, 422, 532 and 643) 


Selected representative samples obtained from the boring were tested for corrosion.  Determination of the 


soluble sulfate and water-soluble chloride content of on-site soils were performed in accordance with 


CTM Test Method 417 and 422. Minimum resistivity and pH testing were conducted in accordance with 


CTM Test Method 532 and 643. The results of these tests are presented on the Log of Boring on Figures 


A-2 to A-92. A summary of the results is shown in Table B-1, Summary of Soil Laboratory Data. 
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Direct Shear Tests (ASTM D3080) 


Consolidated-drained (saturated) direct shear tests were performed on selected undisturbed samples to 


evaluate shear strength parameters of the on-site soils. The direct shear tests were performed in 


accordance with ASTM Test Method D 3080. Test results are presented in Figures B-27 through B-56, 


Direct Shear Test.  
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A-07-101 S02


38


841.9


SM


9.4 128


A-07-101 S03 15.0-16.5 836.9 SC


10.0-11.5


25.0-26.5


1.0-5.0


S04 20.5-21.5 825.7 SC 9.2 116


DS


S05


109


820.7 SC 18


A-07-102 S07 35.0-36.5 810.7


A-07-102


SM


7.9 3300 7.0 1044 270


A-07-102 S01


A-07-102


840.7


30.0-31.5


6.0


A-07-102 S02 10.0-11.5 835.7 SC 6.8


5.0-6.5


Atterberg LimitsSieve


Elev.,
feet
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In Situ
Moisture
Content,


%


LL Sulfate
Content,


ppm


TABLE  B-1


USCS
Group
Symbol


Gravel,
%


Sheet 1 of 24


857.6


D01 1.0-5.0 866.1 CL 6.4


R-07-105


16.0


10.0-11.5


SP-SM


SC 8.7 132 28 16 12 DSS02


CL


836.3 SC 10.2 116


R-07-104 S07


R-07-105


831.3


15.0-16.5


1 34 65


R-07-104 S09 45.0-46.5 821.3


35.0-36.5


26


837.6 CL 10.7 115


R-07-105 S07 35.0-36.5


R-07-105


SC


R-07-105


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


S06


832.6


S04


852.6 SC 12.7 2500 7.0 30


30.0-31.5


R-07-105


S06


20.0-21.5 847.6 SC 6.9 1 70 29


S03 75







16.0-17.5


11.0-12.5 851.8 SC 2 78 20


26.0-27.5


S03


9.4


846.8 SC 17.8 111 DS


R-07-107


CL


R-07-107


CL


R-07-105


4000 6.8 888 285


R-07-107 S01A


S02


857.3


R-07-107


12.1


R-07-107 S01B 7.0-7.5 856.3 SC


836.8


6.0-7.0


R-07-108


1.0-5.0 858.5 SC 4.6 1400 6.6


S05


45


59


S01 5.0-6.5 855.0 SC 46


R-07-108 S02


240


19


SP 7.9 121


R-07-107 S06 31.0-32.5 831.8


D01


27


R-07-108


8


R-07-107 S08 41.0-42.5 821.8 CL


861.3


CL


36


851.5 SC 5.3


R-07-106 S02 10.0-11.5


S04


SC


R-07-106


R-07-106 S03 15.0-16.5 841.5 CL 15.2


8.9


846.5


S10


S09 45.0-46.5 822.6 CL 57 33 19


5.0-6.5


R-07-105


S01


50.0-51.5 817.6 ML 29 26 3


20.0-21.5


14


S08


69


R-07-106 S07 35.0-36.5 821.5 SC


R-07-106


R-07-106


30.0-31.5


40.0-41.5 816.5 CL 14.8


R-07-107 D01 1.0-5.0


16.7


S05


836.5 CL 1 44 55 28 20


CL


R-07-106


826.5


25.0-26.5 831.5 CL 14.8


R-07-106 S06


SC


8


Atterberg LimitsSieve
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Sheet 2 of 24


TABLE  B-1


15


835.5 CL 51


R-07-108 S05B 26.0-26.5 SM


R-07-108


R-07-108 S06 30.0-31.5 830.0 CL 17.7


R-07-108


834.5


6


18.5


R-07-108 S03 15.0-16.5 845.0 SW-SM


25.0-26.0


93


S05A


R-07-108 S04 20.0-21.5 840.0 SM 17.8


820.0


1


In Situ
Dry Unit
Weight,


pcf


S08


12.0 118 52 33 20 13849.510.0-11.5


State Route 91 Retaining Walls and Soundwalls


850.0


DS


R-07-109


CL 16.7


R-07-109 S01-1 5.0-6.0 854.8


CL


9.1


40.0-41.5


S01-2 6.0-6.5 854.0 SP-SM 3.6


R-07-109 S02


SC







829.3


S07 35.0-36.5 834.3 CL 16.6


R-07-110


R-07-109


40.0-41.5


10.5


CL 12.1


R-07-110 S10 50.0-51.5 819.3 CL


S08


CL


20.0-21.5 849.3 SC-SM 13.7 41


R-07-110 S05


R-07-110


844.3


10


18.4


R-07-110 S06 30.0-31.5 839.3 SP-SM


S12


25.0-26.5


S02


14.3


13.2 0 67 33 30 19877.6


R-07-111


5.0-6.5


10.0-11.5 872.6 SC 11.3 127


R-07-111 S03


11


CL


14.5


60.5-61.5 809.3 SC 18.2


R-07-111 D01


SC


881.1


R-07-110


6.4 3300 8.4 57 150


R-07-111 S01


1.0-5.0


126


38


16.7 69


R-07-109 S06 30.0-31.5 829.5


834.5


11.0


25.0-26.5


R-07-109 S08 40.0-41.5 819.5 SC-SM 13.3


S04


SM


S04


S03 15.0-16.5 844.5 SW-SM 20.1 2 91


CL


R-07-109


24


21.0-21.5 839.0 SM 12.7 124


R-07-109 S05


6


65


121


17.2


R-07-110 S02 10.0-11.5 859.3 SC-SM


864.3


2


5.0-6.5


33


R-07-110 S03 15.0-16.5 854.3 CL


CL


16.5


S12


17 7


R-07-109 S11 55.0-56.5 804.5 CL


SC-SM


R-07-109


R-07-110


60.5-61.5 799.5 SC 10.6 130


R-07-110 S01


19.8


Atterberg LimitsSieve


Elev.,
feet
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TABLE  B-1


USCS
Group
Symbol


Gravel,
%


Sheet 3 of 24


S06


35.0-36.5


60


R-07-111 S05 25.0-26.5 857.6 CL


7.5


R-07-111


1700


30.0-31.5 852.6 CL 6.9 125


R-07-111


13.0


62


14.2


R-07-111 S04 20.0-21.5 862.6 CL


99


121


847.6


DS


R-07-111 S04+S05 20.0-26.5 860.1 CL 14.6


9.2


16.5


S07


SC 12.8 38


R-07-112 S02 10.0-11.5


5.0-6.5


SC


S01


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


872.2


R-07-111


SC 10.3 18


R-07-111 S08 40.0-41.5 842.6


877.2


9.1


867.6


S10 50.0-51.5 832.6 CL 11.3 119


R-07-112


SC







4.3


SP-SC 8.4 8


A-07-113 S09 40.0-41.5


R-07-112


SC


S08


A-07-113 S11 50.0-51.5 831.7 CL 13.1


A-07-113


841.7


A-07-113


7.0


A-07-113 S06 30.0-31.0 852.0 SC 7.8


846.7


DS


35.0-36.5


S07 31.0-32.5 850.7 SC 9.4


A-07-113


821.7


104


16.0-17.5


S13


R-07-114 S02 11.0-12.5 861.7 SC 11.5


12.7


S03


SC


856.7 CL 12.2 115 1 38 61R-07-114


1600


25.0-26.5


CL 15.3


R-07-114 D01 1.0-5.0 871.2


50


6.4


60.0-61.5


7.7 30 75


R-07-114 S01 6.0-7.5 866.7


SC


S09


822.2


62


R-07-112 S06 30.0-31.5 852.2 SC


CL


R-07-112


857.2


45.0-46.5 837.2 SC 21.0


R-07-112 S12


CL


23.6


CL


S03 15.0-16.5 867.2 SC 12.6


R-07-112 S04


13.9


862.2


CL


17.0 0 42 58


R-07-112 S05 25.0-26.5


20.0-21.5


20.0-21.5


60.0-61.5


A-07-113 S03 15.0-16.5 866.7 SC 9.7


56


S04


11


861.7 CL 10.8 56


A-07-113 S05


17


A-07-113


186


18.3


A-07-113 D01 1.5-5.0 880.2 SC 18.5


34


11.6


856.7


90


A-07-113 S01 5.0-6.5 876.7 SC 10.6


2250


Atterberg LimitsSieve


Elev.,
feet
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In Situ
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%
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ppm


TABLE  B-1


USCS
Group
Symbol


Gravel,
%


Sheet 4 of 24


836.7


SC


15.2 NM 7.1 42 180


R-07-114


841.7


36.0-37.5


31.0-32.5


CL 22.0 82


R-07-114 S09 46.0-47.5


S07


S05


DS


R-07-114 S04 21.0-22.5 851.7 CL


SC


R-07-114


7.7


26.0-27.5 846.7 SC 9.2 117


R-07-114 S06


17.6


10.1


826.7


SC 9.1 36


A-07-115 S04 20.0-21.5


15.0-16.5


CL


S03


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


849.9


10.0-11.5


123


A-07-115 S01 5.0-6.5 864.9 SC 7.7


854.9


S02


15


859.9 CL 13.1 1 41 58


A-07-115


A-07-115







CL


858.9 SC 22.9 45


R-07-117 S02


1


853.9


R-07-117


21.2


R-07-117 S03 15.0-16.5 848.9 CL


15.0-16.5


10.0-11.5


862.4


R-07-116 S08 40.0-41.5 827.8 CL 11.1


R-07-117


5.0-6.5


1.5-5.0


S01


SC 10.4 1200 6.4 69 75


42


D01


R-07-118


15.7


R-07-118 S01 5.0-6.5 855.6 SC


23.9


23


30.0-31.5


S02 10.0-11.5 850.6 SC-SM 18.9


R-07-118


A-07-115


20.3


25.0-26.5


57


R-07-117 S04 20.0-21.5 843.9 CL 23.3


ML


S05


833.9


838.9 SC 15.9 25


R-07-117 S06


832.8


R-07-117


D01


10.1


A-07-115 S08 40.0-41.5 829.9 CL


13.8


R-07-116


35.0-36.5


1.0-5.0 866.3 CL 14.3 1000 7.0 138


12.3


839.9


S05 25.0-26.5 844.9 CL 12.4 64


A-07-115


SM/ML


30.0-31.5


834.9


CL 32 13 19


A-07-115 S07


S01


S06


837.8


75


S05 25.0-26.5 842.8 CL 11.0


R-07-116


32


30.0-31.5


11.8


CL 16.6 60


R-07-116 S07 35.0-36.5


845.6


S06


852.8


CL


5.0-6.5 862.8 CL 13.2 56


R-07-116


R-07-116


15.0-16.5


R-07-116


CL 13.5


R-07-116 S04 20.0-21.5 847.8 SC


S03


Atterberg LimitsSieve
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Sheet 5 of 24


TABLE  B-1


815.6


S07 35.0-36.5 825.6 SC 21.6


R-07-118 45.0-46.5


13.9


CL 28.1


R-07-119 D01 1.0-5.0 860.3 CL


S09


CL


CL 22.0 0 33 67


R-07-118 S04


R-07-118


840.6


30


21.1


R-07-118 S06 30.0-31.5 830.6 SC


8.2


20.0-21.5


In Situ
Dry Unit
Weight,


pcf


5.4


15.0-16.5 846.8 SC 13.4 1 70R-07-119


DS


State Route 91 Retaining Walls and Soundwalls


29


50


240 120


R-07-119 S01 5.0-6.5 856.8


S03


12.9


2100


R-07-119 S02 10.0-11.5 851.8 CL 8.0 117


CL







R-07-120


19 11


R-07-120 S04 21.0-22.5 840.5


855.5


20.4


39


S05 26.0-27.5 835.5 CL 12.6 109 1


CL


R-07-120


R-07-120


12.8 52


R-07-120 S02 11.0-12.5 850.5


30


15.5


61S03 16.0-17.5 845.5 CL 12.1 0


DS


SC


SW-SM


41


5.0-6.5 850.5 SC 32


R-07-122 S02


R-07-122


845.5


9.0


1 91 8


R-07-122 S05 25.0-26.5 830.5


10.0-11.5


839.8


6.0-7.5


67 33 24 9 DS


R-07-121


S01


25.0-26.5


59


CL 18.5


R-07-121 S06 30.0-30.8 835.1 CL


S05


SM


854.8 SC 14.0 109


R-07-121 S03


CL


849.8


R-07-121


21.3 39


R-07-121 S04 20.0-21.5 844.8 ML


15.0-16.5


859.8


S07 36.0-37.4 825.5 SC 17.2 104


R-07-121


10.0-11.5


5.0-6.5


S02


CL 9.9 56 39 14 25


0


S01


S08


10.0


6.3


R-07-119 S07 35.0-36.5 826.8 CL


831.8


R-07-119


30.0-31.5


40.0-41.5 821.8 SC 5.4 127


R-07-120 S01


14.4


R-07-119


R-07-122


33


R-07-119 S04 21.0-21.5 841.8 CL


SC


63


106


S05 25.0-26.5 836.8 CL 13.7


R-07-119 S06


5.6


Atterberg Limits


SC
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feet
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Sand,
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ppm


TABLE  B-1


USCS
Group
Symbol


Gravel,
%


Sheet 6 of 24


R-07-123


15.0-16.5


ND 75


R-07-123 S01 5.0-6.5 849.2


1500


59


5.3


S02 10.0-11.5 844.2 ML 13.0


R-07-123


CL


810.8


S07 35.0-36.5 820.5 SP-SC 15.2


R-07-122


8.9


45.0-46.0


839.2


SC 16.2


R-07-123 D01 1.0-5.0 852.7 CL


S09


S03


SC 41


R-07-123 S07 35.0-36.5 819.2


30.0-31.5


13.5


S06


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


20


SC


13.0


SM 1 78 22


R-07-123 S04 20.0-21.5


824.2


SM


R-07-123 S05 25.0-26.5 829.2 SM 16.8


R-07-123


834.2







117


D01


7.3 133


R-07-124 S08 40.0-41.5 815.9


825.9


4.0


30.0-31.5


R-07-124 S10 50.0-51.5 805.9 SP-SM 10.2


13.7


SM


S05


866.8


R-07-124 S04 20.0-21.5 835.9 SM 5.6


SC


R-07-124


1.0-4.0


25.0-26.5 830.9 SM 16.1 42


R-07-124 S06


124


61.0-62.5


R-07-125


S02 11.0-12.5


14 22 17 5


12


S12


14


816.8 SM 15.1 113


R-07-125 S14 71.0-72.5


R-07-125


6.0-7.5


876.8 CL 6.0 3000 7.4 72 45


R-07-125


S01


SC


871.8 SC 13.1 2 54 44 26R-07-125


51.0-52.4


821.8


R-07-125 S07 36.0-37.5 841.8 SC 18.6


CL


S10


851.8


826.8 CL 12.9 115


R-07-125 S11


34


R-07-125


121


CL 9.7 128


R-07-125 S04 21.0-22.5 856.8


13.6


13.4


SC-SM


69 28 17 11


R-07-125 S05 26.0-27.5


CL


9.5


56.0-57.5


850.9 CL 21.4


R-07-124 S02 10.0-11.5


S01


CL


R-07-124


0 26 74


R-07-124 S03 15.0-16.5 840.9


845.9


1.0-4.0


13.5


R-07-123 S08 40.0-41.5 814.2 CL 13.0


5.0-6.5


D01


18.3


854.9 SM 3.3 2700 8.2 240 285R-07-124


Atterberg LimitsSieve
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Sheet 7 of 24


0


849.5 CL 17.1


R-07-126 S03 15.0-16.5


S02


CL


R-07-126


41 59


R-07-126 S04 20.0-21.5 839.5 CL


844.5


126R-07-126 D01 1.0-5.0 858.0 CL 3.3


10.0-11.5


12.2


S05


90


R-07-126 S01 5.0-6.5 854.5 CL 69


2400


64


809.5 SP 19.7


R-07-127 S01 5.0-6.5 850.5


12.4


13.1


R-07-126


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


CL


CL


SP-SC


25.0-26.5 834.5 CL 63


R-07-126 S06


50.0-51.5


829.5


S10


11.0


R-07-126 S08 40.0-41.5 819.5 CL 12.5


R-07-126


30.0-31.5







CL


13.2


4300 8.3 240 240


R-07-129 S01


SC


851.9


856.4


13.5 77


R-07-129 S02 11.0-12.5 846.9


R-07-127


6.0-7.5


S08


SP-SM 11


R-07-128 S06 30.0-31.5 833.4 CL


8.1


R-07-128


118


40.0-41.5 823.4 SP-SC 11.6


R-07-129 D01 1.0-5.0


9.7


9.5


SC


831.9 CL 10.9


R-07-129 S06 31.0-32.5


S05


SC


R-07-129


125 0 57 43 25 13 12826.9


6R-07-129 S03 16.0-17.5 841.9 SC-SM 17.1 50


26.0-27.5


22


S05


R-07-129 S04 21.0-22.5 836.9 SM 5.4 131


28


8


838.4


20.0-21.5 835.5 CL 12.5 111 67R-07-127 19


14.3


DS


R-07-127 S05 25.0-26.5 830.5 CL 10.9


27


29S02 10.0-11.5 845.5 CL 8.9 115 0


S04


60


30.0-31.5


17 12


R-07-127 S03 15.0-16.5 840.5 SP-SC


40


R-07-128


15.0-16.5 848.4 CL 0 27 73 24


R-07-127


8


13.0


S04 20.0-21.5 843.4 CL 63


R-07-128


S07


16


4


25.0-26.5


825.5 CL 10.4


R-07-128 S01 5.0-6.5


S03


CL


R-07-128


36 60


R-07-128 S02 10.0-11.5 853.4 CL


S06


858.4


Elev.,
feet


SUMMARY  OF  SOIL  LABORATORY  DATA


Atterberg Limits


PI


SUMMARY  OF  SOIL  LABORATORY  DATA


Corrosivity Tests


R
ep


or
t S


R
91


_S
O


IL
_1


_P
O


R
T;


  S
N


A
_S


R
91


W
A


LL
.G


P
J;


   
09


/1
4/


20
08


DS


Sample
Number


Sieve


Depth,
feet


Sample Information


Chloride
Content,


ppm


pHPLBoring
Number


<#200,
%


Sand,
%


Resis-
tivity,


ohm-cm
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%
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Sulfate
Content,


ppm


USCS
Group
Symbol


Gravel,
%


Sheet 8 of 24


801.4


S11-2 56.0-57.0 802.4 SP 11.6


R-07-129


12


57.0-57.5


13.8


CH 19.8


A-07-130 S01 5.0-6.5 853.4 SC


S11-1


SP


36.0-37.5 821.9 SC 14.5


R-07-129 S08


R-07-129


816.9


S02


12.1 121


R-07-129 S09 46.0-47.5 811.9 SP-SM


41.0-42.5


SP-SM


S05 25.0-26.5 833.4 SC 29


A-07-130 S06


47


828.4


45


3.1


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


30.0-31.5


SC


R-07-129


10.0-11.5 848.4 SC 4.5


A-07-130 S03


A-07-130


843.4


54


2.3


A-07-130 S04 20.0-21.5 838.4 CL 0


A-07-130


15.0-16.5







S02


A-07-130


CL 16.5 640 9.2 2405.0-6.5


R-07-132


S01


10.0-11.5 843.9 CL 0 49 51


R-07-132


165


118


SP-SM 12.9


R-07-131 S12 60.0-61.5 791.6


848.9


12.7


839.2


R-07-131 S14 70.0-71.0 781.9 SP 9.4


R-07-132


SP-SM


R-07-132


SM 5.0


R-07-132 S09 45.0-46.5 808.9


S03


14.3


S08


S11 55.0-56.5 798.9 SP 21.0


R-07-133 S01


SP


R-07-132


S10


CL 53


R-07-132 S04 20.0-20.5 834.4


813.9


15.6


40.0-41.5


S06 30.0-31.5 823.9 SC 12.1


R-07-132


15.0-16.0


SC


R-07-131


80


R-07-131 S02 10.0-11.5 841.6 SM


46


122


12.4


S03 15.0-16.5 836.6 SC 12.4 1


801.6


4.9


SP


S07 35.0-36.4 823.4 CL 51


A-07-130 S10


20


808.4


0


1.1


R-07-131 S01 5.0-6.5 846.6 CL


R-07-131


50.0-51.5


S08


124


R-07-131 S07 35.0-36.5 816.6 CL


53


R-07-131


821.9


40.0-41.5 811.6 SP-SM 6.7 11


R-07-131


CL


15.8


826.6


S04 20.0-21.5 831.6 SM 6.5 112


R-07-131


10.6


25.0-26.5


CL


SP-SM 11.5 9


R-07-131 S06 30.0-30.8


50.0-51.5


S05


Atterberg LimitsSieve
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37R-07-133 S03-1 16.5-17.5 837.4 SM 9.1


R-07-133


62


2


R-07-133 S04-2 21.5-22.0 832.6 SC 5.3


Sample
Number


0


127


9.9 53


R-07-133 S02 11.0-12.5 842.6


12


5.2


86R-07-133 S03-2 16.0-16.5 838.1 SP-SM 12.7


S04-1


CL


In Situ
Dry Unit
Weight,


pcf


113


R-07-133 S07 36.0-37.5 817.6 SC


132


823.1


State Route 91 Retaining Walls and Soundwalls


14.2


828.1


22.0-22.5 832.1 SC 4.6 132 DS


R-07-133


15.4


26.0-26.5


SC


SC 11.6 47


R-07-133 S06 31.0-31.5


847.6


S05







9.7


856.9


CL 13.7 58


R-07-135 S04 20.0-21.5


15.0-16.5


CL


S03


124


R-07-135 S05 25.0-26.5 840.8 CL 12.0


845.8


3


3 105


R-07-135 S02 10.0-11.5 855.8 SC


850.8


133


S06


53 43 25 16 9 DS


R-07-135


6.5


8.4


60.0-61.5 805.8 SP-SM 11.0


R-07-136 D01 0-5.0


80


CL


15.6


1400 7.2 147 105


R-07-136 S01


R-07-133


860.4


826.1


4.7


30.0-31.4 835.8 SC 16.4 116


R-07-135


S12


40.0-40.7


R-07-135


SC 10.8


R-07-135 S10 50.0-51.5 815.8 SC


R-07-135


S08


0


61.0-62.0 792.9 CL 15.5


R-07-134 S01 5.0-6.5


10.0-11.5


CL


112


41 58 26 17 9


R-07-134


7.4


852.0


SM


S09-2 46.0-47.0 807.9 SP-SC 12.5


R-07-133 S09-1


S12


807.1


R-07-133


7.5


R-07-133 S10 51.0-52.5 802.6 SP-SM 14.3


847.0


47.0-47.5


CL


S06 30.0-31.5 827.0 SC 10.6


R-07-134 S08


S02


817.0


ND


19.2


R-07-135 D01 1.0-4.0 864.3 ML


CL


40.0-41.5


S04


SC 8.0


R-07-134 S03 15.0-16.5 842.0 SC


R-07-134


R-07-134 10520.0-20.9 837.3 CL 16.2 59 1200 9.2


2100


29


Elev.,
feet


5.0-6.5
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PI
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Sulfate
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ppm


USCS
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%
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CL


S04 20.0-21.5 841.9 CL 13.1


R-07-136 S05


R-07-137


836.9


SC


13.9


R-07-136 S06 30.0-31.5 831.9 CL


25.0-26.5


851.9


1 20 79 28 18 10


R-07-136


R-07-136


10.0-11.5


46


SC 11.1 119


R-07-136 S03 15.0-16.5 846.9


D01


S02


CL


50 47 25 16 9


R-07-137 S03


13.4


844.5


849.5


86


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


15.0-16.5


S01


1.0-5.0 858.0 SC 7.2 710 7.2 216


3


R-07-137


SC


5.0-6.5 854.5 SP-SC 6.5


R-07-137 S02 10.0-11.5


390







75


S02


1.0-5.0 874.1 CL 4.3 1700R-07-139 240


17.9


R-07-139 S01 5.0-6.5 870.6 SM 5.6


R-07-137


8.0


840.5


S05 25.0-26.5 845.5 CL 81


R-07-138


D01


30.0-31.5


10.0-11.5


SC 13.1


R-07-138 S07 35.0-36.5 835.5 CL


S06


35.0-35.8


R-07-139


79 24 14 10 DS12.7


S07


CL


840.9 SC 13.8 119 29


R-07-139 S10


R-07-139


SC


865.6 SC 9.3 130


R-07-139 S03


114


860.6


SC


12.1 124 48


R-07-139 S05 25.0-26.5 850.6


15.0-16.5


SP-SC


R-07-138


829.8 CL 9.8


R-07-137 S07


S06


824.8


R-07-137


13.5


R-07-137 S08 40.0-41.0 819.8 SP-SM 14.8


35.0-36.0


16S04 20.0-21.5 839.5 CL 1 42


30.0-31.0


25


45.0-46.5


9


R-07-137 S05 25.0-26.0 834.8 CL 76


57


855.5


S02 10.0-10.9 860.8 GM 9.0


R-07-138


R-07-137


15.0-16.5


45


GP 3


R-07-138 S04 20.0-21.5 850.5


SC


S03


16.9


13.8


814.5 SM 14.6


R-07-137 S11 55.0-56.5


R-07-138


SP-SM


8R-07-138 S01 5.0-6.5 865.5 GP-GM 46


S09


804.5


Sample
Number
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SC


844.6 SC 34


R-07-140 S03


S02


839.6


R-07-140


14.7


R-07-140 S04 20.0-21.5 834.6 SC/CL 1


15.0-16.5


12.7


13.4 120


R-07-139 S12 60.0-61.0


10.0-11.5


SC


R-07-140


122


R-07-140 S01 5.0-6.5 849.6 CL 84


815.9


State Route 91 Retaining Walls and Soundwalls


S01 5.0-6.5 844.7 CL 19.5 83


49


In Situ
Dry Unit
Weight,


pcf


SC


814.6


825.6


S05 25.0-26.5 829.6 CL 15.0


R-07-140


R-07-141


40.0-41.5


13.9


CL 17.0


R-07-140 S10 50.0-51.5 804.6


50


S08







S07


845.5 SC-SM 15.1 113 24 25 18


21.0-22.5


R-07-142


R-07-142


36.0-37.0 840.3 SC-SM 15.3


R-07-142 S08 41.0-42.0


7


8


R-07-143


CL 12.0 121 2 41 57


31.0-31.5


17


S06


DS


R-07-142 S05 26.0-27.5 850.0 CL 14.7


41


25


SM


835.3


10.6 16 68 16


R-07-143 S02


873.7


868.7


5.0-6.5


5.0 129


R-07-143 S03 15.0-16.4 863.7 SP-SM


PI


10.0-11.5


9.6


S04


26 18 8


R-07-142 S09 46.0-47.5


SM


SC


SC


R-07-142 S11 56.0-57.5 820.0 SC 11.3


R-07-143 S01


830.0


TABLE  B-1


Sulfate
Content,


ppm


855.0


Corrosivity Tests


USCS
Group
Symbol


R-07-141 S03 15.0-16.5 834.7


Sieve


SUMMARY  OF  SOIL  LABORATORY  DATA


Atterberg Limits
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feet
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124


S02


CL


870.0 CL 10.2 1900 7.3 264S01


R-07-142


R-07-142


11.0-12.5 865.0 SC 10.3 26 59 16


R-07-142


270


829.7


S04


52 29 13 16 DS


R-07-141


6.0-7.5


20.0-21.5


12.2


SC 20.2


R-07-141 S05 25.0-26.5 824.7 CH 14.5


S04


In Situ
Dry Unit
Weight,


pcf


A-07-145 S01 5.0-6.5 863.5 CL 1 31


CL


815.1


State Route 91 Retaining Walls and Soundwalls


68


S07


8.9


R-07-144 S06 30.0-31.5 829.7 SC 18.8


13.4


R-07-144


CL


35.0-36.5 824.7 CL 15.1


R-07-144 S09 45.0-45.9


Sample
Number


16


<#200,
%


Sand,
%


LL Other
Tests


Riverside, CA


In Situ
Moisture
Content,


%


Chloride
Content,


ppm


834.7


Boring
Number


Depth,
feet
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Sample Information


R-07-143


843.7 CL 13.5


R-07-143 S09 45.0-46.5 833.7


15.9


12.0


R-07-143


S12 60.0-60.8 819.0 CL 13.5 122


R-07-144


CL


848.7


20.0-21.5 858.7 CL 14.3 123 73


R-07-143


35.0-36.5


30.0-31.5


S07


CL 14.7 106 36 19 17 DS


858.2


S06


R-07-144


D01


20.3


R-07-144 S03 15.0-16.5 844.7 CL


849.7


60


10.0-11.5


S04 20.0-21.5 839.7 CL 17.6


R-07-144 S05 25.0-26.5


16.8


5.0-6.5


SC 3.2 1200 9.5 ND 75


CH


S01


1.0-5.0


854.7 CH 21.0 0 19 81


R-07-144 S02


R-07-144







4.1


847.7 CL 4.5


A-07-146 S05 25.0-26.5


8.1


SC


A-07-146


30


A-07-146 S06 30.0-31.5 837.7 SC 3.3


842.7


A-07-146


A-07-145


21 79


A-07-146 S02 10.0-11.5 857.7


20.0-21.5


8.7


S04


S03 15.0-16.5 852.7 CL 7.5 65


40.0-41.5


CL


75


A-07-146


R-07-147 S01 5.0-6.5 863.5 CL 13.7


57


25


7.7


R-07-147 S02 10.0-11.5 858.5 CL 12.2


R-07-147


0


4.9


CL


827.7 CL 6.6


A-07-146 S10 50.0-51.5


45


SC


S08


R-07-147 D01 0.5-5.0 867.0 SM 6.3 1300


817.7


15


111


A-07-145 S05 25.0-26.5 843.5 CL


0


24


848.5


9


A-07-145 S06 30.0-31.5 838.5 CL 12.7


58


853.5


S02 10.0-11.5 858.5 CL 11.8 115


A-07-145


9.2


15.0-16.5


CL


CL 10.0 61


A-07-145 S04 20.0-21.5


S07


S03


65.0-66.4


120


A-07-145 S11 55.0-56.5 813.5 SC 17


SC


S13


818.5


803.5 SC 5.8


A-07-146 S01 5.0-6.5 862.7


A-07-145


S08


853.5


35.0-36.5 833.5 SC 43 30 17


10.0


A-07-145


A-07-145


40.0-41.3 828.5 SC 11.5


A-07-145 S10 50.0-51.5


13


Atterberg Limits


S03


Elev.,
feet
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Gravel,
%
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10.5


7.8


838.5 SC 17.1


R-07-147 S08 40.0-41.5


S06


SC


R-07-147


R-07-148 D01 1.0-5.0 874.0 CL 10.8


828.5


9.3


CL 11.5 54


R-07-147 S04 20.0-21.5


30.0-31.5


SC


15


R-07-147 S05 25.0-26.5 843.5 SC 10.7 37


848.5


2700


19 5


R-07-148 S03 15.0-16.5 860.5


23


14.3


SC-SM


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


15.0-16.5


SC


73


45


R-07-148 S01 5.0-6.5 870.5 CL 7.7


24


27 25 16 9


R-07-148 S02 10.0-11.0 865.9


0







SC


5.0-5.9 901.8 CL 9.4 99


A-07-151 S02


5.8


896.5


10.5


32 20 12


A-07-153 D01 0-5.0 914.0


11


10.0-10.3


SC


1.0-5.0


S05 25.0-26.5 855.9 SC 9.4


A-07-149 S06


S01


851.3


A-07-151


9.5 119


A-07-151 D01 0-5.0 905.0 CL


660


30.0-30.8


10.0-10.5


5.0-6.5 925.6 SC 24 31 18 13


CL


S02


113


921.1 SC 6.7 7 59 35


R-07-155


R-07-148


A-07-154


51


6.9 2400 510


A-07-153 S01 5.0-6.5 910.5 SC


S01


3


A-07-154


46


A-07-153 S02 10.0-11.5 905.5 SC 5.4


18


9.0


28.9


845.8 SC 8.5 125


R-07-148 S07 35.0-36.5


1.0-5.0


CL


R-07-148


R-07-148 S09 45.0-45.5 831.0 SP 17.1


A-07-149


A-07-149


840.5


850.5


S04 20.0-21.5 855.5 SC 10.8 120 20


R-07-148


30.0-31.0


25.0-26.5


S06


SC 3 69 28 32 18 14


879.4


S05


SC-SM


118 26 19 7 DS


A-07-149 S03


D01


865.9


871.2


8.5


A-07-149 S04 20.0-21.0 861.2 SC 33 29


15.0-16.4


SC


CL 8.9 3900 7.6 564 285


A-07-149 S01


9.4


875.9


SC-SM


25 29 18 11


A-07-149 S02 10.0-10.9


904.2


5.0-6.5


PL PI


Sieve
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Sulfate
Content,


ppm


TABLE  B-1


USCS
Group
Symbol


Gravel,
%


In Situ
Dry Unit
Weight,


pcf


R-07-155


GP 1.4


R-07-155 S04 20.0-20.4 885.7 SC


S01


96


S03


S05 25.0-26.5 880.7 SM 32 29 3


22.9


R-07-155


SC 7.2


R-07-155 S01 5.0-6.5 900.7 SC 4


891.2


25


15.0-15.1


S02 10.0-10.3 896.2 SC 15.8 115


R-07-155


5.0-6.5


71


S01


S03 15.0-16.5 906.5 CL 73 28 18


A-07-156


R-07-157


19


6.0-7.3 883.8 CL-ML 16.6 25 20 5


10


S02


916.5 SC-SM 9.8 6 48 46 23 17


A-07-156


A-07-156 410.0-11.5 911.5 CL-ML 9.9 109 63 23


6







SC


874.5 CL 4 44 52


A-07-159 S03


9.7


870.0


A-07-159


8.8 110


R-07-160 S01 6.0-7.5 860.9


S07


15.0-15.3


7.8


11.8


863.3 SC 10.9


A-07-159 D01 0-5.0


10.0-10.4


CL


S02


A-07-159 S01 5.0-6.5 879.5 CL 12.0 114


9


883.0


28R-07-160 S05 26.0-27.5 840.9 SC 13.1 1


SP-SM


43


SC


13 15


R-07-160 S06 31.0-32.5 835.9


R-07-157


56


16.0-17.5


R-07-160 S02 11.0-12.5 855.9 SM 5.6 113


129


S03


10.1


850.9 CL 20.3


R-07-160 S04 21.0-22.5 845.9


A-07-158


R-07-160


73


7.5 552 330


A-07-158 S01 5.0-6.5 890.5


CL


9.7


CL-ML


25 18 7


A-07-158 S02 10.0-11.5


32.5-33.5


CL-ML


16.0-17.5


S02 11.0-12.5 878.8 SC 13.0 125 38


5200


S03


9.1


873.8 CL 55


A-07-158 D01 0.2-5.0 894.0


10.5


R-07-157


5.7


875.5 CL-ML 9.6 108


A-07-158 S05 25.0-26.5


885.5


SC


A-07-158


31


A-07-158 S06 30.0-30.5 866.0 SC 11.6


870.5


S03


107 5 42 53 27 18 9


20.0-21.5


A-07-158


S04


15.0-16.5 880.5 CL-ML 64 22 17 5


125


DS


Elev.,
feet


Sieve
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Sheet 15 of 24


863.6


S12 61.0-62.5 805.9 SM 8.7 127


R-07-161


24.2


5.0-6.5


SM


SC 18.1


R-07-161 S02 10.0-11.5 858.6


S01


41.0-42.5


R-07-160 S07 36.0-37.5 830.9 SC 19.4 44


R-07-160


S08


14.5


825.9 CL/ML 22.5


R-07-160 S11 56.0-57.5 810.9


69


R-07-160


SC


25.0-26.5 843.6 CL 22.8 54


R-07-161 S06


CL


838.6


12.4


13.9 37


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


30.0-31.5


35R-07-161 S03 15.0-16.5 853.6 SC 13.0 2


S05


38


R-07-161


13 22


R-07-161 S04 20.0-21.5 848.6 SC


60







R-07-163


SP-SC


17


R-07-162 S10 50.0-51.5 811.2 SC


SM


108


821.2


D01 1.0-5.0 849.7 CL 11.6 3100 9.4


20.8


S07


R-07-163


R-07-162 S06 30.0-31.5 831.2 CL 13.2


12.4


R-07-162


R-07-163


35.0-36.5 826.2 SP-SC 17.2


R-07-162 S08 40.0-41.5


124


27


CL 17.2


R-07-163 S04 21.0-22.5 830.2 SC


ND


129


S03


DS


R-07-163 S05 26.0-27.5 825.2 CL


10.1


R-07-163


836.2


S01 6.0-7.5 845.2 SC 12.1 6


835.2


31


16.0-17.5


S02 11.0-12.5 840.2 SC 8.3 130


R-07-163


180


63


R-07-162


14.1


SP-SC 19.6


R-07-161 S09 45.0-46.5 823.6


35.0-36.5


21.0


S07


D01 1.0-5.0 859.7 SC 12.6 3600 9.7


CL


<#200,
%


Sand,
%


LL


833.6


Other
Tests


R-07-162


Riverside, CA


In Situ
Moisture
Content,


%


R-07-161


119


846.2 CL 12.7


R-07-162 S04 20.0-21.5 841.2


ND


13.1


R-07-162


1 54 45 DS


R-07-162 S05 25.0-26.5


SC


12


S06


S01 5.0-6.5 856.2 SC 11.3 38


15.0-16.5


13


S03


R-07-162 S02 10.0-11.5 851.2 CL 12.8 125


75


25


R-07-165


Sample
Number


Boring
Number


Depth,
feet


Sample Information


Chloride
Content,


ppm


pHPL PI
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17.7


1.1-5.0 839.2 SC 13.7 3300 6.6 315


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


240


Sulfate
Content,


ppm


TABLE  B-1


Sieve


USCS
Group
Symbol


Gravel,
%


Sheet 16 of 24


119


Atterberg Limits


SUMMARY  OF  SOIL  LABORATORY  DATA


Corrosivity Tests


Resis-
tivity,


ohm-cm


SUMMARY  OF  SOIL  LABORATORY  DATA


Elev.,
feet


S03


D01


13.0


R-07-164 S01B 6.0-6.5 840.5 CL


841.5


R-07-164


5.0-6.0


15.0-16.5 831.0 SC 13.4 2 51 47


3.9


CL


31.0-32.5 820.2 CL 15.7 116


R-07-164 D01


CL


845.0


20.0-21.5


6.9 3000 7.8 ND 75


R-07-164 S01A


1.0-4.0


CL


S06-1 31.0-31.5 815.5 CL 10.5


R-07-164 S07


R-07-164


811.0


SP


18.2


R-07-164 S08 40.0-41.5 806.0 SP-SM 10.7


35.0-36.5


CL


826.0 SP-SC 8.8 124


R-07-164 S05


R-07-164


821.0


3.3


42 23 19


R-07-164 S06-2 30.5-31.0 816.0


S04


25.0-26.5







21


CL 5.9 90


A-07-166 S05 25.0-26.5 788.5


A-07-166


3.2


S02


A-07-166 S06 30.0-31.0 783.8 SM 4.8


SM


SM


S01


54


121


A-07-166 D01 1.0-5.0 812.0 CL


803.5


A-07-166


10.0-11.5


5.0-6.5 808.5 CL 1 41 59


A-07-166


S09


4.6


R-07-167


SC 9.1 35


R-07-167 S03 15.0-16.5 822.0


104


16.2


S02


S04 20.0-21.5 817.0 SC 13.9 113


SC


4.2


45.0-45.5 769.0         GM          0.7


A-07-166 S10 50.0-50.1


827.0


SP-SM


10.0-11.5


R-07-167 S01 5.0-6.5 832.0 SC 6.6


R-07-167


801.0


764.4


119


SC 15.1 44


R-07-165 S02 10.0-11.5 830.7


R-07-165


14.5


S01


0 39 60 32 19 13


11.2


CL


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


835.75.0-6.5


Sample
Number


Boring
Number


Depth,
feet


R-07-165


S03


S07


13.5


R-07-165 S06 30.0-31.3 810.7 SC 12.2


DS


R-07-165


25.0-26.5


35.0-36.4 805.7 SM 12.8


R-07-165 S08 40.0-40.8


123


9.0


15.0-16.5 825.7 CL 16.3


R-07-165 S04 20.0-21.5


SC


SC


815.7


115 39 27 15 12


R-07-165 S05


45


820.7


Elev.,
feet


Sieve


SUMMARY  OF  SOIL  LABORATORY  DATA


Atterberg Limits


Resis-
tivity,


ohm-cm


PL


SUMMARY  OF  SOIL  LABORATORY  DATA


17.5


120


1


D01 1.0-5.0 836.6 CL-ML 6.0 7600 24


PI
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Sulfate
Content,


ppm


USCS
Group
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%
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CL


10.0-11.5


R-07-168 S01 5.0-6.5 866.5 SC 17.2 28


856.5


S02


27


861.5 ML 12.4 106


R-07-168 S03


R-07-169


R-07-168


16.1


26 17 9 DS


R-07-167 S05 25.0-26.5


11


SC


16R-07-167 S06 30.0-31.5 807.1 SC 10.4 34


CL


812.0


45.0-46.5


118


R-07-168 S07 35.0-36.5 836.5 SC 16.7


15.0-16.5


S09


841.9


826.5 SM 15.3


R-07-168 S11 55.0-56.5 816.5


R-07-168


851.8


1 37 62 29 16 13


R-07-168


13.2


20.0-21.0


CL


SC 11.6 123 14


R-07-168 S06 30.0-30.9


S04







20.0-21.5


5.0-6.5


847.5 SC 19.8 36 16 20S03


S04


R-07-170


842.5 CL 13.7 117 52 30 21 9R-07-170


852.5


R-07-169


SW-SM 3.3 3 86 11


R-07-170


15.0-16.5


10.0-11.5


25.0-26.5


SC-SM 13.2 120 27 25 20 5 DSS02


S09


23.2


R-07-170 S08 40.0-41.5 822.5 SC 11.3


R-07-170


R-07-170


35.0-36.5


45.0-46.5 817.5 CL 19.7


R-07-170 S10 50.0-51.5 812.5


125


121


S01


837.5 CL 18.9


R-07-170 S06 30.0-31.5 832.5


CL


13.8


827.5


53 32 18 14 DS


R-07-170 S07


S05


CL


SM


857.5


16.0-17.5 822.1 SC 16.7


R-07-169 S04


R-07-169


817.1


45


7.9 15


R-07-169 S05 26.0-27.5 812.1 CL 15.9


21.0-22.5


R-07-169


S01 6.0-7.5 832.1 CL-ML 17.5 53 27


S03


6


19


S02 11.0-12.5 827.1 SC 9.1 122 0 54


21


1.0-5.0


122


R-07-169 S09 46.0-47.5 792.1 CL 12.5


56


D01


797.1


861.0 SC 7.7 3800 7.4 624 330


R-07-170


R-07-170


S07


113


16


R-07-169 S06 31.0-32.5 807.1 CL 10.6


9.3


R-07-169


SM


36.0-37.5 802.1 CL 12.4


R-07-169 S08 41.0-42.5


35


133


CL


PI


Sieve
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Other
Tests


Riverside, CA


In Situ
Moisture
Content,


%


In Situ
Dry Unit
Weight,


pcf


Sulfate
Content,


ppm


TABLE  B-1


USCS
Group
Symbol


Gravel,
%


Corrosivity Tests


872.7


S14 70.0-71.5 792.5 SP-SM 14.0 118


A-07-171


5.0-6.5


1.0-5.0


CL


CL 15.4 3800 6.7 552 315


A-07-171


D01


802.5


R-07-170 S11 55.0-56.5 807.5 CL 16.2


R-07-170


R-07-170


60.0-61.5


22.3


SC 11.9 125


R-07-170 S13 65.0-66.5 797.5


869.2


S12


A-07-171


20.0-21.5 854.2 SC 6.1 117 1 77


S01


DS


41


S05 25.0-26.5 849.2 SP-SM 2.2 8


14.3


21


864.2


CL 0 17 83 31 16 15


A-07-171


S04


10.0-11.5


A-07-171


SC 4.5


A-07-171 S03 15.0-15.8 859.5 SC


State Route 91 Retaining Walls and Soundwalls


S02







35.5-36.0


R-07-172 S07-3 35.0-35.5 829.0 SM 14.7


13.2


S07-2


SC


828.5 CL 17.5


R-07-172 S07-1 36.0-36.5 828.0


R-07-172


838.0


10


S05-2 25.0-26.0 839.0 SP-SM 6


R-07-172


119


26.0-26.5


9.5


SM 37


R-07-172 S06 30.0-31.5 833.5


R-07-172


S05-1


9


SM


11.0-12.5 829.0 CL 12.2 111 55R-07-173 17


10.4


DS


R-07-173 S03 16.0-17.5 824.0 SP-SM


A-07-171


26


813.5


SC


S09 45.0-46.5 818.5 CL 20.1


R-07-172


S02


50.0-51.5


16.0


CL 19.3


R-07-173 S01 6.0-7.5 834.0 SM


S10


814.2


S11 55.0-56.5 819.2 SM 2.8


A-07-171


R-07-172


60.0-61.5


SM


SC 11.4 114


A-07-171 S14 70.0-71.0 804.5


S12


SC-SM


S07 35.0-36.5 839.2 SP-SM 1.8


A-07-171 S08


A-07-171


834.5


6.3


10.0 103


A-07-171 S09 45.0-46.5 829.2


R-07-172


40.0-40.9


15.0-16.5


CL


SC 17.6 114 3 83 1410.0-11.5


S03


S02


848.5 SC 44


R-07-172 S04 20.0-21.5 843.5


R-07-172


105


R-07-173


D01 1.0-5.0 862.0 SC 3.5 910


853.5


48


14.9


R-07-172 S01 5.0-6.0 858.8 CL 8.6


R-07-172


7.7


Atterberg Limits


Elev.,
feet
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10.4
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54


7.8


R-07-174 S01 5.0-6.5 861.9 CL 119


31.0-32.5


R-07-174 S02 10.0-11.5 856.9 CL 20.8 0


0.8


SC


S04 21.0-22.5 819.0 SP-SM 13.0


R-07-173 S05


SP


814.0


809.0


13.6 0 57 43


R-07-173 S06


28


26.0-27.5


36


R-07-174 S05 25.0-26.5 841.9 SM 9.7


CL


DS


846.9


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


116


15.0-16.5


17 11 1000 7.3 408 270


60


S03


64


851.9 SC 4.4 144


R-07-174 S04 20.0-21.5


R-07-174







11.0-12.5


11.8


S01 6.0-7.5 857.0 CL 11.6


19.0


S02


SC


852.0 SM 27 1400 7.6 ND 120R-07-176


814.5


S10-1 51.0-51.5 819.0 CL 19.7


R-07-175


R-07-176


55.5-56.5


16.0-17.5


SC 13.3 117


R-07-175 S12 60.0-61.5 809.5


S11


1


832.0 SC 11.0


R-07-176 S07 36.0-37.5


R-07-176


SM


R-07-176


85 14


R-07-176 S08 41.0-42.5 822.0


R-07-174


827.0


15.3


SP-SM


847.0 CL 14.1


R-07-176 S04 21.0-22.5


31.0-32.5


SP-SM


S06


R-07-176 S05 26.0-27.5 837.0 CL 62


S03


842.0


860.0


5.0-6.5 864.5 SC 4.6 127


R-07-175


15.0-16.5


10.0-10.5


16.4


SC 17.0 10 70 20


R-07-175


R-07-175


S02


CL


S06 30.0-31.5 836.9 SC 17.8


R-07-174 S08


S01


826.9


R-07-175


13.1


R-07-174 S10 50.0-51.5 816.9 CL


854.5


40.0-41.5


SM


834.5 SM 13.7 118


R-07-175 S09


S03


824.5


R-07-175


9.1 121


R-07-175 S10-2 50.0-51.0 819.8


R-07-176


45.0-46.5


R-07-175


SP-SM 8.8 10


R-07-175 S04 20.0-21.5 849.5


35.0-36.5


14.9


S07


S05 25.0-26.3 844.5 SM 6.8 15


20.9


SC


SC
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TABLE  B-1


13.3


SC 14.1 41


R-07-177 S02 10.0-10.5


2


SM


S01


117


R-07-177 S03 15.0-16.5 852.5 SM


Sample
Number


858.0


CL


S11 56.0-57.5 807.0 CL 14.7


R-07-177 D01
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NOTE:  The laboratory tests were performed in general accordance with the following standards:
Moisture Content - ASTM D 2216
Dry Unit Weight - ASTM D 2937 or ASTM D 4767
Particle Size Distribution Analysis by Mechanical Sieving - ASTM D 422 (-#200 by ASTM D 1140)
Atterberg Limits - ASTM D 4318
Corrosivity Test - CTM 643 (Resistivity), CTM 532 (pH), CTM 417 (Sulfate), CTM 422 (Chloride); ND=Not Detected
One-Dimensional Consolidation Test (CONS) - ASTM D 2435
Consolidated Drained Direct Shear (DS) - ASTM D 3080
Specific Gravity (SG) - ASTM D 854
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30989802 Figure B-26







Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.37 ksf 0.11 ksf


Sample No.: S02 17.7 kPa 5.3 kPa


Depth ( ft | m) 10 3.0 35 degree 35 degree


Description: Dark brown clayey Sand (SC) Shear rate : 0.005 (in/min) , 0.0127 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 6.8 116.0 18.2 108.6 17.1 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 16.2 142.6 22.4 122.7 19.3 1.3 62.4 1.2 57.5 1.0 49.3


spec. 2 13.9 137.2 21.6 120.5 18.9 2.7 129.3 2.4 112.5 2.1 98.2


spec. 3 14.0 144.5 22.7 126.8 19.9 5.5 263.0 4.1 198.2 4.0 192.5
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 1.28 ksf


Sample No.: S02 XXXXX kPa 61.3 kPa


Depth ( ft | m) 10 3.0 XXXXX degree 34 degree


Description: Dark brown clayey Sand (SC) Shear rate : 0.004 (in/min) , 0.0102 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 10.5 140.9 22.1 127.5 20.0 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 12.8 147.1 23.1 130.4 20.5 0.9 45.5 XXXXX XXXXX 1.9 92.4


spec. 2 13.7 148.4 23.3 130.5 20.5 2.0 98.1 XXXXX XXXXX 2.8 133.1


spec. 3 14.3 147.2 23.1 128.8 20.2 4.2 203.3 XXXXX XXXXX 3.9 188.2
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 1.20 ksf 0.90 ksf


Sample No.: S02 57.5 kPa 43.1 kPa


Depth ( ft | m) 10 3.0 34 degree 34 degree


Description: Dark brown clayey Sand (SC) Shear rate : 0.005 (in/min) , 0.0127 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 8.8 143.9 22.6 132.3 20.8 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 13.5 142.2 22.3 125.3 19.7 0.9 45.5 1.7 80.9 1.2 57.9


spec. 2 13.1 142.5 22.4 126.0 19.8 2.0 98.1 2.8 135.5 2.8 134.5


spec. 3 14.5 149.0 23.4 130.1 20.4 4.2 203.3 3.7 176.7 3.5 169.0
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.65 ksf 0.35 ksf


Sample No.: S03 31.0 kPa 16.9 kPa


Depth ( ft | m) 15 4.6 35 degree 37 degree


Description: Grayish brown clayey Sand (SC) Shear rate : 0.004 (in/min) , 0.0102 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 17.8 130.5 20.5 110.8 17.4 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 15.1 132.4 20.8 115.0 18.1 0.9 45.5 1.3 60.8 1.1 51.2


spec. 2 15.2 132.3 20.8 114.9 18.0 2.0 98.1 2.1 101.5 1.9 91.5


spec. 3 15.3 134.4 21.1 116.6 18.3 4.2 203.3 3.6 170.9 3.6 170.9
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.48 ksf 0.24 ksf


Sample No.: S02 22.8 kPa 11.4 kPa


Depth ( ft | m) 10 3.0 30 degree 30 degree


Description: Brown sandy Clay (CL) Shear rate : 0.003 (in/min) , 0.0076 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 12.0 132.2 20.8 118.1 18.6 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 17.9 140.9 22.1 119.5 18.8 0.9 45.5 1.2 56.5 1.0 45.5


spec. 2 18.2 141.7 22.3 119.9 18.8 2.0 98.1 1.4 68.5 1.2 57.9


spec. 3 20.5 142.8 22.4 118.5 18.6 4.2 203.3 3.0 144.1 2.8 134.5


ASTM D 3080


Project Number: Date: Figure No.: B-31


p
re


-s
h
e
a
r


DIRECT SHEAR TESTSR-91 Soundwalls
URS


30989802 3/14/2008


Peak Ultimate


SYMBOL


R-07-109
Strength Intercept ( C ) :


Friction Angle ( φ ) :


0.0


1.0


2.0


3.0


4.0


5.0


6.0


0.0 1.0 2.0 3.0 4.0 5.0 6.0


Normal Stress (ksf)


S
h


e
a


r 
S


tr
e


s
s
 (


k
s
f)


ds_shear plot R-07-109_010







Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.35 ksf


Sample No.: S04 XXXXX kPa 16.6 kPa


Depth ( ft | m) 20 6.1 XXXXX degree 32 degree


Description: Dark brown sandy Clay (CL) Shear rate : 0.003 (in/min) , 0.0076 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 9.2 131.9 20.7 120.8 19.0 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 17.0 135.4 21.3 115.8 18.2 0.9 45.5 XXXXX XXXXX 1.0 49.3


spec. 2 16.2 139.5 21.9 120.0 18.9 2.0 98.1 XXXXX XXXXX 1.5 69.4


spec. 3 15.6 138.7 21.8 120.0 18.9 4.2 203.3 XXXXX XXXXX 3.0 143.6
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.51 ksf


Sample No.: S06 XXXXX kPa 24.3 kPa


Depth ( ft | m) 30 9.1 XXXXX degree 31 degree


Description: Reddish brown clayey Sand (SC) Shear rate : 0.005 (in/min) , 0.0127 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 7.8 112.4 17.7 104.3 16.4 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 22.6 133.9 21.0 109.2 17.2 2.1 100.5 XXXXX XXXXX 1.8 86.2


spec. 2 21.3 135.6 21.3 111.8 17.6 4.2 201.1 XXXXX XXXXX 2.9 140.3


spec. 3 15.8 142.5 22.4 123.1 19.3 8.6 411.8 XXXXX XXXXX 5.6 269.6
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.47 ksf


Sample No.: S03 XXXXX kPa 22.5 kPa


Depth ( ft | m) 16 4.9 XXXXX degree 23 degree


Description: Dark brown sandy Clay (CL) Shear rate : 0.007 (in/min) , 0.0180 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 12.2 128.5 20.2 114.5 18.0 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 17.7 135.8 21.3 115.4 18.1 0.9 45.4 XXXXX XXXXX 0.8 35.9


spec. 2 19.7 132.9 20.9 111.0 17.4 2.0 97.9 XXXXX XXXXX 1.6 74.2


spec. 3 18.2 137.7 21.6 116.5 18.3 4.2 202.9 XXXXX XXXXX 2.2 107.3
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.66 ksf 0.43 ksf


Sample No.: S02 31.5 kPa 20.7 kPa


Depth ( ft | m) 10 3.0 32 degree 33 degree


Description: Brown sandy Clay (CL) Shear rate : 0.003 (in/min) , 0.0076 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 13.7 125.8 19.8 110.6 17.4 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 20.7 127.3 20.0 105.5 16.6 0.9 45.5 1.2 59.4 1.0 49.8


spec. 2 17.6 136.0 21.4 115.7 18.2 2.0 98.1 1.9 92.9 1.8 86.7


spec. 3 16.6 132.0 20.7 113.2 17.8 4.2 203.3 3.3 157.5 3.2 154.2
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.46 ksf


Sample No.: S05 XXXXX kPa 22.0 kPa


Depth ( ft | m) 26 7.9 XXXXX degree 33 degree


Description: Dark yellowish brown sandy Clay (CL) Shear rate : 0.008 (in/min) , 0.0191 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 12.6 122.4 19.2 108.7 17.1 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 16.7 129.0 20.3 110.6 17.4 2.0 97.9 XXXXX XXXXX 1.6 75.7


spec. 2 15.6 130.0 20.4 112.5 17.7 4.2 202.9 XXXXX XXXXX 3.2 155.1


spec. 3 15.1 130.8 20.6 113.6 17.9 8.6 412.7 XXXXX XXXXX 6.3 301.6
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.45 ksf


Sample No.: S04 XXXXX kPa 21.6 kPa


Depth ( ft | m) 20 6.1 XXXXX degree 31 degree


Description: Dark yellowish brown sandy Clay (CL) Shear rate : 0.009 (in/min) , 0.0226 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 10.0 116.9 18.4 106.2 16.7 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 26.7 129.7 20.4 102.4 16.1 0.9 45.5 XXXXX XXXXX 1.0 46.0


spec. 2 22.2 137.9 21.7 112.8 17.7 2.0 98.1 XXXXX XXXXX 1.8 85.7


spec. 3 27.1 133.4 21.0 105.0 16.5 4.2 203.3 XXXXX XXXXX 3.0 143.2
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.84 ksf 0.42 ksf


Sample No.: S04 40.0 kPa 20.0 kPa


Depth ( ft | m) 20 6.1 34 degree 32 degree


Description: Reddish brown sandy Clay (CL) Shear rate : 0.001 (in/min) , 0.0025 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 12.5 124.5 19.6 110.7 17.4 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 20.0 131.5 20.7 109.6 17.2 0.9 45.5 1.4 67.5 1.0 47.9


spec. 2 19.8 135.4 21.3 113.1 17.8 2.0 98.1 2.3 108.7 1.7 80.4


spec. 3 19.5 138.0 21.7 115.5 18.1 4.2 203.3 3.9 187.2 3.5 167.6
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.38 ksf


Sample No.: S06 XXXXX kPa 18.0 kPa


Depth ( ft | m) 31 9.4 XXXXX degree 33 degree


Description: Dark brown clayey Sand (SC) Shear rate : 0.005 (in/min) , 0.0122 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 9.5 136.6 21.5 124.8 19.6 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 15.6 145.1 22.8 125.5 19.7 2.0 98.0 XXXXX XXXXX 1.9 89.1


spec. 2 14.9 144.7 22.7 125.9 19.8 4.2 203.1 XXXXX XXXXX 3.8 181.0


spec. 3 14.3 145.8 22.9 127.5 20.0 8.6 412.7 XXXXX XXXXX 4.9 234.1
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.96 ksf 0.65 ksf


Sample No.: S04 46.0 kPa 31.1 kPa


Depth ( ft | m) 21 6.4 33 degree 33 degree


Description: Reddish brown clayey Sand (SC) Shear rate : 0.004 (in/min) , 0.0102 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 4.6 138.5 21.8 132.4 20.8 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 14.2 148.7 23.4 130.2 20.5 0.9 45.5 1.6 76.6 1.3 61.3


spec. 2 14.1 148.7 23.4 130.3 20.5 2.0 98.1 2.3 110.1 2.0 96.7


spec. 3 13.0 148.9 23.4 131.8 20.7 4.2 203.3 3.7 174.8 3.3 158.0
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.46 ksf 0.37 ksf


Sample No.: S02 21.9 kPa 17.7 kPa


Depth ( ft | m) 10 3.0 40 degree 33 degree


Description: Dark yellowish brown clayey Sand (SC) Shear rate : 0.004 (in/min) , 0.0102 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 6.5 141.5 22.2 132.9 20.9 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 14.4 149.6 23.5 130.8 20.6 0.9 45.4 1.0 49.3 0.8 35.9


spec. 2 13.0 150.2 23.6 132.9 20.9 2.0 97.9 2.5 117.8 2.0 97.2


spec. 3 12.2 149.4 23.5 133.2 20.9 4.2 202.9 3.9 184.3 3.0 142.7
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.21 ksf


Sample No.: S05 XXXXX kPa 10.0 kPa


Depth ( ft | m) 25 7.6 XXXXX degree 30 degree


Description: Dark reddish brown Clay with sand (CL) Shear rate : 0.003 (in/min) , 0.0076 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 12.7 128.3 20.2 113.8 17.9 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 17.4 133.6 21.0 113.8 17.9 0.9 45.5 XXXXX XXXXX 0.8 38.8


spec. 2 17.1 133.7 21.0 114.2 17.9 2.0 98.1 XXXXX XXXXX 1.3 63.2


spec. 3 15.7 136.0 21.4 117.5 18.5 4.2 203.3 XXXXX XXXXX 3.1 150.3
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.47 ksf 0.36 ksf


Sample No.: S03 22.7 kPa 17.1 kPa


Depth ( ft | m) 15 4.6 32 degree 29 degree


Description: Dark reddish brown sandy Clay (CL) Shear rate : 0.001 (in/min) , 0.0025 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 12.2 139.6 21.9 124.5 19.5 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 16.0 140.9 22.1 121.5 19.1 0.9 45.5 1.1 50.3 0.9 43.6


spec. 2 15.8 144.4 22.7 124.8 19.6 2.0 98.1 1.8 85.2 1.5 69.9


spec. 3 15.4 151.6 23.8 131.3 20.6 4.2 203.3 3.1 149.4 2.7 130.7
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.60 ksf 0.32 ksf


Sample No.: S04 28.9 kPa 15.2 kPa


Depth ( ft | m) 21 6.4 38 degree 37 degree


Description: Dark reddish brown sandy Clay (CL) Shear rate : 0.004 (in/min) , 0.0102 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 12.0 135.2 21.2 120.7 19.0 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 15.7 138.0 21.7 119.3 18.7 0.9 45.5 1.3 64.2 1.0 49.8


spec. 3 14.5 140.3 22.0 122.5 19.3 4.2 203.3 3.9 186.7 3.6 170.0


spec. 2 XXXX XXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.27 ksf


Sample No.: S06 XXXXX kPa 13.0 kPa


Depth ( ft | m) 30 9.1 XXXXX degree 32 degree


Description: Dark reddish brown Clay with sand (CL) Shear rate : 0.001 (in/min) , 0.0025 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 14.7 121.5 19.1 106.0 16.7 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 19.4 130.8 20.6 109.6 17.2 2.0 98.1 XXXXX XXXXX 1.4 67.5


spec. 2 18.9 133.2 20.9 112.0 17.6 4.2 203.3 XXXXX XXXXX 2.9 136.9


spec. 3 18.2 135.1 21.2 114.3 18.0 8.6 413.6 XXXXX XXXXX 5.8 277.2
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.43 ksf 0.26 ksf


Sample No.: S02 20.8 kPa 12.4 kPa


Depth ( ft | m) 10 3.0 35 degree 34 degree


Description: Dark reddish brown clayey Sand (SC) Shear rate : 0.002 (in/min) , 0.0051 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 9.4 128.6 20.2 117.6 18.5 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 16.4 140.3 22.0 120.5 18.9 1.3 62.4 1.3 59.9 1.1 52.7


spec. 2 16.6 143.6 22.6 123.2 19.4 2.7 129.3 2.4 115.9 2.2 103.4


spec. 3 15.7 143.9 22.6 124.3 19.5 5.5 263.0 4.2 200.1 4.0 190.1
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.26 ksf 0.22 ksf


Sample No.: S02 12.2 kPa 10.4 kPa


Depth ( ft | m) 10 3.0 35 degree 33 degree


Description: Dark yellowish brown sandy Clay (CL) Shear rate : 0.005 (in/min) , 0.0127 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 10.5 118.4 18.6 107.1 16.8 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 19.9 133.6 21.0 111.4 17.5 1.3 62.4 1.2 57.0 1.1 53.1


spec. 2 18.3 136.6 21.5 115.5 18.1 2.7 129.3 2.1 100.1 1.9 91.9


spec. 3 16.9 140.2 22.0 120.0 18.8 5.5 263.0 4.1 195.8 3.8 183.4
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.75 ksf


Sample No.: S04 XXXXX kPa 36.0 kPa


Depth ( ft | m) 20 6.1 XXXXX degree 35 degree


Description: Reddish brown clayey Sand (SC) Shear rate : 0.003 (in/min) , 0.0076 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 13.1 134.9 21.2 119.3 18.7 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 15.6 133.2 20.9 115.3 18.1 0.9 45.5 XXXXX XXXXX 1.4 67.0


spec. 2 14.1 139.0 21.8 121.8 19.1 2.0 98.1 XXXXX XXXXX 2.8 131.7


spec. 3 17.4 142.1 22.3 121.0 19.0 4.2 203.3 XXXXX XXXXX 3.4 161.4
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.47 ksf


Sample No.: S04 XXXXX kPa 22.7 kPa


Depth ( ft | m) 21 6.4 XXXXX degree 33 degree


Description: Dark yellowish brown clayey Sand (SC) Shear rate : 0.004 (in/min) , 0.0102 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 10.1 141.9 22.3 128.9 20.3 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 15.1 144.3 22.7 125.4 19.7 0.9 45.5 XXXXX XXXXX 1.1 51.2


spec. 2 14.5 144.9 22.8 126.5 19.9 2.0 98.1 XXXXX XXXXX 1.9 89.5


spec. 3 14.9 144.6 22.7 125.9 19.8 4.2 203.3 XXXXX XXXXX 3.3 156.1
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.69 ksf 0.25 ksf


Sample No.: S02 33.2 kPa 11.9 kPa


Depth ( ft | m) 10 3.0 37 degree 36 degree


Description: Dark reddish brown sandy Clay (CL) Shear rate : 0.003 (in/min) , 0.0076 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 14.5 135.7 21.3 118.6 18.6 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 13.2 138.2 21.7 122.1 19.2 0.9 45.5 1.4 67.5 1.0 49.8


spec. 2 14.6 139.3 21.9 121.6 19.1 2.0 98.1 2.3 108.7 1.6 76.1


spec. 3 15.6 140.3 22.0 121.4 19.1 4.2 203.3 3.9 188.2 3.4 162.3
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.23 ksf


Sample No.: S04 XXXXX kPa 11.0 kPa


Depth ( ft | m) 20 6.1 XXXXX degree 36 degree


Description: Brown clayey Sand (SC) Shear rate : 0.002 (in/min) , 0.0051 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 13.9 128.3 20.2 112.6 17.7 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 16.8 127.5 20.0 109.2 17.2 0.9 45.5 XXXXX XXXXX 0.7 31.6


spec. 2 15.5 128.5 20.2 111.3 17.5 2.0 98.1 XXXXX XXXXX 1.5 73.3


spec. 3 15.0 130.7 20.5 113.6 17.9 4.2 203.3 XXXXX XXXXX 3.6 172.4
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.69 ksf 0.47 ksf


Sample No.: S02 32.8 kPa 22.4 kPa


Depth ( ft | m) 10 3.0 37 degree 33 degree


Description: Brown silty, clayey Sand (SC-SM) Shear rate : 0.005 (in/min) , 0.0127 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 14.5 135.3 21.3 118.1 18.6 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 14.9 135.9 21.4 118.2 18.6 0.9 45.5 1.4 67.0 1.0 48.8


spec. 2 14.6 139.1 21.9 121.4 19.1 2.0 98.1 2.2 104.9 1.9 92.4


spec. 3 14.5 137.3 21.6 119.9 18.8 4.2 203.3 3.8 183.9 3.2 154.7
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.51 ksf 0.35 ksf


Sample No.: S06 24.3 kPa 17.0 kPa


Depth ( ft | m) 30 9.1 33 degree 34 degree


Description: Reddish brown sandy Clay (CL) Shear rate : 0.002 (in/min) , 0.0051 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 13.8 138.0 21.7 121.2 19.1 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 15.5 138.7 21.8 120.1 18.9 0.9 45.5 1.3 61.8 1.1 53.6


spec. 2 18.1 142.7 22.4 120.8 19.0 2.0 98.1 1.6 75.7 1.5 72.3


spec. 3 20.1 139.7 22.0 116.3 18.3 4.2 203.3 3.3 159.9 3.2 155.1
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.31 ksf


Sample No.: S04 XXXXX kPa 15.0 kPa


Depth ( ft | m) 20 6.1 XXXXX degree 36 degree


Description: Brown clayey Sand (SC) Shear rate : 0.002 (in/min) , 0.0051 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 6.2 124.4 19.5 117.2 18.4 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 15.7 139.7 22.0 120.8 19.0 1.3 62.4 XXXXX XXXXX 1.1 52.7


spec. 2 15.5 141.5 22.2 122.5 19.3 2.7 129.3 XXXXX XXXXX 2.4 113.5


spec. 3 14.4 138.9 21.8 121.5 19.1 5.5 263.0 XXXXX XXXXX 4.5 217.4
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.67 ksf


Sample No.: S02 XXXXX kPa 32.0 kPa


Depth ( ft | m) 11 3.4 XXXXX degree 33 degree


Description: Dark yellowish brown sandy Clay (CL) Shear rate : 0.007 (in/min) , 0.0178 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 12.2 124.7 19.6 111.2 17.5 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 22.2 131.1 20.6 107.3 16.9 0.9 45.4 XXXXX XXXXX 1.0 46.0


spec. 2 21.8 133.3 20.9 109.5 17.2 2.0 97.9 XXXXX XXXXX 2.1 98.2


spec. 3 20.1 137.7 21.6 114.7 18.0 4.2 202.9 XXXXX XXXXX 3.7 176.7
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Friction Angle ( φ ) :
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DIRECT SHEAR TESTSR 91 Retaining Wall 356
URS


30989802 2/18/2008
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.21 ksf


Sample No.: S05 XXXXX kPa 9.9 kPa


Depth ( ft | m) 25 7.6 XXXXX degree 36 degree


Description: Yellowish brown silty Sand (SM) Shear rate : 0.003 (in/min) , 0.0076 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 9.7 127.6 20.1 116.3 18.3 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 15.5 142.0 22.3 122.9 19.3 2.0 98.1 XXXXX XXXXX 1.5 71.3


spec. 2 15.1 137.5 21.6 119.5 18.8 4.2 203.3 XXXXX XXXXX 3.6 170.0


spec. 3 17.3 145.3 22.8 123.9 19.5 8.6 413.6 XXXXX XXXXX 6.3 303.1


ASTM D 3080


Project Number: Date: Figure No.: B-56


Peak Ultimate


SYMBOL


R-07-174
Strength Intercept ( C ) :


Friction Angle ( φ ) :
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URS


30989802 2/22/2008
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.20 ksf 0.22 ksf


Sample No.: S04 9.7 kPa 10.5 kPa


Depth ( ft | m) 21 6.4 37 degree 35 degree


Description: Dark yellowish brown clayey Sand (SC) Shear rate : 0.004 (in/min) , 0.0102 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 10.2 123.9 19.5 112.4 17.7 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 17.4 135.2 21.2 115.2 18.1 2.0 97.9 1.6 75.2 1.5 71.8


spec. 2 16.2 135.7 21.3 116.8 18.4 4.2 202.9 3.7 178.6 3.5 167.1


spec. 3 16.2 138.5 21.8 119.2 18.7 8.6 412.7 6.7 320.3 6.3 299.7


ASTM D 3080


Project Number: Date: Figure No.: B-57


Peak Ultimate


SYMBOL


R-07-180
Strength Intercept ( C ) :


Friction Angle ( φ ) :
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DIRECT SHEAR TESTSR 91 Retaining Wall 370
URS


30989802 2/19/2008
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.20 ksf


Sample No.: S02 XXXXX kPa 9.5 kPa


Depth ( ft | m) 10 3.0 XXXXX degree 37 degree


Description: Dark yellowish brown clayey Sand (SC) Shear rate : 0.001 (in/min) , 0.0025 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 10.7 116.7 18.3 105.4 16.6 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 21.0 131.2 20.6 108.4 17.0 0.4 19.1 XXXXX XXXXX 0.5 23.0


spec. 2 22.4 132.6 20.8 108.3 17.0 0.9 45.4 XXXXX XXXXX 1.0 45.5


spec. 3 24.8 132.7 20.9 106.3 16.7 2.0 97.9 XXXXX XXXXX 1.7 83.3


ASTM D 3080


Project Number: Date: Figure No.: B-58


Peak Ultimate


SYMBOL


R-07-183
Strength Intercept ( C ) :


Friction Angle ( φ ) :
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DIRECT SHEAR TESTSR 91 Retaining Wall 375
URS


30989802 2/11/2008
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.62 ksf 0.44 ksf


Sample No.: S04 29.7 kPa 21.2 kPa


Depth ( ft | m) 20 6.1 35 degree 36 degree


Description: Dark yellowish brown silty Sand (SM) Shear rate : 0.005 (in/min) , 0.0127 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 5.4 117.5 18.5 111.5 17.5 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 20.4 135.6 21.3 112.7 17.7 1.3 62.4 1.6 74.2 1.4 67.0


spec. 2 23.0 132.2 20.8 107.5 16.9 2.7 129.3 2.5 119.2 2.4 114.9


spec. 3 22.0 135.4 21.3 111.0 17.4 5.5 263.0 4.5 214.5 4.5 213.1


ASTM D 3080


Project Number: Date: Figure No.: B-59


Peak Ultimate


SYMBOL


A-07-185
Strength Intercept ( C ) :


Friction Angle ( φ ) :
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30989802 4/29/2008
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 172


Width of the Wall is 6.25 ft


Date: 4/9/2008


Input Parameters (from Input-Output Sheet)


c cohesion 100 psf 4.7880259 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 125 pcf 19.63 kN/m3


B width of foundation 6.25 feet 1.90 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.464 radians 0.464 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.04


Fqs 1.04


Fγs 0.98


Depth Factors


Fcd 1.19


Fqd 1.13


Fγd 1.00


Effects of Water Table


q 375.00 psf 18.0 kPa


γ 125.00 pcf 19.625 kN/m3


Ground Inclination Factors


Fcg 0.22


Fqg 0.25


Fγg 0.25


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 8.3 ksf 398 kPa


qall 2.8 ksf 133 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 172


Width of the Foundation is 6.25 ft


Date: 4/8/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 82 ft 1 0 3 3 125 0.3 NA NA 1300 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 9 6 125 0.3 NA NA 1300 Sand N NA


Depth Interval 0.5 ft 3 9 15.5 6.5 120 0.3 NA NA 800 Sand N NA


Footing Length 400 ft


Footing Width 6.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 200 ft


Calculation Point offset Along Width 3.125 ft


Ground Surface Elevation 844 ft MSL


Foundation Pressure 2800 psf


Net Foundation Pressure 2425 psf Total Layer Thickness 15.5 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.18


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 843.75 125.00 31.25 0.00 31.25 0.30 1300.00 NA NA 0.00 Sand N 31.25 0.000


1 0.5 1 0.75 0 843.25 125.00 93.75 0.00 93.75 0.30 1300.00 NA NA 0.00 Sand N 93.75 0.000


1 1 1.5 1.25 0 842.75 125.00 156.25 0.00 156.25 0.30 1300.00 NA NA 0.00 Sand N 156.25 0.000


1 1.5 2 1.75 0 842.25 125.00 218.75 0.00 218.75 0.30 1300.00 NA NA 0.00 Sand N 218.75 0.000


1 2 2.5 2.25 0 841.75 125.00 281.25 0.00 281.25 0.30 1300.00 NA NA 0.00 Sand N 281.25 0.000


1 2.5 3 2.75 0 841.25 125.00 343.75 0.00 343.75 0.30 1300.00 NA NA 0.00 Sand N 343.75 0.000


2 3 3.5 3.25 0.25 840.75 125.00 406.25 0.00 406.25 0.30 1300.00 NA NA 2359.02 Sand N 406.25 0.011


2 3.5 4 3.75 0.75 840.25 125.00 468.75 0.00 468.75 0.30 1300.00 NA NA 2228.00 Sand N 468.75 0.010


2 4 4.5 4.25 1.25 839.75 125.00 531.25 0.00 531.25 0.30 1300.00 NA NA 2099.78 Sand N 531.25 0.010


2 4.5 5 4.75 1.75 839.25 125.00 593.75 0.00 593.75 0.30 1300.00 NA NA 1975.94 Sand N 593.75 0.009


2 5 5.5 5.25 2.25 838.75 125.00 656.25 0.00 656.25 0.30 1300.00 NA NA 1857.76 Sand N 656.25 0.009


2 5.5 6 5.75 2.75 838.25 125.00 718.75 0.00 718.75 0.30 1300.00 NA NA 1746.14 Sand N 718.75 0.008


2 6 6.5 6.25 3.25 837.75 125.00 781.25 0.00 781.25 0.30 1300.00 NA NA 1641.62 Sand N 781.25 0.008


2 6.5 7 6.75 3.75 837.25 125.00 843.75 0.00 843.75 0.30 1300.00 NA NA 1544.41 Sand N 843.75 0.007


2 7 7.5 7.25 4.25 836.75 125.00 906.25 0.00 906.25 0.30 1300.00 NA NA 1454.45 Sand N 906.25 0.007


2 7.5 8 7.75 4.75 836.25 125.00 968.75 0.00 968.75 0.30 1300.00 NA NA 1371.51 Sand N 968.75 0.006


2 8 8.5 8.25 5.25 835.75 125.00 1031.25 0.00 1031.25 0.30 1300.00 NA NA 1295.22 Sand N 1031.25 0.006


2 8.5 9 8.75 5.75 835.25 125.00 1093.75 0.00 1093.75 0.30 1300.00 NA NA 1225.14 Sand N 1093.75 0.006


3 9 9.5 9.25 6.25 834.75 120.00 1155.00 0.00 1155.00 0.30 800.00 NA NA 1160.80 Sand N 1155.00 0.009


3 9.5 10 9.75 6.75 834.25 120.00 1215.00 0.00 1215.00 0.30 800.00 NA NA 1101.72 Sand N 1215.00 0.008


3 10 10.5 10.25 7.25 833.75 120.00 1275.00 0.00 1275.00 0.30 800.00 NA NA 1047.43 Sand N 1275.00 0.008


3 10.5 11 10.75 7.75 833.25 120.00 1335.00 0.00 1335.00 0.30 800.00 NA NA 997.49 Sand N 1335.00 0.007


3 11 11.5 11.25 8.25 832.75 120.00 1395.00 0.00 1395.00 0.30 800.00 NA NA 951.50 Sand N 1395.00 0.007


3 11.5 12 11.75 8.75 832.25 120.00 1455.00 0.00 1455.00 0.30 800.00 NA NA 909.07 Sand N 1455.00 0.007


3 12 12.5 12.25 9.25 831.75 120.00 1515.00 0.00 1515.00 0.30 800.00 NA NA 869.86 Sand N 1515.00 0.007


3 12.5 13 12.75 9.75 831.25 120.00 1575.00 0.00 1575.00 0.30 800.00 NA NA 833.56 Sand N 1575.00 0.006


3 13 13.5 13.25 10.25 830.75 120.00 1635.00 0.00 1635.00 0.30 800.00 NA NA 799.90 Sand N 1635.00 0.006


3 13.5 14 13.75 10.75 830.25 120.00 1695.00 0.00 1695.00 0.30 800.00 NA NA 768.63 Sand N 1695.00 0.006


3 14 14.5 14.25 11.25 829.75 120.00 1755.00 0.00 1755.00 0.30 800.00 NA NA 739.53 Sand N 1755.00 0.006


3 14.5 15 14.75 11.75 829.25 120.00 1815.00 0.00 1815.00 0.30 800.00 NA NA 712.39 Sand N 1815.00 0.005


3 15 15.5 15.25 12.25 828.75 120.00 1875.00 0.00 1875.00 0.30 800.00 NA NA 687.04 Sand N 1875.00 0.005


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 172\Calculation\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW172 (width 6.25ft) (Elastic Modulus and 1D 
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2.133


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 280 psf


Phi: 32 °


RW 172


Name: Artificial Fill 


Unit Weight: 125 pcf


Cohesion: 100 psf


Phi: 34 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 172 @ Station 172+00


Static Analysis


Surcharge Load = 240 psf


Wall Height = 10 ft


Width of the Wall = 6.25 ft


Distance (feet)
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1.572


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 280 psf


Phi: 32 °


RW 172


Name: Artificial Fill 


Unit Weight: 125 pcf


Cohesion: 100 psf


Phi: 34 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 172 @ Station 172+00


Pseudo Static Analysis


kh=0.147


Surcharge Load = 240 psf


Wall Height = 10 ft


Width of the Wall = 6.25 ft


Distance (feet)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 194


Width of the Wall is 5.25 ft


Date: 4/9/2008


Input Parameters (from Input-Output Sheet)


c cohesion 100 psf 4.7880259 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 125 pcf 19.63 kN/m3


B width of foundation 5.25 feet 1.60 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.464 radians 0.464 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.04


Fqs 1.04


Fγs 0.98


Depth Factors


Fcd 1.23


Fqd 1.15


Fγd 1.00


Effects of Water Table


q 375.00 psf 18.0 kPa


γ 125.00 pcf 19.625 kN/m3


Ground Inclination Factors


Fcg 0.22


Fqg 0.25


Fγg 0.25


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 7.8 ksf 373 kPa


qall 2.6 ksf 124 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 194


Width of the Foundation is 5.25 ft


Date: 4/9/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 96 ft 1 0 3 3 125 0.3 NA NA 1300 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 13.5 10.5 125 0.3 NA NA 1300 Sand N NA


Depth Interval 0.5 ft


Footing Length 400 ft


Footing Width 5.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 200 ft


Calculation Point offset Along Width 2.625 ft


Ground Surface Elevation 858 ft MSL


Foundation Pressure 2600 psf


Net Foundation Pressure 2225 psf Total Layer Thickness 13.5 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.12


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 857.75 125.00 31.25 0.00 31.25 0.30 1300.00 NA NA 0.00 Sand N 31.25 0.000


1 0.5 1 0.75 0 857.25 125.00 93.75 0.00 93.75 0.30 1300.00 NA NA 0.00 Sand N 93.75 0.000


1 1 1.5 1.25 0 856.75 125.00 156.25 0.00 156.25 0.30 1300.00 NA NA 0.00 Sand N 156.25 0.000


1 1.5 2 1.75 0 856.25 125.00 218.75 0.00 218.75 0.30 1300.00 NA NA 0.00 Sand N 218.75 0.000


1 2 2.5 2.25 0 855.75 125.00 281.25 0.00 281.25 0.30 1300.00 NA NA 0.00 Sand N 281.25 0.000


1 2.5 3 2.75 0 855.25 125.00 343.75 0.00 343.75 0.30 1300.00 NA NA 0.00 Sand N 343.75 0.000


2 3 3.5 3.25 0.25 854.75 125.00 406.25 0.00 406.25 0.30 1300.00 NA NA 2152.95 Sand N 406.25 0.010


2 3.5 4 3.75 0.75 854.25 125.00 468.75 0.00 468.75 0.30 1300.00 NA NA 2010.31 Sand N 468.75 0.009


2 4 4.5 4.25 1.25 853.75 125.00 531.25 0.00 531.25 0.30 1300.00 NA NA 1871.92 Sand N 531.25 0.009


2 4.5 5 4.75 1.75 853.25 125.00 593.75 0.00 593.75 0.30 1300.00 NA NA 1740.07 Sand N 593.75 0.008


2 5 5.5 5.25 2.25 852.75 125.00 656.25 0.00 656.25 0.30 1300.00 NA NA 1616.40 Sand N 656.25 0.007


2 5.5 6 5.75 2.75 852.25 125.00 718.75 0.00 718.75 0.30 1300.00 NA NA 1501.86 Sand N 718.75 0.007


2 6 6.5 6.25 3.25 851.75 125.00 781.25 0.00 781.25 0.30 1300.00 NA NA 1396.82 Sand N 781.25 0.006


2 6.5 7 6.75 3.75 851.25 125.00 843.75 0.00 843.75 0.30 1300.00 NA NA 1301.15 Sand N 843.75 0.006


2 7 7.5 7.25 4.25 850.75 125.00 906.25 0.00 906.25 0.30 1300.00 NA NA 1214.41 Sand N 906.25 0.006


2 7.5 8 7.75 4.75 850.25 125.00 968.75 0.00 968.75 0.30 1300.00 NA NA 1135.97 Sand N 968.75 0.005


2 8 8.5 8.25 5.25 849.75 125.00 1031.25 0.00 1031.25 0.30 1300.00 NA NA 1065.12 Sand N 1031.25 0.005


2 8.5 9 8.75 5.75 849.25 125.00 1093.75 0.00 1093.75 0.30 1300.00 NA NA 1001.10 Sand N 1093.75 0.005


2 9 9.5 9.25 6.25 848.75 125.00 1156.25 0.00 1156.25 0.30 1300.00 NA NA 943.21 Sand N 1156.25 0.004


2 9.5 10 9.75 6.75 848.25 125.00 1218.75 0.00 1218.75 0.30 1300.00 NA NA 890.76 Sand N 1218.75 0.004


2 10 10.5 10.25 7.25 847.75 125.00 1281.25 0.00 1281.25 0.30 1300.00 NA NA 843.16 Sand N 1281.25 0.004


2 10.5 11 10.75 7.75 847.25 125.00 1343.75 0.00 1343.75 0.30 1300.00 NA NA 799.85 Sand N 1343.75 0.004


2 11 11.5 11.25 8.25 846.75 125.00 1406.25 0.00 1406.25 0.30 1300.00 NA NA 760.34 Sand N 1406.25 0.004


2 11.5 12 11.75 8.75 846.25 125.00 1468.75 0.00 1468.75 0.30 1300.00 NA NA 724.22 Sand N 1468.75 0.003


2 12 12.5 12.25 9.25 845.75 125.00 1531.25 0.00 1531.25 0.30 1300.00 NA NA 691.11 Sand N 1531.25 0.003


2 12.5 13 12.75 9.75 845.25 125.00 1593.75 0.00 1593.75 0.30 1300.00 NA NA 660.67 Sand N 1593.75 0.003


2 13 13.5 13.25 10.25 844.75 125.00 1656.25 0.00 1656.25 0.30 1300.00 NA NA 632.63 Sand N 1656.25 0.003


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 194\Calculation\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW194 (width 5.25ft) (Elastic Modulus and 1D 
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2.418


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 190 psf
Phi: 30 °


RW 194


Name: Artificial Fill 
Unit Weight: 125 pcf
Cohesion: 100 psf
Phi: 34 °


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 194 @ Station 195+00
Static Analysis


Surcharge Load = 240 psf


Wall Height = 8 ft
Width of the Wall = 5.25 ft


Distance (feet)
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1.816


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 190 psf
Phi: 30 °


RW 194


Name: Artificial Fill 
Unit Weight: 125 pcf
Cohesion: 100 psf
Phi: 34 °


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 194 @ Station 195+00
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 8 ft
Width of the Wall = 5.25 ft


Distance (feet)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 198


Width of the Wall is 5.25 ft


Date: 4/10/2008


Input Parameters (from Input-Output Sheet)


c cohesion 100 psf 4.7880259 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 125 pcf 19.63 kN/m3


B width of foundation 5.25 feet 1.60 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.464 radians 0.464 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.04


Fqs 1.04


Fγs 0.98


Depth Factors


Fcd 1.23


Fqd 1.15


Fγd 1.00


Effects of Water Table


q 375.00 psf 18.0 kPa


γ 125.00 pcf 19.625 kN/m3


Ground Inclination Factors


Fcg 0.22


Fqg 0.25


Fγg 0.25


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 7.8 ksf 373 kPa


qall 2.6 ksf 124 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 198


Width of the Foundation is 5.25 ft


Date: 4/10/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 101 ft 1 0 3 3 125 0.3 NA NA 550 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 8 5 125 0.3 NA NA 550 Clay N NA


Depth Interval 0.5 ft 3 8 76 68 120 0.3 NA NA 750 Clay N NA


Footing Length 400 ft


Footing Width 5.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 200 ft


Calculation Point offset Along Width 2.625 ft


Ground Surface Elevation 863 ft MSL


Foundation Pressure 2600 psf


Net Foundation Pressure 2225 psf Total Layer Thickness 76 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.25


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 862.75 125.00 31.25 0.00 31.25 0.30 550.00 NA NA 0.00 Clay N 31.25 0.000


1 0.5 1 0.75 0 862.25 125.00 93.75 0.00 93.75 0.30 550.00 NA NA 0.00 Clay N 93.75 0.000


1 1 1.5 1.25 0 861.75 125.00 156.25 0.00 156.25 0.30 550.00 NA NA 0.00 Clay N 156.25 0.000


1 1.5 2 1.75 0 861.25 125.00 218.75 0.00 218.75 0.30 550.00 NA NA 0.00 Clay N 218.75 0.000


1 2 2.5 2.25 0 860.75 125.00 281.25 0.00 281.25 0.30 550.00 NA NA 0.00 Clay N 281.25 0.000


1 2.5 3 2.75 0 860.25 125.00 343.75 0.00 343.75 0.30 550.00 NA NA 0.00 Clay N 343.75 0.000


2 3 3.5 3.25 0.25 859.75 125.00 406.25 0.00 406.25 0.30 550.00 NA NA 2152.95 Clay N 406.25 0.023


2 3.5 4 3.75 0.75 859.25 125.00 468.75 0.00 468.75 0.30 550.00 NA NA 2010.31 Clay N 468.75 0.022


2 4 4.5 4.25 1.25 858.75 125.00 531.25 0.00 531.25 0.30 550.00 NA NA 1871.92 Clay N 531.25 0.020


2 4.5 5 4.75 1.75 858.25 125.00 593.75 0.00 593.75 0.30 550.00 NA NA 1740.07 Clay N 593.75 0.019


2 5 5.5 5.25 2.25 857.75 125.00 656.25 0.00 656.25 0.30 550.00 NA NA 1616.40 Clay N 656.25 0.018


2 5.5 6 5.75 2.75 857.25 125.00 718.75 0.00 718.75 0.30 550.00 NA NA 1501.86 Clay N 718.75 0.016


2 6 6.5 6.25 3.25 856.75 125.00 781.25 0.00 781.25 0.30 550.00 NA NA 1396.82 Clay N 781.25 0.015


2 6.5 7 6.75 3.75 856.25 125.00 843.75 0.00 843.75 0.30 550.00 NA NA 1301.15 Clay N 843.75 0.014


2 7 7.5 7.25 4.25 855.75 125.00 906.25 0.00 906.25 0.30 550.00 NA NA 1214.41 Clay N 906.25 0.013


2 7.5 8 7.75 4.75 855.25 125.00 968.75 0.00 968.75 0.30 550.00 NA NA 1135.97 Clay N 968.75 0.012


3 8 8.5 8.25 5.25 854.75 120.00 1030.00 0.00 1030.00 0.30 750.00 NA NA 1065.12 Clay N 1030.00 0.009


3 8.5 9 8.75 5.75 854.25 120.00 1090.00 0.00 1090.00 0.30 750.00 NA NA 1001.10 Clay N 1090.00 0.008


3 9 9.5 9.25 6.25 853.75 120.00 1150.00 0.00 1150.00 0.30 750.00 NA NA 943.21 Clay N 1150.00 0.008


3 9.5 10 9.75 6.75 853.25 120.00 1210.00 0.00 1210.00 0.30 750.00 NA NA 890.76 Clay N 1210.00 0.007


3 10 10.5 10.25 7.25 852.75 120.00 1270.00 0.00 1270.00 0.30 750.00 NA NA 843.16 Clay N 1270.00 0.007


3 10.5 11 10.75 7.75 852.25 120.00 1330.00 0.00 1330.00 0.30 750.00 NA NA 799.85 Clay N 1330.00 0.006


3 11 11.5 11.25 8.25 851.75 120.00 1390.00 0.00 1390.00 0.30 750.00 NA NA 760.34 Clay N 1390.00 0.006


3 11.5 12 11.75 8.75 851.25 120.00 1450.00 0.00 1450.00 0.30 750.00 NA NA 724.22 Clay N 1450.00 0.006


3 12 12.5 12.25 9.25 850.75 120.00 1510.00 0.00 1510.00 0.30 750.00 NA NA 691.11 Clay N 1510.00 0.006


3 12.5 13 12.75 9.75 850.25 120.00 1570.00 0.00 1570.00 0.30 750.00 NA NA 660.67 Clay N 1570.00 0.005


3 13 13.5 13.25 10.25 849.75 120.00 1630.00 0.00 1630.00 0.30 750.00 NA NA 632.63 Clay N 1630.00 0.005


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\RW 198\Calculation\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW198 (width 5.25ft) (Elastic Modulus and 1D Consolid)1 of 1
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2.430


Name: Artificial Fill 


Unit Weight: 125 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 400 psf


Phi: 31 °


Surcharge Load = 240 psf


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 198 @ Station 199+00


Static Analysis


Wall Height = 8 ft


Width of the Wall = 5.25 ft


Distance (feet)
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1.801


Name: Artificial Fill 


Unit Weight: 125 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 400 psf


Phi: 31 °


Surcharge Load = 240 psf


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 198 @ Station 199+00


Pseudo Static Analysis


kh = 0.147


Wall Height = 8 ft


Width of the Wall = 5.25 ft


Distance (feet)


0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150


E
le


v
a
ti
o
n
 (


ft
 M


S
L
)


830


835


840


845


850


855


860


865


870







0


10


20


30


40


50


60


70


80


0 50 100 150 200 250 300 350 400 450 500


Ultimate Pile Capacity, kips
D


e
p


th
 b


e
lo


w
 G


ro
u


n
d


 S
u


rf
a
c
e
, 


fe
e
t


785


795


805


815


825


835


845


855


865


E
le


v
a
ti


o
n


, 
fe


e
t


Project No. 30989802 June 2008 State Route 91 Soundwalls and Retaining Walls Fig. 1


Note: Pile is Class 90 Con. Alt "Y" 


Displacement Friction Concrete. 


Diameter = 1.25 ft. Pile batter is 0 


degrees.


Ultimate Axial Compression and Tension Capacity of Driven Pile for Retaining Wall 198


Note that end bearing is zero, so the total 


capacity in compression equals the 


friction capacity in compression.


Tension


Compression







State Route 91 Soundwalls and Retaining Walls Date: 6/4/2008


Retaining Wall 198


Pile Type
Existing/   


Proposed


Pile Head 


Condition


Moment of 


Inertia                


(in
4
)


Pile Head 


Deflection          


(in)


Lateral 


Load 


per 


Single 


pile 


(kips)


Group 


Lateral 


Load 


per pile 


(kips)


Mmax       


(lbs . in)


Mmax       


(kips-in)


Depth to 


Mmax        


(in)


Free 2485 0.25 11.5 11.5 367399 367 54


0.50 19.2 19.2 647325 647 60


1.00 30.4 30.4 1146888 1147 60


Sloping ground and Pile Spacing >= 5d


Proposed
Class 90 Alt "Y" 


Concrete Pile







Shear Force (kips)


State Route 91 Soundwalls and Retaining Walls - Retaining Wall 198 - Free Head
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RW 198 Lateral Pile Capacity SHEAR - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 198\Calculation\Lateral Pile Capacity\
Name of input data file:     RW 198 Lateral Pile Capacity SHEAR - Free Head.lpd
Name of output file:         RW 198 Lateral Pile Capacity SHEAR - Free Head.lpo
Name of plot output file:    RW 198 Lateral Pile Capacity SHEAR - Free Head.lpp
Name of runtime file:        RW 198 Lateral Pile Capacity SHEAR - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  4, 2008     Time:   9:41: 3


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Only summary tables of pile-head deflection, maximum bending moment,
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RW 198 Lateral Pile Capacity SHEAR - Free Head
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -60.00 in


Slope angle of ground surface             =      26.60 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  7 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       59.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       59.000 in
Distance from top of pile to bottom of layer =      245.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      245.000 in
Distance from top of pile to bottom of layer =      299.000 in


Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      299.000 in
Distance from top of pile to bottom of layer =      419.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  5 is stiff clay without free water
Distance from top of pile to top of layer    =      419.000 in
Distance from top of pile to bottom of layer =      485.000 in


Layer  6 is silt with cohesion and friction
Distance from top of pile to top of layer    =      485.000 in
Distance from top of pile to bottom of layer =      779.000 in
p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3


Layer  7 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      779.000 in
Distance from top of pile to bottom of layer =      872.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


(Depth of lowest layer extends  272.00 in below pile tip)
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RW 198 Lateral Pile Capacity SHEAR - Free Head


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 14 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00         .07200
  2            59.00         .07200
  3            59.00         .06900
  4           245.00         .06900
  5           245.00         .06900
  6           299.00         .06900
  7           299.00         .06900
  8           419.00         .06900
  9           419.00         .06900
 10           485.00         .06900
 11           485.00         .06900
 12           779.00         .06900
 13           779.00         .06900
 14           872.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 14 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000         .00000           34.00           ------    ------
  2       59.000         .00000           34.00           ------    ------
  3       59.000         .00000           31.00           ------    ------
  4      245.000         .00000           31.00           ------    ------
  5      245.000       26.90000             .00           .00500        .0
  6      299.000       26.90000             .00           .00500        .0
  7      299.000         .00000           31.00           ------    ------
  8      419.000         .00000           31.00           ------    ------
  9      419.000       16.70000             .00           .00500        .0
 10      485.000       16.70000             .00           .00500        .0
 11      485.000        2.85000           31.00           .00500        .0
 12      779.000        2.85000           31.00           .00500        .0
 13      779.000         .00000           34.00           ------    ------
 14      872.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
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RW 198 Lateral Pile Capacity SHEAR - Free Head
  1             .000          .8500         1.0000
  2          600.000          .8500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs
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RW 198 Lateral Pile Capacity SHEAR - Free Head
Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     348445.  11547.2920
  4  y=   .500000 M=     0.000  90000.0000    .5000000     615482.  19239.4679
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000    1090927.  30449.0087


The analysis ended normally. 
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State Route 91 Soundwalls and Retaining Walls - Retaining Wall 198 - Free Head
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RW 198 Lateral Pile Capacity MOMENT - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 198\Calculation\Lateral Pile Capacity\
Name of input data file:     RW 198 Lateral Pile Capacity MOMENT - Free Head.lpd
Name of output file:         RW 198 Lateral Pile Capacity MOMENT - Free Head.lpo
Name of plot output file:    RW 198 Lateral Pile Capacity MOMENT - Free Head.lpp
Name of runtime file:        RW 198 Lateral Pile Capacity MOMENT - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  4, 2008     Time:   9:48: 5


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
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RW 198 Lateral Pile Capacity MOMENT - Free Head
- Printing Increment (spacing of output points) =  1


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -60.00 in


Slope angle of ground surface             =      26.60 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  7 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       59.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       59.000 in
Distance from top of pile to bottom of layer =      245.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      245.000 in
Distance from top of pile to bottom of layer =      299.000 in


Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      299.000 in
Distance from top of pile to bottom of layer =      419.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  5 is stiff clay without free water
Distance from top of pile to top of layer    =      419.000 in
Distance from top of pile to bottom of layer =      485.000 in


Layer  6 is silt with cohesion and friction
Distance from top of pile to top of layer    =      485.000 in
Distance from top of pile to bottom of layer =      779.000 in
p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3


Layer  7 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      779.000 in
Distance from top of pile to bottom of layer =      872.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


(Depth of lowest layer extends  272.00 in below pile tip)
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------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 14 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00         .07200
  2            59.00         .07200
  3            59.00         .06900
  4           245.00         .06900
  5           245.00         .06900
  6           299.00         .06900
  7           299.00         .06900
  8           419.00         .06900
  9           419.00         .06900
 10           485.00         .06900
 11           485.00         .06900
 12           779.00         .06900
 13           779.00         .06900
 14           872.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 14 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000         .00000           34.00           ------    ------
  2       59.000         .00000           34.00           ------    ------
  3       59.000         .00000           31.00           ------    ------
  4      245.000         .00000           31.00           ------    ------
  5      245.000       26.90000             .00           .00500        .0
  6      299.000       26.90000             .00           .00500        .0
  7      299.000         .00000           31.00           ------    ------
  8      419.000         .00000           31.00           ------    ------
  9      419.000       16.70000             .00           .00500        .0
 10      485.000       16.70000             .00           .00500        .0
 11      485.000        2.85000           31.00           .00500        .0
 12      779.000        2.85000           31.00           .00500        .0
 13      779.000         .00000           34.00           ------    ------
 14      872.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
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  1             .000          .9500         1.0000
  2          600.000          .9500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000  12484.9521   -.0039904    508.4746   -183.8127   2205.7520
   6.000   .226058  73755.8915  11332.2667   -.0039630    731.0779   -200.4158   5319.4157
  12.000   .202444     140267.  10090.6911   -.0038835    931.8163   -213.4427   6325.9726
  18.000   .179456     199038.   8773.3290   -.0037574   1109.1939   -225.6780   7545.4082
  24.000   .157355     249605.   7382.0141   -.0035908   1261.8102   -238.0936   9078.6024
  30.000   .136366     291501.   5925.8015   -.0033898   1388.2550   -247.3106  10881.4462
  36.000   .116677     324376.   4424.8382   -.0031610   1487.4760   -253.0106  13010.7871
  42.000   .098434     348013.   2900.9597   -.0029113   1558.8142   -254.9489  15540.2787
  48.000   .081742     362331.   1377.2485   -.0026474   1602.0304   -252.9548  18567.2612
  54.000   .066665     367399.   -122.3932   -.0023763   1617.3238   -246.9257  22223.7357
  60.000   .053226     363429.  -1276.2517   -.0021049   1605.3434   -137.6938  15521.7020
  66.000   .041407     354357.  -2083.0080   -.0018382   1577.9623   -131.2250  19014.8233
  72.000   .031168     340418.  -2842.4908   -.0015801   1535.8943   -121.9360  23473.6117
  78.000   .022445     321954.  -3537.6309   -.0013341   1480.1655   -109.7774  29345.1611
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  84.000   .015158     299408.  -4150.8759   -.0011033   1412.1194    -94.6376  37459.4986
  90.000   .009206     273335.  -4663.3489   -.0008905   1333.4282    -76.1868  49654.9068
  96.000   .004472     244409.  -5048.3493   -.0006982   1246.1282    -52.1467  69965.6260
 102.000   .000827     213509.  -5235.0051   -.0005281   1152.8665    -10.0719  73043.6260
 108.000  -.001866     182160.  -5194.2171   -.0003811   1058.2519     23.6679  76121.6260
 114.000  -.003746     151590.  -4974.8562   -.0002572    965.9883     49.4524  79199.6260
 120.000  -.004952     122739.  -4622.7965   -.0001553    878.9143     67.9008  82277.6260
 126.000  -.005610  96283.6774  -4179.6867 -7.3911E-05    799.0692     79.8025  85355.6260
 132.000  -.005839  72662.6004  -3682.1185 -1.1155E-05    727.7782     86.0536  88433.6260
 138.000  -.005744  52110.3026  -3161.1591  3.5194E-05    665.7491     87.5995  91511.6260
 144.000  -.005416  34690.6822  -2642.2024  6.7437E-05    613.1748     85.3860  94589.6260
 150.000  -.004934  20331.0421  -2145.0854  8.7875E-05    569.8359     80.3196  97667.6260
 156.000  -.004362   8854.7521  -1684.4155  9.8716E-05    535.1992     73.2370     100746.
 162.000  -.003750     11.4429  -1270.0523    .0001020    508.5091     64.8840     103824.
 168.000  -.003138  -6496.0463   -907.6939  9.9601E-05    528.0803     55.9021     106902.
 174.000  -.002554 -10988.4526   -599.5184  9.3106E-05    541.6389     46.8230     109980.
 180.000  -.002020 -13790.8215   -344.8435  8.3902E-05    550.0968     38.0686     113058.
 186.000  -.001548 -15217.1889   -140.7699  7.3126E-05    554.4017     29.9560     116136.
 192.000  -.001143 -15559.0369     17.2163  6.1694E-05    555.4334     22.7061     119214.
 198.000  -.000807 -15077.2231    134.6980  5.0314E-05    553.9793     16.4545     122292.
 204.000  -.000539 -13996.9999    217.8501  3.9514E-05    550.7190     11.2629     125370.
 210.000  -.000333 -12505.6969    273.0341  2.9670E-05    546.2181      7.1318     128448.
 216.000  -.000183 -10752.6337    306.4634  2.1030E-05    540.9272      4.0113     131526.
 222.000 -8.08E-05  -8850.8486    323.9338  1.3748E-05    535.1874      1.8121     134604.
 228.000 -1.80E-05  -6880.2759    330.6103  7.9046E-06    529.2400    .4133738     137682.
 234.000  1.41E-05  -4892.0616    330.8596  3.5317E-06    523.2393   -.3302879     140760.
 240.000  2.44E-05  -2913.7750    328.1164  6.3210E-07    517.2687   -.5841129     143838.
 246.000  2.17E-05   -955.3476    247.6911 -8.0512E-07    511.3579    -26.2243    7263000.
 252.000  1.47E-05     59.3883    115.6205 -1.1379E-06    508.6538    -17.7993    7263000.
 258.000  8.01E-06    433.3269     33.1387 -9.5491E-07    509.7824     -9.6947    7263000.
 264.000  3.25E-06    458.0835     -7.7301 -6.2379E-07    509.8571     -3.9282    7263000.
 270.000  5.23E-07    341.2397    -21.4154 -3.2687E-07    509.5045   -.6335408    7263000.
 276.000 -6.77E-07    201.4516    -20.8564 -1.2528E-07    509.0826    .8198883    7263000.
 282.000 -9.80E-07     91.0986    -14.8377 -1.6612E-08    508.7495      1.1863    7263000.
 288.000 -8.77E-07     23.4166     -8.0952  2.5925E-08    508.5453      1.0612    7263000.
 294.000 -6.69E-07     -6.0715     -2.4824  3.2368E-08    508.4929    .8097302    7263000.
 300.000 -4.88E-07     -6.4069   -.0176083  2.7733E-08    508.4939    .0118607     145756.
 306.000 -3.36E-07     -6.3128    .0429873  2.3008E-08    508.4936    .0083378     148834.
 312.000 -2.12E-07     -5.9159    .0841144  1.8466E-08    508.4924    .0053712     151912.
 318.000 -1.15E-07     -5.3233    .1091041  1.4291E-08    508.4906    .0029587     154990.
 324.000 -4.07E-08     -4.6221    .1211932  1.0597E-08    508.4885    .0010711     158068.
 330.000  1.26E-08     -3.8805    .1233894  7.4382E-09    508.4863   -.0003390     161146.
 336.000  4.86E-08     -3.1495    .1183815  4.8269E-09    508.4841   -.0013303     164224.
 342.000  7.05E-08     -2.4651    .1084895  2.7413E-09    508.4820   -.0019670     167302.
 348.000  8.15E-08     -1.8505    .0956456  1.1382E-09    508.4802   -.0023143     170380.
 354.000  8.42E-08     -1.3186    .0814000 -3.8997E-11    508.4786   -.0024343     173458.
 360.000  8.10E-08   -.8736993    .0669448 -8.5334E-10    508.4772   -.0023841     176536.
 366.000  7.40E-08   -.5143087    .0531500 -1.3689E-09    508.4761   -.0022141     179614.
 372.000  6.46E-08   -.2344203    .0406065 -1.6470E-09    508.4753   -.0019671     182692.
 378.000  5.42E-08   -.0252525    .0296710 -1.7435E-09    508.4747   -.0016781     185770.
 384.000  4.37E-08    .1235150    .0205123 -1.7070E-09    508.4749   -.0013748     188848.
 390.000  3.37E-08    .2227387    .0131525 -1.5784E-09    508.4752   -.0010784     191926.
 396.000  2.47E-08    .2830492    .0075049 -1.3905E-09    508.4754   -.0008041     195004.
 402.000  1.70E-08    .3142994    .0034062 -1.1686E-09    508.4755   -.0005622     198082.
 408.000  1.07E-08    .3251856    .0006418 -9.3107E-10    508.4756   -.0003593     201160.
 414.000  5.86E-09    .3230065   -.0010341 -6.9029E-10    508.4756   -.0001993     204238.
 420.000  2.43E-09    .3135225   -.0071182 -4.5385E-10    508.4755   -.0018287    4509000.
 426.000  4.09E-10    .2380783   -.0135268 -2.4895E-10    508.4753   -.0003074    4509000.
 432.000 -5.54E-10    .1514703   -.0132001 -1.0425E-10    508.4750    .0004163    4509000.
 438.000 -8.42E-10    .0797891   -.0100531 -1.8347E-11    508.4748    .0006327    4509000.
 444.000 -7.74E-10    .0308525   -.0064098  2.2751E-11    508.4747    .0005818    4509000.
 450.000 -5.69E-10    .0028475   -.0033819  3.5270E-11    508.4746    .0004275    4509000.
 456.000 -3.51E-10   -.0097682   -.0013082  3.2699E-11    508.4746    .0002637    4509000.
 462.000 -1.76E-10   -.0128864   -.0001192  2.4284E-11    508.4746    .0001326    4509000.
 468.000 -5.95E-11   -.0112245    .0004129  1.5327E-11    508.4746  4.4723E-05    4509000.
 474.000  7.44E-12   -.0079481    .0005303  8.2056E-12    508.4746 -5.5879E-06    4509000.
 480.000  3.90E-11   -.0048696    .0004257  3.4443E-12    508.4746 -2.9275E-05    4509000.
 486.000  4.88E-11   -.0028431    .0002934  5.7940E-13    508.4746 -1.4824E-05    1823775.
 492.000  4.59E-11   -.0013491    .0002063 -9.7780E-13    508.4746 -1.4216E-05    1857975.
 498.000  3.70E-11   -.0003663    .0001286 -1.6150E-12    508.4746 -1.1679E-05    1892175.
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 504.000  2.65E-11    .0001962  6.8038E-05 -1.6781E-12    508.4746 -8.5172E-06    1926375.
 510.000  1.69E-11    .0004520  2.5923E-05 -1.4373E-12    508.4746 -5.5212E-06    1960575.
 516.000  9.28E-12    .0005089  1.0413E-07 -1.0804E-12    508.4746 -3.0852E-06    1994775.
 522.000  3.93E-12    .0004544 -1.3140E-05 -7.2260E-13    508.4746 -1.3295E-06    2028975.
 528.000  6.09E-13    .0003520 -1.7757E-05 -4.2306E-13    508.4746 -2.0934E-07    2063175.
 534.000 -1.15E-12    .0002418 -1.7184E-05 -2.0250E-13    508.4746  4.0031E-07    2097375.
 540.000 -1.82E-12    .0001460 -1.4042E-05 -5.8463E-14    508.4746  6.4703E-07    2131575.
 546.000 -1.85E-12  7.3366E-05 -1.0101E-05  2.3011E-14    508.4746  6.6660E-07    2165775.
 552.000 -1.55E-12  2.4733E-05 -6.4014E-06  5.9451E-14    508.4746  5.6655E-07    2199975.
 558.000 -1.13E-12 -3.5142E-06 -3.4357E-06  6.7333E-14    508.4746  4.2201E-07    2234175.
 564.000 -7.37E-13 -1.6568E-05 -1.3336E-06  5.9873E-14    508.4746  2.7869E-07    2268375.
 570.000 -4.15E-13 -1.9582E-05 -1.9934E-08  4.6445E-14    508.4746  1.5920E-07    2302575.
 576.000 -1.80E-13 -1.6857E-05  6.6777E-07  3.2909E-14    508.4746  7.0034E-08    2336775.
 582.000 -1.99E-14 -1.1605E-05  9.0151E-07  2.2336E-14    508.4746  7.8795E-09    2370975.
 588.000  8.82E-14 -6.0633E-06  8.1906E-07  1.5773E-14    508.4746 -3.5362E-08    2405175.
 594.000  1.69E-13 -1.7928E-06  5.0644E-07  1.2855E-14    508.4746 -6.8848E-08    2439375.
 600.000  2.42E-13      0.0000      0.0000  1.2189E-14    508.4746 -9.9964E-08    1236787.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  1:


Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00399038
Maximum bending moment           =   367398.69980 lbs-in
Maximum shear force              =    12484.95212 lbs
Depth of maximum bending moment  =    54.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              8
Number of zero deflection points =              8


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  20799.1560   -.0075044    508.4746   -286.4703   1718.8218
   6.000   .454973     123691.  19000.7167   -.0074585    881.7871   -313.0095   4127.8389
  12.000   .410498     236064.  17056.6121   -.0073249   1220.9407   -335.0254   4896.8616
  18.000   .367075     336281.  14987.4872   -.0071123   1523.4073   -354.6829   5797.4445
  24.000   .325151     423595.  12803.9709   -.0068300   1786.9299   -373.1559   6885.8311
  30.000   .285115     497305.  10520.3840   -.0064879   2009.3954   -388.0398   8165.9583
  36.000   .247296     556846.   8157.8531   -.0060963   2189.0975   -399.4705   9692.1196
  42.000   .211959     601783.   5740.1709   -.0056660   2324.7222   -406.4236  11504.7731
  48.000   .179305     631848.   3297.4776   -.0052077   2415.4596   -407.8075  13646.3049
  54.000   .149467     646977.    863.8085   -.0047327   2461.1228   -403.4155  16194.2099
  60.000   .122512     647325.  -1032.1755   -.0042519   2462.1708   -228.5792  11194.5773
  66.000   .098444     639183.  -2384.4219   -.0037740   2437.5995   -222.1697  13540.9061
  72.000   .077224     622788.  -3686.0059   -.0033052   2388.1151   -211.6917  16447.5467
  78.000   .058781     598521.  -4912.4103   -.0028516   2314.8759   -197.1098  20119.7928
  84.000   .043005     566918.  -6038.9311   -.0024187   2219.4957   -178.3971  24889.5155
  90.000   .029757     528666.  -7040.5208   -.0020117   2104.0459   -155.4661  31347.2062
  96.000   .018865     484605.  -7890.9284   -.0016353   1971.0643   -128.0031  40711.2874
 102.000   .010133     435741.  -8559.8641   -.0012934   1823.5881    -94.9754  56236.0189
 108.000   .003344     383283.  -8972.0570   -.0009892   1665.2651    -42.4222  76121.6260
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 114.000  -.001737     329145.  -9030.5309   -.0007246   1501.8688     22.9309  79199.6260
 120.000  -.005351     275699.  -8741.6045   -.0004999   1340.5654     73.3779  82277.6260
 126.000  -.007736     224785.  -8191.3209   -.0003140   1186.9008    110.0500  85355.6260
 132.000  -.009119     177743.  -7457.9689   -.0001645   1044.9213    134.4007  88433.6260
 138.000  -.009709     135467.  -6610.5079 -4.8112E-05    917.3294    148.0863  91511.6260
 144.000  -.009696  98468.5336  -5707.6742  3.8786E-05    805.6633    152.8583  94589.6260
 150.000  -.009244  66933.2408  -4797.6840    .0001002    710.4864    150.4718  97667.6260
 156.000  -.008493  40788.0815  -3918.4332    .0001402    631.5774    142.6118     100746.
 162.000  -.007561  19760.5826  -3098.0912    .0001627    568.1142    130.8356     103824.
 168.000  -.006541   3435.2373  -2355.9841    .0001713    518.8425    116.5334     106902.
 174.000  -.005505  -8696.2823  -1703.6728    .0001694    534.7209    100.9037     109980.
 180.000  -.004508 -17191.7818  -1146.1370    .0001598    560.3612     84.9416     113058.
 186.000  -.003588 -22622.4862   -682.9923    .0001450    576.7517     69.4400     116136.
 192.000  -.002768 -25544.2759   -309.6794    .0001271    585.5700     54.9976     119214.
 198.000  -.002062 -26475.9028    -18.5807    .0001078    588.3817     42.0353     122292.
 204.000  -.001475 -25883.6387    199.9696  8.8323E-05    586.5942     30.8148     125370.
 210.000  -.001003 -24171.6562    356.7987  6.9729E-05    581.4273     21.4615     128448.
 216.000  -.000638 -21677.3625    463.1397  5.2698E-05    573.8992     13.9855     131526.
 222.000  -.000370 -18670.8938    530.0061  3.7711E-05    564.8254      8.3033     134604.
 228.000  -.000185 -15358.0171    567.6838  2.5070E-05    554.8267      4.2560     137682.
 234.000 -6.93E-05 -11885.7645    585.3274  1.4950E-05    544.3471      1.6252     140760.
 240.000 -6.07E-06  -8350.2351    590.6393  7.4335E-06    533.6765    .1454049     143838.
 246.000  1.99E-05  -4806.1212    518.7178  2.5465E-06    522.9800    -24.1192    7263000.
 252.000  2.45E-05  -2128.3718    357.4171 -2.9430E-08    514.8982    -29.6476    7263000.
 258.000  1.96E-05   -517.0839    197.3990 -1.0121E-06    510.0352    -23.6917    7263000.
 264.000  1.23E-05    241.5088     81.4865 -1.1145E-06    509.2035    -14.9457    7263000.
 270.000  6.20E-06    461.9581     14.1407 -8.5317E-07    509.8688     -7.5029    7263000.
 276.000  2.11E-06    412.1184    -16.0259 -5.2848E-07    509.7184     -2.5527    7263000.
 282.000 -1.44E-07    270.2175    -23.1624 -2.7502E-07    509.2901    .1738401    7263000.
 288.000 -1.19E-06    134.4665    -18.3140 -1.2470E-07    508.8804      1.4423    7263000.
 294.000 -1.64E-06     50.5842     -8.0315 -5.5958E-08    508.6272      1.9852    7263000.
 300.000 -1.86E-06     38.1486     -1.9383 -2.2998E-08    508.5897    .0458751     147747.
 306.000 -1.92E-06     27.3492     -1.6562  1.3319E-09    508.5571    .0481621     150825.
 312.000 -1.85E-06     18.2726     -1.3696  1.8279E-08    508.5297    .0473765     153903.
 318.000 -1.70E-06     10.8943     -1.0943  2.9113E-08    508.5075    .0443891     156981.
 324.000 -1.50E-06      5.1096   -.8412757  3.5058E-08    508.4900    .0399520     160059.
 330.000 -1.28E-06    .7611033   -.6173452  3.7238E-08    508.4769    .0346915     163137.
 336.000 -1.05E-06     -2.3388   -.4259423  3.6652E-08    508.4816    .0291095     166215.
 342.000 -8.36E-07     -4.3898   -.2678419  3.4153E-08    508.4878    .0235906     169293.
 348.000 -6.41E-07     -5.5898   -.1418290  3.0446E-08    508.4914    .0184137     172371.
 354.000 -4.71E-07     -6.1246   -.0452928  2.6095E-08    508.4931    .0137651     175449.
 360.000 -3.28E-07     -6.1615    .0252649  2.1531E-08    508.4932    .0097542     178527.
 366.000 -2.12E-07     -5.8447    .0738110  1.7071E-08    508.4922    .0064279     181605.
 372.000 -1.23E-07     -5.2942    .1044500  1.2933E-08    508.4906    .0037851     184683.
 378.000 -5.72E-08     -4.6053    .1211724  9.2561E-09    508.4885    .0017891     187761.
 384.000 -1.19E-08     -3.8501    .1276748  6.1152E-09    508.4862    .0003784     190839.
 390.000  1.62E-08     -3.0798    .1272382  3.5411E-09    508.4839   -.0005240     193917.
 396.000  3.06E-08     -2.3271    .1226527  1.5327E-09    508.4816   -.0010045     196995.
 402.000  3.46E-08     -1.6096    .1161775  7.0344E-11    508.4794   -.0011539     200073.
 408.000  3.14E-08   -.9330103    .1095224 -8.7413E-10    508.4774   -.0010645     203151.
 414.000  2.41E-08   -.2943775    .1038424 -1.3301E-09    508.4755   -.0008289     206229.
 420.000  1.55E-08    .3145345    .0664597 -1.3226E-09    508.4755   -.0116320    4509000.
 426.000  8.24E-09    .5045672    .0129774 -1.0183E-09    508.4761   -.0061954    4509000.
 432.000  3.26E-09    .4713633   -.0129557 -6.5578E-10    508.4760   -.0024490    4509000.
 438.000  3.75E-10    .3498075   -.0211471 -3.5075E-10    508.4756   -.0002815    4509000.
 444.000 -9.50E-10    .2179764   -.0198493 -1.3984E-10    508.4752    .0007141    4509000.
 450.000 -1.30E-09    .1117663   -.0147682 -1.7358E-11    508.4749    .0009796    4509000.
 456.000 -1.16E-09    .0407767   -.0092174  3.9305E-11    508.4747    .0008707    4509000.
 462.000 -8.32E-10    .0011146   -.0047300  5.4866E-11    508.4746    .0006251    4509000.
 468.000 -5.00E-10   -.0160431   -.0017270  4.9321E-11    508.4746    .0003759    4509000.
 474.000 -2.40E-10   -.0196626 -5.8266E-05  3.6058E-11    508.4746    .0001804    4509000.
 480.000 -6.75E-11   -.0167812    .0006350  2.2520E-11    508.4746  5.0713E-05    4509000.
 486.000  3.02E-11   -.0120674    .0007574  1.1804E-11    508.4746 -9.8984E-06    1964149.
 492.000  7.42E-11   -.0077051    .0006536  4.4593E-12    508.4746 -2.4702E-05    1998349.
 498.000  8.37E-11   -.0042290    .0004944  2.6250E-14    508.4746 -2.8371E-05    2032549.
 504.000  7.45E-11   -.0017725    .0003323 -2.2031E-12    508.4746 -2.5656E-05    2066749.
 510.000  5.73E-11   -.0002389    .0001951 -2.9502E-12    508.4746 -2.0068E-05    2100949.
 516.000  3.91E-11    .0005724  9.3215E-05 -2.8263E-12    508.4746 -1.3906E-05    2135149.
 522.000  2.34E-11    .0008828  2.6119E-05 -2.2858E-12    508.4746 -8.4590E-06    2169349.
 528.000  1.16E-11    .0008883 -1.2092E-05 -1.6280E-12    508.4746 -4.2780E-06    2203549.
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 534.000  3.86E-12    .0007394 -2.9246E-05 -1.0233E-12    508.4746 -1.4398E-06    2237749.
 540.000 -6.32E-13    .0005384 -3.2848E-05 -5.4869E-13    508.4746  2.3913E-07    2271949.
 546.000 -2.72E-12    .0003458 -2.8990E-05 -2.2023E-13    508.4746  1.0469E-06    2306149.
 552.000 -3.27E-12    .0001908 -2.2018E-05 -2.0910E-14    508.4746  1.2772E-06    2340349.
 558.000 -2.97E-12  8.1623E-05 -1.4655E-05  8.0273E-14    508.4746  1.1772E-06    2374549.
 564.000 -2.31E-12  1.4823E-05 -8.3401E-06  1.1610E-13    508.4746  9.2777E-07    2408749.
 570.000 -1.58E-12 -1.8584E-05 -3.6252E-06  1.1470E-13    508.4746  6.4386E-07    2442949.
 576.000 -9.35E-13 -2.8804E-05 -5.3611E-07  9.7100E-14    508.4746  3.8584E-07    2477149.
 582.000 -4.16E-13 -2.5122E-05  1.1440E-06  7.7068E-14    508.4746  1.7419E-07    2511349.
 588.000 -9.75E-15 -1.5159E-05  1.6796E-06  6.2106E-14    508.4746  4.3522E-09    2679525.
 594.000  3.29E-13 -5.0335E-06  1.2682E-06  5.4605E-14    508.4746 -1.4150E-07    2579749.
 600.000  6.46E-13      0.0000      0.0000  5.2735E-14    508.4746 -2.8122E-07    1306974.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  2:


Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00750444
Maximum bending moment           =   647324.68690 lbs-in
Maximum shear force              =    20799.15596 lbs
Depth of maximum bending moment  =    60.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              9
Number of zero deflection points =              8


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  32907.8724   -.0140949    508.4746   -312.1347    936.4041
   6.000   .915431     199440.  30874.1268   -.0140208   1110.4063   -365.7805   2397.4319
  12.000   .831751     385632.  28507.7661   -.0138034   1672.3537   -423.0064   3051.4412
  18.000   .749789     556441.  25781.0579   -.0134535   2187.8738   -485.8963   3888.2623
  24.000   .670309     709534.  22657.5533   -.0129832   2649.9266   -555.2719   4970.2945
  30.000   .593990     842353.  19104.0809   -.0124068   3050.7890   -629.2190   6355.8488
  36.000   .521427     952183.  15213.7298   -.0117402   3382.2655   -667.5647   7681.5870
  42.000   .453108    1037598.  11197.1936   -.0110011   3640.0570   -671.2807   8889.0107
  48.000   .389414    1098430.   7178.2347   -.0102076   3823.6563   -668.3723  10298.1124
  54.000   .330617    1134761.   3194.0869   -.0093781   3933.3057   -659.6770  11971.7480
  60.000   .276878    1146888.     87.8781   -.0085305   3969.9059   -375.7259   8142.0676
  66.000   .228250    1145028.  -2150.6839   -.0076792   3964.2941   -370.4614   9738.2864
  72.000   .184727    1129373.  -4341.3242   -.0068343   3917.0446   -359.7521  11684.8550
  78.000   .146238    1100313.  -6449.7692   -.0060061   3829.3400   -343.0629  14075.4870
  84.000   .112654    1058462.  -8440.1145   -.0052042   3703.0286   -320.3855  17063.8357
  90.000   .083788    1004653. -10276.4872   -.0044378   3540.6252   -291.7387  20891.1828
  96.000   .059400     939937. -11922.9819   -.0037155   3345.3073   -257.0929  25968.8805
 102.000   .039202     865590. -13342.8566   -.0030448   3120.9178   -216.1987  33089.8411
 108.000   .022862     783111. -14495.8398   -.0024324   2871.9898   -168.1291  44123.7107
 114.000   .010013     694266. -15328.8896   -.0018836   2603.8461   -109.5542  65644.3473
 120.000   .000259     601199. -15668.2131   -.0014024   2322.9585     -3.5537  82277.6260
 126.000  -.006815     507762. -15388.0129   -.0009905   2040.9568     96.9537  85355.6260
 132.000  -.011626     417613. -14583.0715   -.0006467   1768.8746    171.3600  88433.6260
 138.000  -.014576     333464. -13402.0590   -.0003677   1514.9053    222.3108  91511.6260
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 144.000  -.016039     257185. -11976.5633   -.0001483   1284.6867    252.8545  94589.6260
 150.000  -.016356     189905. -10419.2854  1.7754E-05   1081.6299    266.2382  97667.6260
 156.000  -.015826     132134.  -8823.3711    .0001374    907.2705    265.7332     100746.
 162.000  -.014707  83876.6497  -7262.6928    .0002176    761.6234    254.4929     103824.
 168.000  -.013215  44747.0261  -5792.8845    .0002654    643.5260    235.4432     106902.
 174.000  -.011522  14075.4074  -4452.9367    .0002872    550.9557    211.2060     109980.
 180.000  -.009768  -8998.4405  -3267.1670    .0002891    535.6328    184.0505     113058.
 186.000  -.008053 -25442.8601  -2247.4028    .0002763    585.2639    155.8709     116136.
 192.000  -.006452 -36265.7208  -1395.2343    .0002534    617.9285    128.1853     119214.
 198.000  -.005012 -42459.3617   -704.2236    .0002242    636.6215    102.1516     122292.
 204.000  -.003761 -44958.5111   -161.9824    .0001917    644.1642     78.5954     125370.
 210.000  -.002711 -44610.1883    247.9436    .0001584    643.1130     58.0466     128448.
 216.000  -.001860 -42154.2921    544.4216    .0001262    635.7008     40.7794     131526.
 222.000  -.001197 -38213.4262    747.3228  9.6347E-05    623.8068     26.8543     134604.
 228.000  -.000704 -33290.4737    876.3583  6.9787E-05    608.9488     16.1575     137682.
 234.000  -.000360 -27772.4959    950.1395  4.7104E-05    592.2950      8.4362     140760.
 240.000  -.000139 -21939.6728    985.4357  2.8638E-05    574.6909      3.3292     143838.
 246.000 -1.59E-05 -15978.1969   1053.3171  1.4553E-05    556.6985     19.2979    7263000.
 252.000  3.58E-05  -9315.5855    981.3269  5.1576E-06    536.5900    -43.2946    7263000.
 258.000  4.59E-05  -4207.8444    684.5770  1.3424E-07    521.1743    -55.6220    7263000.
 264.000  3.74E-05  -1100.8070    381.9773 -1.8377E-06    511.7969    -45.2446    7263000.
 270.000  2.39E-05    377.8678    159.4615 -2.1063E-06    509.6150    -28.9274    7263000.
 276.000  1.21E-05    815.0054     28.7321 -1.6632E-06    510.9344    -14.6491    7263000.
 282.000  3.94E-06    724.4487    -29.5205 -1.0913E-06    510.6610     -4.7684    7263000.
 288.000 -9.94E-07    461.9377    -40.2162 -6.5061E-07    509.8688      1.2032    7263000.
 294.000 -3.87E-06    242.5576    -22.5594 -3.8892E-07    509.2066      4.6824    7263000.
 300.000 -5.66E-06    191.6449     -8.1005 -2.2763E-07    509.0530    .1372899     145510.
 306.000 -6.60E-06    145.5978     -7.1983 -1.0236E-07    508.9140    .1634397     148588.
 312.000 -6.89E-06    105.3761     -6.1855 -9.1333E-09    508.7926    .1741473     151666.
 318.000 -6.71E-06     71.3814     -5.1440  5.6525E-08    508.6900    .1730377     154744.
 324.000 -6.21E-06     43.5875     -4.1347  9.9231E-08    508.6061    .1633739     157822.
 330.000 -5.52E-06     21.6575     -3.2006  1.2347E-07    508.5399    .1479887     160900.
 336.000 -4.73E-06      5.0464     -2.3689  1.3339E-07    508.4898    .1292546     163978.
 342.000 -3.92E-06     -6.9135     -1.6539  1.3269E-07    508.4954    .1090846     167056.
 348.000 -3.14E-06    -14.9436     -1.0598  1.2457E-07    508.5197    .0889558     170134.
 354.000 -2.42E-06    -19.7654   -.5830601  1.1168E-07    508.5342    .0699489     173212.
 360.000 -1.80E-06    -22.0610   -.2148198  9.6144E-08    508.5412    .0527979     176290.
 366.000 -1.27E-06    -22.4470    .0574072  7.9611E-08    508.5423    .0379444     179368.
 372.000 -8.42E-07    -21.4581    .2480166  6.3302E-08    508.5393    .0255920     182446.
 378.000 -5.10E-07    -19.5392    .3720681  4.8073E-08    508.5335    .0157585     185524.
 384.000 -2.65E-07    -17.0452    .4443096  3.4484E-08    508.5260    .0083220     188602.
 390.000 -9.58E-08    -14.2447    .4784606  2.2861E-08    508.5176    .0030616     191680.
 396.000  9.58E-09    -11.3283    .4867123  1.3362E-08    508.5088   -.0003110     194758.
 402.000  6.45E-08     -8.4186    .4793987  6.0263E-09    508.5000   -.0021268     197836.
 408.000  8.19E-08     -5.5821    .4647909  8.2566E-10    508.4914   -.0027424     200914.
 414.000  7.44E-08     -2.8420    .4489740 -2.3035E-09    508.4832   -.0025299     203992.
 420.000  5.43E-08   -.1918857    .3190647 -3.4305E-09    508.4752   -.0407732    4509000.
 426.000  3.32E-08    .9904756    .1217940 -3.1339E-09    508.4776   -.0249837    4509000.
 432.000  1.66E-08      1.2730    .0093069 -2.2931E-09    508.4784   -.0125120    4509000.
 438.000  5.73E-09      1.1046   -.0411437 -1.4099E-09    508.4779   -.0043048    4509000.
 444.000 -2.69E-10    .7808259   -.0534520 -7.0949E-10    508.4769    .0002021    4509000.
 450.000 -2.79E-09    .4639776   -.0465659 -2.4709E-10    508.4760    .0020933    4509000.
 456.000 -3.23E-09    .2223025   -.0329949  7.8341E-12    508.4752    .0024303    4509000.
 462.000 -2.69E-09    .0680299   -.0196360  1.1568E-10    508.4748    .0020227    4509000.
 468.000 -1.85E-09   -.0134539   -.0094066  1.3595E-10    508.4746    .0013871    4509000.
 474.000 -1.06E-09   -.0449961   -.0028553  1.1424E-10    508.4747    .0007966    4509000.
 480.000 -4.75E-10   -.0478413    .0006052  7.9756E-11    508.4747    .0003569    4509000.
 486.000 -1.03E-10   -.0378195    .0017767  4.7937E-11    508.4747  3.3608E-05    1957988.
 492.000  1.00E-10   -.0265726    .0017776  2.4018E-11    508.4747 -3.3318E-05    1992188.
 498.000  1.85E-10   -.0165145    .0014900  8.0127E-12    508.4746 -6.2557E-05    2026388.
 504.000  1.96E-10   -.0087018    .0010998 -1.3541E-12    508.4746 -6.7483E-05    2060588.
 510.000  1.69E-10   -.0033150    .0007204 -5.8179E-12    508.4746 -5.8995E-05    2094788.
 516.000  1.27E-10 -5.0760E-05    .0004086 -7.0682E-12    508.4746 -4.4951E-05    2128988.
 522.000  8.42E-11    .0015953    .0001827 -6.4944E-12    508.4746 -3.0342E-05    2163188.
 528.000  4.87E-11    .0021484  3.8093E-05 -5.1038E-12    508.4746 -1.7853E-05    2197388.
 534.000  2.29E-11    .0020579 -4.1035E-05 -3.5413E-12    508.4746 -8.5225E-06    2231588.
 540.000  6.25E-12    .0016598 -7.3686E-05 -2.1603E-12    508.4746 -2.3613E-06    2265788.
 546.000 -3.01E-12    .0011760 -7.7309E-05 -1.1069E-12    508.4746  1.1537E-06    2299988.
 552.000 -7.03E-12    .0007333 -6.5643E-05 -3.9769E-13    508.4746  2.7349E-06    2334188.
 558.000 -7.78E-12    .0003887 -4.8223E-05  1.9098E-14    508.4746  3.0718E-06    2368388.
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RW 198 Lateral Pile Capacity MOMENT - Free Head
 564.000 -6.80E-12    .0001546 -3.0838E-05  2.2092E-13    508.4746  2.7233E-06    2402588.
 570.000 -5.13E-12  1.8438E-05 -1.6417E-05  2.8520E-13    508.4746  2.0838E-06    2436788.
 576.000 -3.38E-12 -4.2712E-05 -5.9911E-06  2.7618E-13    508.4746  1.3914E-06    2470988.
 582.000 -1.82E-12 -5.3754E-05  4.5863E-07  2.4035E-13    508.4746  7.5852E-07    2505188.
 588.000 -4.94E-13 -3.7468E-05  3.3619E-06  2.0646E-13    508.4746  2.0924E-07    2539388.
 594.000  6.61E-13 -1.3634E-05  3.1392E-06  1.8748E-13    508.4746 -2.8347E-07    2573588.
 600.000  1.76E-12      0.0000      0.0000  1.8242E-13    508.4746 -7.6294E-07    1303894.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  3:


Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01409486
Maximum bending moment           =       1146888. lbs-in
Maximum shear force              =    32907.87240 lbs
Depth of maximum bending moment  =    60.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              9
Number of zero deflection points =              8


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     367399.  12484.9521
  4  y=   .500000 M=     0.000  90000.0000    .5000000     647325.  20799.1560
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000    1146888.  32907.8724


The analysis ended normally. 
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RW 198 Lateral Pile Capacity Critical Depth
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 198\Calculation\Lateral Pile Capacity\
Name of input data file:     RW 198 Lateral Pile Capacity Critical Depth.lpd
Name of output file:         RW 198 Lateral Pile Capacity Critical Depth.lpo
Name of plot output file:    RW 198 Lateral Pile Capacity Critical Depth.lpp
Name of runtime file:        RW 198 Lateral Pile Capacity Critical Depth.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  4, 2008     Time:   9:57:35


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
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RW 198 Lateral Pile Capacity Critical Depth
- Only summary tables of pile-head deflection, maximum bending moment,
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     240.00 in


Depth of ground surface below top of pile =     -60.00 in


Slope angle of ground surface             =      26.60 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     240.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  7 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       59.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       59.000 in
Distance from top of pile to bottom of layer =      245.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      245.000 in
Distance from top of pile to bottom of layer =      299.000 in


Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      299.000 in
Distance from top of pile to bottom of layer =      419.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  5 is stiff clay without free water
Distance from top of pile to top of layer    =      419.000 in
Distance from top of pile to bottom of layer =      485.000 in


Layer  6 is silt with cohesion and friction
Distance from top of pile to top of layer    =      485.000 in
Distance from top of pile to bottom of layer =      779.000 in
p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3


Layer  7 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      779.000 in
Distance from top of pile to bottom of layer =      872.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


(Depth of lowest layer extends  632.00 in below pile tip)
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RW 198 Lateral Pile Capacity Critical Depth


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 14 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00         .07200
  2            59.00         .07200
  3            59.00         .06900
  4           245.00         .06900
  5           245.00         .06900
  6           299.00         .06900
  7           299.00         .06900
  8           419.00         .06900
  9           419.00         .06900
 10           485.00         .06900
 11           485.00         .06900
 12           779.00         .06900
 13           779.00         .06900
 14           872.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 14 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000         .00000           34.00           ------    ------
  2       59.000         .00000           34.00           ------    ------
  3       59.000         .00000           31.00           ------    ------
  4      245.000         .00000           31.00           ------    ------
  5      245.000       26.90000             .00           .00500        .0
  6      299.000       26.90000             .00           .00500        .0
  7      299.000         .00000           31.00           ------    ------
  8      419.000         .00000           31.00           ------    ------
  9      419.000       16.70000             .00           .00500        .0
 10      485.000       16.70000             .00           .00500        .0
 11      485.000        2.85000           31.00           .00500        .0
 12      779.000        2.85000           31.00           .00500        .0
 13      779.000         .00000           34.00           ------    ------
 14      872.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
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RW 198 Lateral Pile Capacity Critical Depth
-----     ----------     ----------     ----------
  1             .000          .8500         1.0000
  2          240.000          .8500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  1


Load Case Number  1


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Shear force at pile head    =       30750.000 lbs
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


(Zero moment at pile head for this load indicates a free-head condition)


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Specified shear force at pile head  =       30750.000 lbs
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


(Zero moment for this load indicates free-head conditions)


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  1  V=    30750. M=     0.000  90000.0000      1.0005    1107382.  30750.0000
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RW 198 Lateral Pile Capacity Critical Depth
------------------------------------------------------------------------------
                     Pile-head Deflection vs. Pile Length
------------------------------------------------------------------------------


Boundary Condition Type 1, Shear and Moment


Shear      =          30750. lbs
Moment     =              0. in-lbs
Axial Load =          90000. lbs


   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   240.000    1.00049615      1107382.   30750.00000
   228.000    1.00522287      1107347.   30750.00000
   216.000     .99654577      1107899.   30750.00000
   204.000    1.00501239      1107317.   30750.00000
   192.000    1.00312136      1107077.   30750.00000
   180.000    1.00937668      1105013.   30750.00000
   168.000    1.01966125      1101069.   30750.00000
   156.000    1.07912280      1091869.   30750.00000
   144.000    1.20222753      1085820.   30750.00000
   132.000    1.52752258      1097581.   30750.00000


The analysis ended normally. 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 200


Width of the Wall is 7.25 ft


Date: 3/4/2008


Input Parameters (from Input-Output Sheet)


c cohesion 160 psf 7.6608414 kPa


φ friction angle 31 degrees 31 degrees


γ unit weight of soil 125 pcf 19.63 kN/m3


B width of foundation 7.25 feet 2.21 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Dw depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 20.63


Nc 32.67


Nγ 25.99


Shape Factors


Fcs 1.05


Fqs 1.04


Fγs 0.97


Depth Factors


Fcd 1.17


Fqd 1.12


Fγd 1.00


Effects of Water Table


q 375.00 psf 18.0 kPa


γ 125.00 pcf 19.625 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 26.8 ksf 1282 kPa


qall 8.9 ksf 427 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 200


Width of the Foundation is 7.25 ft


Date: 3/4/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 696.5 ft 1 0 3 3 125 0.3 NA NA 300 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 20 17 125 0.3 NA NA 300 Sand N NA


Depth Interval 0.5 ft 3 20 31.5 11.5 125 0.3 NA NA 680 Clay N NA


Footing Length 100 ft 4 31.5 38.5 7 125 0.3 NA NA 650 Sand N NA


Footing Width 7.25 ft 5 38.5 51.5 13 125 0.3 NA NA 1200 Clay N NA


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 3.625 ft


Ground Surface Elevation 856.5 ft MSL


Foundation Pressure 3900 psf


Net Foundation Pressure 3525 psf Total Layer Thickness 51.5 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.09


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 856.25 125.00 31.25 0.00 31.25 0.30 300.00 NA NA 0.00 Sand N 31.25 0.000


1 0.5 1 0.75 0 855.75 125.00 93.75 0.00 93.75 0.30 300.00 NA NA 0.00 Sand N 93.75 0.000


1 1 1.5 1.25 0 855.25 125.00 156.25 0.00 156.25 0.30 300.00 NA NA 0.00 Sand N 156.25 0.000


1 1.5 2 1.75 0 854.75 125.00 218.75 0.00 218.75 0.30 300.00 NA NA 0.00 Sand N 218.75 0.000


1 2 2.5 2.25 0 854.25 125.00 281.25 0.00 281.25 0.30 300.00 NA NA 0.00 Sand N 281.25 0.000


1 2.5 3 2.75 0 853.75 125.00 343.75 0.00 343.75 0.30 300.00 NA NA 0.00 Sand N 343.75 0.000


2 3 3.5 3.25 0.25 853.25 125.00 406.25 0.00 406.25 0.30 300.00 NA NA 3442.10 Sand N 406.25 0.069


2 3.5 4 3.75 0.75 852.75 125.00 468.75 0.00 468.75 0.30 300.00 NA NA 3277.18 Sand N 468.75 0.066


2 4 4.5 4.25 1.25 852.25 125.00 531.25 0.00 531.25 0.30 300.00 NA NA 3114.88 Sand N 531.25 0.062


2 4.5 5 4.75 1.75 851.75 125.00 593.75 0.00 593.75 0.30 300.00 NA NA 2956.77 Sand N 593.75 0.059


2 5 5.5 5.25 2.25 851.25 125.00 656.25 0.00 656.25 0.30 300.00 NA NA 2804.16 Sand N 656.25 0.056


2 5.5 6 5.75 2.75 850.75 125.00 718.75 0.00 718.75 0.30 300.00 NA NA 2658.11 Sand N 718.75 0.053


2 6 6.5 6.25 3.25 850.25 125.00 781.25 0.00 781.25 0.30 300.00 NA NA 2519.32 Sand N 781.25 0.050


2 6.5 7 6.75 3.75 849.75 125.00 843.75 0.00 843.75 0.30 300.00 NA NA 2388.24 Sand N 843.75 0.048


2 7 7.5 7.25 4.25 849.25 125.00 906.25 0.00 906.25 0.30 300.00 NA NA 2265.06 Sand N 906.25 0.045


2 7.5 8 7.75 4.75 848.75 125.00 968.75 0.00 968.75 0.30 300.00 NA NA 2149.75 Sand N 968.75 0.043


2 8 8.5 8.25 5.25 848.25 125.00 1031.25 0.00 1031.25 0.30 300.00 NA NA 2042.12 Sand N 1031.25 0.041


2 8.5 9 8.75 5.75 847.75 125.00 1093.75 0.00 1093.75 0.30 300.00 NA NA 1941.86 Sand N 1093.75 0.039


2 9 9.5 9.25 6.25 847.25 125.00 1156.25 0.00 1156.25 0.30 300.00 NA NA 1848.61 Sand N 1156.25 0.037


2 9.5 10 9.75 6.75 846.75 125.00 1218.75 0.00 1218.75 0.30 300.00 NA NA 1761.93 Sand N 1218.75 0.035


2 10 10.5 10.25 7.25 846.25 125.00 1281.25 0.00 1281.25 0.30 300.00 NA NA 1681.37 Sand N 1281.25 0.034


2 10.5 11 10.75 7.75 845.75 125.00 1343.75 0.00 1343.75 0.30 300.00 NA NA 1606.50 Sand N 1343.75 0.032


2 11 11.5 11.25 8.25 845.25 125.00 1406.25 0.00 1406.25 0.30 300.00 NA NA 1536.88 Sand N 1406.25 0.031


2 11.5 12 11.75 8.75 844.75 125.00 1468.75 0.00 1468.75 0.30 300.00 NA NA 1472.08 Sand N 1468.75 0.029


2 12 12.5 12.25 9.25 844.25 125.00 1531.25 0.00 1531.25 0.30 300.00 NA NA 1411.72 Sand N 1531.25 0.028


2 12.5 13 12.75 9.75 843.75 125.00 1593.75 0.00 1593.75 0.30 300.00 NA NA 1355.43 Sand N 1593.75 0.027


2 13 13.5 13.25 10.25 843.25 125.00 1656.25 0.00 1656.25 0.30 300.00 NA NA 1302.87 Sand N 1656.25 0.026


2 13.5 14 13.75 10.75 842.75 125.00 1718.75 0.00 1718.75 0.30 300.00 NA NA 1253.73 Sand N 1718.75 0.025


2 14 14.5 14.25 11.25 842.25 125.00 1781.25 0.00 1781.25 0.30 300.00 NA NA 1207.73 Sand N 1781.25 0.024


2 14.5 15 14.75 11.75 841.75 125.00 1843.75 0.00 1843.75 0.30 300.00 NA NA 1164.61 Sand N 1843.75 0.023


2 15 15.5 15.25 12.25 841.25 125.00 1906.25 0.00 1906.25 0.30 300.00 NA NA 1124.13 Sand N 1906.25 0.022


2 15.5 16 15.75 12.75 840.75 125.00 1968.75 0.00 1968.75 0.30 300.00 NA NA 1086.08 Sand N 1968.75 0.022


2 16 16.5 16.25 13.25 840.25 125.00 2031.25 0.00 2031.25 0.30 300.00 NA NA 1050.27 Sand N 2031.25 0.021


2 16.5 17 16.75 13.75 839.75 125.00 2093.75 0.00 2093.75 0.30 300.00 NA NA 1016.50 Sand N 2093.75 0.020


2 17 17.5 17.25 14.25 839.25 125.00 2156.25 0.00 2156.25 0.30 300.00 NA NA 984.64 Sand N 2156.25 0.020


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 200\Calculation\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW200 (width 7.25ft) (Elastic Modulus and 1D 
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Name: Alluvium3


Unit Weight: 125


Cohesion: 200


Phi: 30


Name: Alluvium 4


Unit Weight: 130


Cohesion: 430


Phi: 33


Name: Alluvium2


Unit Weight: 125


Cohesion: 160


Phi: 30


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 200 @ Station 200+50


Static Analysis


Surcharge Load = 240 psf


Wall Height = 12 ft


Width of the Wall = 7.25 ft


Name: Alluvium1


Unit Weight: 125


Cohesion: 160


Phi: 31


Name: Fill


Unit Weight: 120


Cohesion: 100


Phi: 34
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Name: Alluvium3


Unit Weight: 125


Cohesion: 200


Phi: 30


Name: Alluvium 4


Unit Weight: 130


Cohesion: 430


Phi: 33


Name: Alluvium2


Unit Weight: 125


Cohesion: 160


Phi: 30


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 200 @ Station 200+50
Pseudo Static Analysis
kh=0.147


Surcharge Load = 240 psf


Wall Height = 12 ft
Width of the Wall = 7.25 ft


Name: Alluvium1


Unit Weight: 125


Cohesion: 160


Phi: 31


Name: Fill


Unit Weight: 120


Cohesion: 100


Phi: 34
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 231 - Level Ground


Width of the Wall is 13.25 ft


Date: 4/23/2008


Input Parameters (from Input-Output Sheet)


c cohesion 175 psf 8.3790453 kPa


φ friction angle 31 degrees 31 degrees


γ unit weight of soil 115 pcf 18.06 kN/m3


B width of foundation 13.25 feet 4.04 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 20.63


Nc 32.67


Nγ 25.99


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.09


Fqd 1.06


Fγd 1.00


Effects of Water Table


q 345.00 psf 16.5 kPa


γ 115.00 pcf 18.055 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 33.6 ksf 1606 kPa


qall 11.2 ksf 535 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 231


Width of the Foundation is 13.25 ft


Date: 4/23/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 115 0.3 NA NA 700 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 35 32 115 0.3 NA NA 700 Clay N NA


Depth Interval 0.5 ft


Footing Length 1000 ft


Footing Width 13.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 6.625 ft


Ground Surface Elevation 863 ft MSL


Foundation Pressure 6200 psf


Net Foundation Pressure 5855 psf Total Layer Thickness 35 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.42


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 862.75 115.00 28.75 0.00 28.75 0.30 700.00 NA NA 0.00 Clay N 28.75 0.000


1 0.5 1 0.75 0 862.25 115.00 86.25 0.00 86.25 0.30 700.00 NA NA 0.00 Clay N 86.25 0.000


1 1 1.5 1.25 0 861.75 115.00 143.75 0.00 143.75 0.30 700.00 NA NA 0.00 Clay N 143.75 0.000


1 1.5 2 1.75 0 861.25 115.00 201.25 0.00 201.25 0.30 700.00 NA NA 0.00 Clay N 201.25 0.000


1 2 2.5 2.25 0 860.75 115.00 258.75 0.00 258.75 0.30 700.00 NA NA 0.00 Clay N 258.75 0.000


1 2.5 3 2.75 0 860.25 115.00 316.25 0.00 316.25 0.30 700.00 NA NA 0.00 Clay N 316.25 0.000


2 3 3.5 3.25 0.25 859.75 115.00 373.75 0.00 373.75 0.30 700.00 NA NA 5779.82 Clay N 373.75 0.050


2 3.5 4 3.75 0.75 859.25 115.00 431.25 0.00 431.25 0.30 700.00 NA NA 5629.70 Clay N 431.25 0.048


2 4 4.5 4.25 1.25 858.75 115.00 488.75 0.00 488.75 0.30 700.00 NA NA 5480.31 Clay N 488.75 0.047


2 4.5 5 4.75 1.75 858.25 115.00 546.25 0.00 546.25 0.30 700.00 NA NA 5332.12 Clay N 546.25 0.046


2 5 5.5 5.25 2.25 857.75 115.00 603.75 0.00 603.75 0.30 700.00 NA NA 5185.57 Clay N 603.75 0.044


2 5.5 6 5.75 2.75 857.25 115.00 661.25 0.00 661.25 0.30 700.00 NA NA 5041.08 Clay N 661.25 0.043


2 6 6.5 6.25 3.25 856.75 115.00 718.75 0.00 718.75 0.30 700.00 NA NA 4899.04 Clay N 718.75 0.042


2 6.5 7 6.75 3.75 856.25 115.00 776.25 0.00 776.25 0.30 700.00 NA NA 4759.77 Clay N 776.25 0.041


2 7 7.5 7.25 4.25 855.75 115.00 833.75 0.00 833.75 0.30 700.00 NA NA 4623.59 Clay N 833.75 0.040


2 7.5 8 7.75 4.75 855.25 115.00 891.25 0.00 891.25 0.30 700.00 NA NA 4490.73 Clay N 891.25 0.038


2 8 8.5 8.25 5.25 854.75 115.00 948.75 0.00 948.75 0.30 700.00 NA NA 4361.40 Clay N 948.75 0.037


2 8.5 9 8.75 5.75 854.25 115.00 1006.25 0.00 1006.25 0.30 700.00 NA NA 4235.76 Clay N 1006.25 0.036


2 9 9.5 9.25 6.25 853.75 115.00 1063.75 0.00 1063.75 0.30 700.00 NA NA 4113.93 Clay N 1063.75 0.035


2 9.5 10 9.75 6.75 853.25 115.00 1121.25 0.00 1121.25 0.30 700.00 NA NA 3995.99 Clay N 1121.25 0.034


2 10 10.5 10.25 7.25 852.75 115.00 1178.75 0.00 1178.75 0.30 700.00 NA NA 3881.97 Clay N 1178.75 0.033


2 10.5 11 10.75 7.75 852.25 115.00 1236.25 0.00 1236.25 0.30 700.00 NA NA 3771.89 Clay N 1236.25 0.032


2 11 11.5 11.25 8.25 851.75 115.00 1293.75 0.00 1293.75 0.30 700.00 NA NA 3665.73 Clay N 1293.75 0.031


2 11.5 12 11.75 8.75 851.25 115.00 1351.25 0.00 1351.25 0.30 700.00 NA NA 3563.44 Clay N 1351.25 0.031


2 12 12.5 12.25 9.25 850.75 115.00 1408.75 0.00 1408.75 0.30 700.00 NA NA 3464.97 Clay N 1408.75 0.030


2 12.5 13 12.75 9.75 850.25 115.00 1466.25 0.00 1466.25 0.30 700.00 NA NA 3370.23 Clay N 1466.25 0.029


2 13 13.5 13.25 10.25 849.75 115.00 1523.75 0.00 1523.75 0.30 700.00 NA NA 3279.14 Clay N 1523.75 0.028


2 13.5 14 13.75 10.75 849.25 115.00 1581.25 0.00 1581.25 0.30 700.00 NA NA 3191.58 Clay N 1581.25 0.027


2 14 14.5 14.25 11.25 848.75 115.00 1638.75 0.00 1638.75 0.30 700.00 NA NA 3107.45 Clay N 1638.75 0.027


2 14.5 15 14.75 11.75 848.25 115.00 1696.25 0.00 1696.25 0.30 700.00 NA NA 3026.62 Clay N 1696.25 0.026


2 15 15.5 15.25 12.25 847.75 115.00 1753.75 0.00 1753.75 0.30 700.00 NA NA 2948.99 Clay N 1753.75 0.025


2 15.5 16 15.75 12.75 847.25 115.00 1811.25 0.00 1811.25 0.30 700.00 NA NA 2874.43 Clay N 1811.25 0.025


2 16 16.5 16.25 13.25 846.75 115.00 1868.75 0.00 1868.75 0.30 700.00 NA NA 2802.81 Clay N 1868.75 0.024


2 16.5 17 16.75 13.75 846.25 115.00 1926.25 0.00 1926.25 0.30 700.00 NA NA 2734.02 Clay N 1926.25 0.023


2 17 17.5 17.25 14.25 845.75 115.00 1983.75 0.00 1983.75 0.30 700.00 NA NA 2667.93 Clay N 1983.75 0.023


2 17.5 18 17.75 14.75 845.25 115.00 2041.25 0.00 2041.25 0.30 700.00 NA NA 2604.43 Clay N 2041.25 0.022


2 18 18.5 18.25 15.25 844.75 115.00 2098.75 0.00 2098.75 0.30 700.00 NA NA 2543.40 Clay N 2098.75 0.022


2 18.5 19 18.75 15.75 844.25 115.00 2156.25 0.00 2156.25 0.30 700.00 NA NA 2484.74 Clay N 2156.25 0.021


2 19 19.5 19.25 16.25 843.75 115.00 2213.75 0.00 2213.75 0.30 700.00 NA NA 2428.33 Clay N 2213.75 0.021


2 19.5 20 19.75 16.75 843.25 115.00 2271.25 0.00 2271.25 0.30 700.00 NA NA 2374.07 Clay N 2271.25 0.020


2 20 20.5 20.25 17.25 842.75 115.00 2328.75 0.00 2328.75 0.30 700.00 NA NA 2321.87 Clay N 2328.75 0.020


2 20.5 21 20.75 17.75 842.25 115.00 2386.25 0.00 2386.25 0.30 700.00 NA NA 2271.62 Clay N 2386.25 0.019


2 21 21.5 21.25 18.25 841.75 115.00 2443.75 0.00 2443.75 0.30 700.00 NA NA 2223.24 Clay N 2443.75 0.019


2 21.5 22 21.75 18.75 841.25 115.00 2501.25 0.00 2501.25 0.30 700.00 NA NA 2176.64 Clay N 2501.25 0.019


2 22 22.5 22.25 19.25 840.75 115.00 2558.75 0.00 2558.75 0.30 700.00 NA NA 2131.74 Clay N 2558.75 0.018


2 22.5 23 22.75 19.75 840.25 115.00 2616.25 0.00 2616.25 0.30 700.00 NA NA 2088.45 Clay N 2616.25 0.018


2 23 23.5 23.25 20.25 839.75 115.00 2673.75 0.00 2673.75 0.30 700.00 NA NA 2046.71 Clay N 2673.75 0.018


2 23.5 24 23.75 20.75 839.25 115.00 2731.25 0.00 2731.25 0.30 700.00 NA NA 2006.44 Clay N 2731.25 0.017


2 24 24.5 24.25 21.25 838.75 115.00 2788.75 0.00 2788.75 0.30 700.00 NA NA 1967.58 Clay N 2788.75 0.017


2 24.5 25 24.75 21.75 838.25 115.00 2846.25 0.00 2846.25 0.30 700.00 NA NA 1930.06 Clay N 2846.25 0.017


2 25 25.5 25.25 22.25 837.75 115.00 2903.75 0.00 2903.75 0.30 700.00 NA NA 1893.81 Clay N 2903.75 0.016


2 25.5 26 25.75 22.75 837.25 115.00 2961.25 0.00 2961.25 0.30 700.00 NA NA 1858.79 Clay N 2961.25 0.016


2 26 26.5 26.25 23.25 836.75 115.00 3018.75 0.00 3018.75 0.30 700.00 NA NA 1824.94 Clay N 3018.75 0.016


2 26.5 27 26.75 23.75 836.25 115.00 3076.25 0.00 3076.25 0.30 700.00 NA NA 1792.20 Clay N 3076.25 0.015


2 27 27.5 27.25 24.25 835.75 115.00 3133.75 0.00 3133.75 0.30 700.00 NA NA 1760.52 Clay N 3133.75 0.015


2 27.5 28 27.75 24.75 835.25 115.00 3191.25 0.00 3191.25 0.30 700.00 NA NA 1729.87 Clay N 3191.25 0.015


2 28 28.5 28.25 25.25 834.75 115.00 3248.75 0.00 3248.75 0.30 700.00 NA NA 1700.19 Clay N 3248.75 0.015


2 28.5 29 28.75 25.75 834.25 115.00 3306.25 0.00 3306.25 0.30 700.00 NA NA 1671.44 Clay N 3306.25 0.014


2 29 29.5 29.25 26.25 833.75 115.00 3363.75 0.00 3363.75 0.30 700.00 NA NA 1643.58 Clay N 3363.75 0.014


Estimated Settlement 1.42


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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2.186


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 231 @ Station 238+50
Static Analysis


Surcharge Load = 240 psf


Wall Height = 24 ft
Width of the Wall = 13.3 ft


Name: Alluvium  
Unit Weight: 115 pcf
Cohesion: 175 psf
Phi: 31 °


Name: Artificial Fill 
Unit Weight: 115 pcf
Cohesion: 125 psf
Phi: 30 °
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1.716


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 231 @ Station 238+50
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 24 ft
Width of the Wall = 13.3 ft


Name: Alluvium  
Unit Weight: 115 pcf
Cohesion: 175 psf
Phi: 31 °


Name: Artificial Fill 
Unit Weight: 115 pcf
Cohesion: 125 psf
Phi: 30 °
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 240


Width of the Wall is 11 ft


Date: 1/14/2008


Input Parameters (from Input-Output Sheet)


c cohesion 510 psf 24.418932 kPa


φ friction angle 31 degrees 31 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 11 feet 3.35 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 20.63


Nc 32.67


Nγ 25.99


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 1.00


Depth Factors


Fcd 1.11


Fqd 1.08


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 43.7 ksf 2090 kPa


qall 14.6 ksf 697 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 240


Width of the Foundation is 11 ft


Date: 1/14/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 120 0.3 NA NA 990 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 52 49 120 0.3 NA NA 990 Sand N NA


Depth Interval 0.5 ft


Footing Length 1000 ft


Footing Width 11 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 5.5 ft


Ground Surface Elevation 862 ft MSL


Foundation Pressure 6000 psf


Net Foundation Pressure 5640 psf Total Layer Thickness 52 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.80


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 861.75 120.00 30.00 0.00 30.00 0.30 990.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 861.25 120.00 90.00 0.00 90.00 0.30 990.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 860.75 120.00 150.00 0.00 150.00 0.30 990.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 860.25 120.00 210.00 0.00 210.00 0.30 990.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 859.75 120.00 270.00 0.00 270.00 0.30 990.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 859.25 120.00 330.00 0.00 330.00 0.30 990.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 858.75 120.00 390.00 0.00 390.00 0.30 990.00 NA NA 5552.77 Sand N 390.00 0.034


2 3.5 4 3.75 0.75 858.25 120.00 450.00 0.00 450.00 0.30 990.00 NA NA 5378.73 Sand N 450.00 0.033


2 4 4.5 4.25 1.25 857.75 120.00 510.00 0.00 510.00 0.30 990.00 NA NA 5205.91 Sand N 510.00 0.032


2 4.5 5 4.75 1.75 857.25 120.00 570.00 0.00 570.00 0.30 990.00 NA NA 5035.09 Sand N 570.00 0.031


2 5 5.5 5.25 2.25 856.75 120.00 630.00 0.00 630.00 0.30 990.00 NA NA 4866.98 Sand N 630.00 0.029


2 5.5 6 5.75 2.75 856.25 120.00 690.00 0.00 690.00 0.30 990.00 NA NA 4702.25 Sand N 690.00 0.028


2 6 6.5 6.25 3.25 855.75 120.00 750.00 0.00 750.00 0.30 990.00 NA NA 4541.45 Sand N 750.00 0.028


2 6.5 7 6.75 3.75 855.25 120.00 810.00 0.00 810.00 0.30 990.00 NA NA 4385.08 Sand N 810.00 0.027


2 7 7.5 7.25 4.25 854.75 120.00 870.00 0.00 870.00 0.30 990.00 NA NA 4233.51 Sand N 870.00 0.026


2 7.5 8 7.75 4.75 854.25 120.00 930.00 0.00 930.00 0.30 990.00 NA NA 4087.04 Sand N 930.00 0.025


2 8 8.5 8.25 5.25 853.75 120.00 990.00 0.00 990.00 0.30 990.00 NA NA 3945.89 Sand N 990.00 0.024


2 8.5 9 8.75 5.75 853.25 120.00 1050.00 0.00 1050.00 0.30 990.00 NA NA 3810.18 Sand N 1050.00 0.023


2 9 9.5 9.25 6.25 852.75 120.00 1110.00 0.00 1110.00 0.30 990.00 NA NA 3679.97 Sand N 1110.00 0.022


2 9.5 10 9.75 6.75 852.25 120.00 1170.00 0.00 1170.00 0.30 990.00 NA NA 3555.25 Sand N 1170.00 0.022


2 10 10.5 10.25 7.25 851.75 120.00 1230.00 0.00 1230.00 0.30 990.00 NA NA 3435.96 Sand N 1230.00 0.021


2 10.5 11 10.75 7.75 851.25 120.00 1290.00 0.00 1290.00 0.30 990.00 NA NA 3322.00 Sand N 1290.00 0.020


2 11 11.5 11.25 8.25 850.75 120.00 1350.00 0.00 1350.00 0.30 990.00 NA NA 3213.24 Sand N 1350.00 0.019


2 11.5 12 11.75 8.75 850.25 120.00 1410.00 0.00 1410.00 0.30 990.00 NA NA 3109.52 Sand N 1410.00 0.019


2 12 12.5 12.25 9.25 849.75 120.00 1470.00 0.00 1470.00 0.30 990.00 NA NA 3010.65 Sand N 1470.00 0.018


2 12.5 13 12.75 9.75 849.25 120.00 1530.00 0.00 1530.00 0.30 990.00 NA NA 2916.44 Sand N 1530.00 0.018


2 13 13.5 13.25 10.25 848.75 120.00 1590.00 0.00 1590.00 0.30 990.00 NA NA 2826.70 Sand N 1590.00 0.017


2 13.5 14 13.75 10.75 848.25 120.00 1650.00 0.00 1650.00 0.30 990.00 NA NA 2741.21 Sand N 1650.00 0.017


2 14 14.5 14.25 11.25 847.75 120.00 1710.00 0.00 1710.00 0.30 990.00 NA NA 2659.77 Sand N 1710.00 0.016


2 14.5 15 14.75 11.75 847.25 120.00 1770.00 0.00 1770.00 0.30 990.00 NA NA 2582.17 Sand N 1770.00 0.016


2 15 15.5 15.25 12.25 846.75 120.00 1830.00 0.00 1830.00 0.30 990.00 NA NA 2508.23 Sand N 1830.00 0.015


2 15.5 16 15.75 12.75 846.25 120.00 1890.00 0.00 1890.00 0.30 990.00 NA NA 2437.74 Sand N 1890.00 0.015


2 16 16.5 16.25 13.25 845.75 120.00 1950.00 0.00 1950.00 0.30 990.00 NA NA 2370.52 Sand N 1950.00 0.014


2 16.5 17 16.75 13.75 845.25 120.00 2010.00 0.00 2010.00 0.30 990.00 NA NA 2306.39 Sand N 2010.00 0.014


2 17 17.5 17.25 14.25 844.75 120.00 2070.00 0.00 2070.00 0.30 990.00 NA NA 2245.18 Sand N 2070.00 0.014


2 17.5 18 17.75 14.75 844.25 120.00 2130.00 0.00 2130.00 0.30 990.00 NA NA 2186.73 Sand N 2130.00 0.013


2 18 18.5 18.25 15.25 843.75 120.00 2190.00 0.00 2190.00 0.30 990.00 NA NA 2130.88 Sand N 2190.00 0.013


2 18.5 19 18.75 15.75 843.25 120.00 2250.00 0.00 2250.00 0.30 990.00 NA NA 2077.49 Sand N 2250.00 0.013


2 19 19.5 19.25 16.25 842.75 120.00 2310.00 0.00 2310.00 0.30 990.00 NA NA 2026.43 Sand N 2310.00 0.012


2 19.5 20 19.75 16.75 842.25 120.00 2370.00 0.00 2370.00 0.30 990.00 NA NA 1977.56 Sand N 2370.00 0.012


2 20 20.5 20.25 17.25 841.75 120.00 2430.00 0.00 2430.00 0.30 990.00 NA NA 1930.77 Sand N 2430.00 0.012


2 20.5 21 20.75 17.75 841.25 120.00 2490.00 0.00 2490.00 0.30 990.00 NA NA 1885.93 Sand N 2490.00 0.011


2 21 21.5 21.25 18.25 840.75 120.00 2550.00 0.00 2550.00 0.30 990.00 NA NA 1842.94 Sand N 2550.00 0.011


2 21.5 22 21.75 18.75 840.25 120.00 2610.00 0.00 2610.00 0.30 990.00 NA NA 1801.71 Sand N 2610.00 0.011


2 22 22.5 22.25 19.25 839.75 120.00 2670.00 0.00 2670.00 0.30 990.00 NA NA 1762.13 Sand N 2670.00 0.011


2 22.5 23 22.75 19.75 839.25 120.00 2730.00 0.00 2730.00 0.30 990.00 NA NA 1724.11 Sand N 2730.00 0.010


2 23 23.5 23.25 20.25 838.75 120.00 2790.00 0.00 2790.00 0.30 990.00 NA NA 1687.58 Sand N 2790.00 0.010


2 23.5 24 23.75 20.75 838.25 120.00 2850.00 0.00 2850.00 0.30 990.00 NA NA 1652.46 Sand N 2850.00 0.010


2 24 24.5 24.25 21.25 837.75 120.00 2910.00 0.00 2910.00 0.30 990.00 NA NA 1618.67 Sand N 2910.00 0.010


2 24.5 25 24.75 21.75 837.25 120.00 2970.00 0.00 2970.00 0.30 990.00 NA NA 1586.14 Sand N 2970.00 0.010


Estimated Settlement 0.80


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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3.039


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 510 psf


Phi: 31 °


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 240 @ Station 242+50
Static Analysis


Surcharge Load = 240 psf


Wall Height = 20 ft
Width of the Wall = 11 ft


Distance (feet)
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Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 510 psf


Phi: 31 °


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 240 @ Station 242+50
Pseudo Static Analysis
kh=0.147


Surcharge Load = 240 psf


Wall Height = 20 ft
Width of the Wall = 11 ft
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 241 - Level Ground


Width of the Wall is 13.25 ft


Date: 4/24/2008


Input Parameters (from Input-Output Sheet)


c cohesion 300 psf 14.364078 kPa


φ friction angle 28 degrees 28 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 13.25 feet 4.04 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 14.72


Nc 25.80


Nγ 16.72


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.09


Fqd 1.07


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 27.4 ksf 1310 kPa


qall 9.1 ksf 437 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 241


Width of the Foundation is 13.25 ft


Date: 4/24/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 103 ft 1 0 3 3 120 0.3 NA NA 650 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 42 39 120 0.3 NA NA 650 Sand N NA


Depth Interval 0.5 ft 3 42 61 19 120 0.3 NA NA 900 Sand N NA


Footing Length 1000 ft


Footing Width 13.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 6.625 ft


Ground Surface Elevation 861 ft MSL


Foundation Pressure 6200 psf


Net Foundation Pressure 5840 psf Total Layer Thickness 61 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.53


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 860.75 120.00 30.00 0.00 30.00 0.30 650.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 860.25 120.00 90.00 0.00 90.00 0.30 650.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 859.75 120.00 150.00 0.00 150.00 0.30 650.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 859.25 120.00 210.00 0.00 210.00 0.30 650.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 858.75 120.00 270.00 0.00 270.00 0.30 650.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 858.25 120.00 330.00 0.00 330.00 0.30 650.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 857.75 120.00 390.00 0.00 390.00 0.30 650.00 NA NA 5765.01 Sand N 390.00 0.053


2 3.5 4 3.75 0.75 857.25 120.00 450.00 0.00 450.00 0.30 650.00 NA NA 5615.28 Sand N 450.00 0.052


2 4 4.5 4.25 1.25 856.75 120.00 510.00 0.00 510.00 0.30 650.00 NA NA 5466.27 Sand N 510.00 0.050


2 4.5 5 4.75 1.75 856.25 120.00 570.00 0.00 570.00 0.30 650.00 NA NA 5318.46 Sand N 570.00 0.049


2 5 5.5 5.25 2.25 855.75 120.00 630.00 0.00 630.00 0.30 650.00 NA NA 5172.29 Sand N 630.00 0.048


2 5.5 6 5.75 2.75 855.25 120.00 690.00 0.00 690.00 0.30 650.00 NA NA 5028.17 Sand N 690.00 0.046


2 6 6.5 6.25 3.25 854.75 120.00 750.00 0.00 750.00 0.30 650.00 NA NA 4886.49 Sand N 750.00 0.045


2 6.5 7 6.75 3.75 854.25 120.00 810.00 0.00 810.00 0.30 650.00 NA NA 4747.58 Sand N 810.00 0.044


2 7 7.5 7.25 4.25 853.75 120.00 870.00 0.00 870.00 0.30 650.00 NA NA 4611.74 Sand N 870.00 0.043


2 7.5 8 7.75 4.75 853.25 120.00 930.00 0.00 930.00 0.30 650.00 NA NA 4479.22 Sand N 930.00 0.041


2 8 8.5 8.25 5.25 852.75 120.00 990.00 0.00 990.00 0.30 650.00 NA NA 4350.22 Sand N 990.00 0.040


2 8.5 9 8.75 5.75 852.25 120.00 1050.00 0.00 1050.00 0.30 650.00 NA NA 4224.91 Sand N 1050.00 0.039


2 9 9.5 9.25 6.25 851.75 120.00 1110.00 0.00 1110.00 0.30 650.00 NA NA 4103.39 Sand N 1110.00 0.038


2 9.5 10 9.75 6.75 851.25 120.00 1170.00 0.00 1170.00 0.30 650.00 NA NA 3985.75 Sand N 1170.00 0.037


2 10 10.5 10.25 7.25 850.75 120.00 1230.00 0.00 1230.00 0.30 650.00 NA NA 3872.02 Sand N 1230.00 0.036


2 10.5 11 10.75 7.75 850.25 120.00 1290.00 0.00 1290.00 0.30 650.00 NA NA 3762.23 Sand N 1290.00 0.035


2 11 11.5 11.25 8.25 849.75 120.00 1350.00 0.00 1350.00 0.30 650.00 NA NA 3656.34 Sand N 1350.00 0.034


2 11.5 12 11.75 8.75 849.25 120.00 1410.00 0.00 1410.00 0.30 650.00 NA NA 3554.31 Sand N 1410.00 0.033


2 12 12.5 12.25 9.25 848.75 120.00 1470.00 0.00 1470.00 0.30 650.00 NA NA 3456.09 Sand N 1470.00 0.032


2 12.5 13 12.75 9.75 848.25 120.00 1530.00 0.00 1530.00 0.30 650.00 NA NA 3361.60 Sand N 1530.00 0.031


2 13 13.5 13.25 10.25 847.75 120.00 1590.00 0.00 1590.00 0.30 650.00 NA NA 3270.74 Sand N 1590.00 0.030


2 13.5 14 13.75 10.75 847.25 120.00 1650.00 0.00 1650.00 0.30 650.00 NA NA 3183.40 Sand N 1650.00 0.029


2 14 14.5 14.25 11.25 846.75 120.00 1710.00 0.00 1710.00 0.30 650.00 NA NA 3099.49 Sand N 1710.00 0.029


2 14.5 15 14.75 11.75 846.25 120.00 1770.00 0.00 1770.00 0.30 650.00 NA NA 3018.87 Sand N 1770.00 0.028


2 15 15.5 15.25 12.25 845.75 120.00 1830.00 0.00 1830.00 0.30 650.00 NA NA 2941.44 Sand N 1830.00 0.027


2 15.5 16 15.75 12.75 845.25 120.00 1890.00 0.00 1890.00 0.30 650.00 NA NA 2867.06 Sand N 1890.00 0.026


2 16 16.5 16.25 13.25 844.75 120.00 1950.00 0.00 1950.00 0.30 650.00 NA NA 2795.63 Sand N 1950.00 0.026


2 16.5 17 16.75 13.75 844.25 120.00 2010.00 0.00 2010.00 0.30 650.00 NA NA 2727.01 Sand N 2010.00 0.025


2 17 17.5 17.25 14.25 843.75 120.00 2070.00 0.00 2070.00 0.30 650.00 NA NA 2661.10 Sand N 2070.00 0.025


2 17.5 18 17.75 14.75 843.25 120.00 2130.00 0.00 2130.00 0.30 650.00 NA NA 2597.76 Sand N 2130.00 0.024


2 18 18.5 18.25 15.25 842.75 120.00 2190.00 0.00 2190.00 0.30 650.00 NA NA 2536.89 Sand N 2190.00 0.023


2 18.5 19 18.75 15.75 842.25 120.00 2250.00 0.00 2250.00 0.30 650.00 NA NA 2478.37 Sand N 2250.00 0.023


2 19 19.5 19.25 16.25 841.75 120.00 2310.00 0.00 2310.00 0.30 650.00 NA NA 2422.11 Sand N 2310.00 0.022


2 19.5 20 19.75 16.75 841.25 120.00 2370.00 0.00 2370.00 0.30 650.00 NA NA 2367.99 Sand N 2370.00 0.022


2 20 20.5 20.25 17.25 840.75 120.00 2430.00 0.00 2430.00 0.30 650.00 NA NA 2315.92 Sand N 2430.00 0.021


2 20.5 21 20.75 17.75 840.25 120.00 2490.00 0.00 2490.00 0.30 650.00 NA NA 2265.80 Sand N 2490.00 0.021


2 21 21.5 21.25 18.25 839.75 120.00 2550.00 0.00 2550.00 0.30 650.00 NA NA 2217.54 Sand N 2550.00 0.020


2 21.5 22 21.75 18.75 839.25 120.00 2610.00 0.00 2610.00 0.30 650.00 NA NA 2171.06 Sand N 2610.00 0.020


2 22 22.5 22.25 19.25 838.75 120.00 2670.00 0.00 2670.00 0.30 650.00 NA NA 2126.27 Sand N 2670.00 0.020


2 22.5 23 22.75 19.75 838.25 120.00 2730.00 0.00 2730.00 0.30 650.00 NA NA 2083.10 Sand N 2730.00 0.019


2 23 23.5 23.25 20.25 837.75 120.00 2790.00 0.00 2790.00 0.30 650.00 NA NA 2041.47 Sand N 2790.00 0.019


2 23.5 24 23.75 20.75 837.25 120.00 2850.00 0.00 2850.00 0.30 650.00 NA NA 2001.30 Sand N 2850.00 0.018


2 24 24.5 24.25 21.25 836.75 120.00 2910.00 0.00 2910.00 0.30 650.00 NA NA 1962.54 Sand N 2910.00 0.018


2 24.5 25 24.75 21.75 836.25 120.00 2970.00 0.00 2970.00 0.30 650.00 NA NA 1925.11 Sand N 2970.00 0.018


2 25 25.5 25.25 22.25 835.75 120.00 3030.00 0.00 3030.00 0.30 650.00 NA NA 1888.96 Sand N 3030.00 0.017


2 25.5 26 25.75 22.75 835.25 120.00 3090.00 0.00 3090.00 0.30 650.00 NA NA 1854.03 Sand N 3090.00 0.017


2 26 26.5 26.25 23.25 834.75 120.00 3150.00 0.00 3150.00 0.30 650.00 NA NA 1820.26 Sand N 3150.00 0.017


2 26.5 27 26.75 23.75 834.25 120.00 3210.00 0.00 3210.00 0.30 650.00 NA NA 1787.61 Sand N 3210.00 0.017


2 27 27.5 27.25 24.25 833.75 120.00 3270.00 0.00 3270.00 0.30 650.00 NA NA 1756.01 Sand N 3270.00 0.016


2 27.5 28 27.75 24.75 833.25 120.00 3330.00 0.00 3330.00 0.30 650.00 NA NA 1725.44 Sand N 3330.00 0.016


2 28 28.5 28.25 25.25 832.75 120.00 3390.00 0.00 3390.00 0.30 650.00 NA NA 1695.83 Sand N 3390.00 0.016


2 28.5 29 28.75 25.75 832.25 120.00 3450.00 0.00 3450.00 0.30 650.00 NA NA 1667.15 Sand N 3450.00 0.015


2 29 29.5 29.25 26.25 831.75 120.00 3510.00 0.00 3510.00 0.30 650.00 NA NA 1639.37 Sand N 3510.00 0.015


Estimated Settlement 1.53


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 241\Calculations\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings - RW241 (width 13.25 ft) (Elastic Modulus and 1D 
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Name: Alluvium Qal2 


Unit Weight: 120 pcf


Cohesion: 250 psf


Phi: 35 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 241 @ Station 240+50


Static Analysis


Surcharge Load = 240 psf


Wall Height = 24 ft


Width of Wall = 13.25 ft


Name: Alluvium Qal1 


Unit Weight: 120 pcf


Cohesion: 300 psf


Phi: 28 °


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °
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Name: Alluvium Qal2 


Unit Weight: 120 pcf


Cohesion: 250 psf


Phi: 35 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 241 @ Station 240+50


Pseudo Static Analysis


kh = 0.147


Surcharge Load = 240 psf


Wall Height = 24 ft


Width of Wall = 13.25 ft


Name: Alluvium Qal1 


Unit Weight: 120 pcf


Cohesion: 300 psf


Phi: 28 °


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 247 - Level Ground


Width of the Wall is 10.25 ft


Date: 4/25/2008


Input Parameters (from Input-Output Sheet)


c cohesion 430 psf 20.588511 kPa


φ friction angle 33 degrees 33 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 10.25 feet 3.12 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 26.09


Nc 38.64


Nγ 35.19


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 1.00


Depth Factors


Fcd 1.12


Fqd 1.08


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 50.3 ksf 2410 kPa


qall 16.8 ksf 803 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 247


Width of the Foundation is 10.25 ft


Date: 4/25/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 97 ft 1 0 3 3 120 0.3 NA NA 650 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 25 22 120 0.3 NA NA 650 Clay N NA


Depth Interval 0.5 ft


Footing Length 1000 ft


Footing Width 10.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 5.125 ft


Ground Surface Elevation 855 ft MSL


Foundation Pressure 5500 psf


Net Foundation Pressure 5140 psf Total Layer Thickness 25 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.04


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 854.75 120.00 30.00 0.00 30.00 0.30 650.00 NA NA 0.00 Clay N 30.00 0.000


1 0.5 1 0.75 0 854.25 120.00 90.00 0.00 90.00 0.30 650.00 NA NA 0.00 Clay N 90.00 0.000


1 1 1.5 1.25 0 853.75 120.00 150.00 0.00 150.00 0.30 650.00 NA NA 0.00 Clay N 150.00 0.000


1 1.5 2 1.75 0 853.25 120.00 210.00 0.00 210.00 0.30 650.00 NA NA 0.00 Clay N 210.00 0.000


1 2 2.5 2.25 0 852.75 120.00 270.00 0.00 270.00 0.30 650.00 NA NA 0.00 Clay N 270.00 0.000


1 2.5 3 2.75 0 852.25 120.00 330.00 0.00 330.00 0.30 650.00 NA NA 0.00 Clay N 330.00 0.000


2 3 3.5 3.25 0.25 851.75 120.00 390.00 0.00 390.00 0.30 650.00 NA NA 5054.69 Clay N 390.00 0.047


2 3.5 4 3.75 0.75 851.25 120.00 450.00 0.00 450.00 0.30 650.00 NA NA 4884.54 Clay N 450.00 0.045


2 4 4.5 4.25 1.25 850.75 120.00 510.00 0.00 510.00 0.30 650.00 NA NA 4715.77 Clay N 510.00 0.044


2 4.5 5 4.75 1.75 850.25 120.00 570.00 0.00 570.00 0.30 650.00 NA NA 4549.23 Clay N 570.00 0.042


2 5 5.5 5.25 2.25 849.75 120.00 630.00 0.00 630.00 0.30 650.00 NA NA 4385.72 Clay N 630.00 0.040


2 5.5 6 5.75 2.75 849.25 120.00 690.00 0.00 690.00 0.30 650.00 NA NA 4225.96 Clay N 690.00 0.039


2 6 6.5 6.25 3.25 848.75 120.00 750.00 0.00 750.00 0.30 650.00 NA NA 4070.54 Clay N 750.00 0.038


2 6.5 7 6.75 3.75 848.25 120.00 810.00 0.00 810.00 0.30 650.00 NA NA 3919.97 Clay N 810.00 0.036


2 7 7.5 7.25 4.25 847.75 120.00 870.00 0.00 870.00 0.30 650.00 NA NA 3774.63 Clay N 870.00 0.035


2 7.5 8 7.75 4.75 847.25 120.00 930.00 0.00 930.00 0.30 650.00 NA NA 3634.79 Clay N 930.00 0.034


2 8 8.5 8.25 5.25 846.75 120.00 990.00 0.00 990.00 0.30 650.00 NA NA 3500.63 Clay N 990.00 0.032


2 8.5 9 8.75 5.75 846.25 120.00 1050.00 0.00 1050.00 0.30 650.00 NA NA 3372.22 Clay N 1050.00 0.031


2 9 9.5 9.25 6.25 845.75 120.00 1110.00 0.00 1110.00 0.30 650.00 NA NA 3249.59 Clay N 1110.00 0.030


2 9.5 10 9.75 6.75 845.25 120.00 1170.00 0.00 1170.00 0.30 650.00 NA NA 3132.67 Clay N 1170.00 0.029


2 10 10.5 10.25 7.25 844.75 120.00 1230.00 0.00 1230.00 0.30 650.00 NA NA 3021.34 Clay N 1230.00 0.028


2 10.5 11 10.75 7.75 844.25 120.00 1290.00 0.00 1290.00 0.30 650.00 NA NA 2915.46 Clay N 1290.00 0.027


2 11 11.5 11.25 8.25 843.75 120.00 1350.00 0.00 1350.00 0.30 650.00 NA NA 2814.84 Clay N 1350.00 0.026


2 11.5 12 11.75 8.75 843.25 120.00 1410.00 0.00 1410.00 0.30 650.00 NA NA 2719.27 Clay N 1410.00 0.025


2 12 12.5 12.25 9.25 842.75 120.00 1470.00 0.00 1470.00 0.30 650.00 NA NA 2628.54 Clay N 1470.00 0.024


2 12.5 13 12.75 9.75 842.25 120.00 1530.00 0.00 1530.00 0.30 650.00 NA NA 2542.41 Clay N 1530.00 0.023


2 13 13.5 13.25 10.25 841.75 120.00 1590.00 0.00 1590.00 0.30 650.00 NA NA 2460.66 Clay N 1590.00 0.023


2 13.5 14 13.75 10.75 841.25 120.00 1650.00 0.00 1650.00 0.30 650.00 NA NA 2383.05 Clay N 1650.00 0.022


2 14 14.5 14.25 11.25 840.75 120.00 1710.00 0.00 1710.00 0.30 650.00 NA NA 2309.36 Clay N 1710.00 0.021


2 14.5 15 14.75 11.75 840.25 120.00 1770.00 0.00 1770.00 0.30 650.00 NA NA 2239.37 Clay N 1770.00 0.021


2 15 15.5 15.25 12.25 839.75 120.00 1830.00 0.00 1830.00 0.30 650.00 NA NA 2172.86 Clay N 1830.00 0.020


2 15.5 16 15.75 12.75 839.25 120.00 1890.00 0.00 1890.00 0.30 650.00 NA NA 2109.64 Clay N 1890.00 0.019


2 16 16.5 16.25 13.25 838.75 120.00 1950.00 0.00 1950.00 0.30 650.00 NA NA 2049.50 Clay N 1950.00 0.019


2 16.5 17 16.75 13.75 838.25 120.00 2010.00 0.00 2010.00 0.30 650.00 NA NA 1992.27 Clay N 2010.00 0.018


2 17 17.5 17.25 14.25 837.75 120.00 2070.00 0.00 2070.00 0.30 650.00 NA NA 1937.77 Clay N 2070.00 0.018


2 17.5 18 17.75 14.75 837.25 120.00 2130.00 0.00 2130.00 0.30 650.00 NA NA 1885.84 Clay N 2130.00 0.017


2 18 18.5 18.25 15.25 836.75 120.00 2190.00 0.00 2190.00 0.30 650.00 NA NA 1836.33 Clay N 2190.00 0.017


2 18.5 19 18.75 15.75 836.25 120.00 2250.00 0.00 2250.00 0.30 650.00 NA NA 1789.09 Clay N 2250.00 0.017


2 19 19.5 19.25 16.25 835.75 120.00 2310.00 0.00 2310.00 0.30 650.00 NA NA 1743.99 Clay N 2310.00 0.016


2 19.5 20 19.75 16.75 835.25 120.00 2370.00 0.00 2370.00 0.30 650.00 NA NA 1700.90 Clay N 2370.00 0.016


2 20 20.5 20.25 17.25 834.75 120.00 2430.00 0.00 2430.00 0.30 650.00 NA NA 1659.71 Clay N 2430.00 0.015


2 20.5 21 20.75 17.75 834.25 120.00 2490.00 0.00 2490.00 0.30 650.00 NA NA 1620.30 Clay N 2490.00 0.015


2 21 21.5 21.25 18.25 833.75 120.00 2550.00 0.00 2550.00 0.30 650.00 NA NA 1582.57 Clay N 2550.00 0.015


2 21.5 22 21.75 18.75 833.25 120.00 2610.00 0.00 2610.00 0.30 650.00 NA NA 1546.43 Clay N 2610.00 0.014


2 22 22.5 22.25 19.25 832.75 120.00 2670.00 0.00 2670.00 0.30 650.00 NA NA 1511.78 Clay N 2670.00 0.014


2 22.5 23 22.75 19.75 832.25 120.00 2730.00 0.00 2730.00 0.30 650.00 NA NA 1478.54 Clay N 2730.00 0.014


2 23 23.5 23.25 20.25 831.75 120.00 2790.00 0.00 2790.00 0.30 650.00 NA NA 1446.64 Clay N 2790.00 0.013


Estimated Settlement 1.04


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 247 SW\Calculations\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW247 (width 10.25 ft) (Elastic Modulus and 
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3.436


Name: Artificial Fill 
Unit Weight: 120 pcf


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 247 @ Station 253+95
Static Analysis


Surcharge Load = 240 psf


Wall Height = 13 ft
Width of Wall = 10.25 ft


Name: Alluvium 1 
Unit Weight: 120 pcf
Cohesion: 430 psf
Phi: 33 °


Wall 247
Cohesion: 100 psf
Phi: 34 °
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2.704


Name: Artificial Fill 


Unit Weight: 120 pcf


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 247 @ Station 253+95
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 13 ft
Width of Wall = 10.25 ft


Name: Alluvium 1 


Unit Weight: 120 pcf


Cohesion: 430 psf


Phi: 33 °


Wall 247
Cohesion: 100 psf


Phi: 34 °
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Seismic Lateral Earth Pressure


Page 1  of  1


Project Name: SR91 SW & RW Sheet 1  of  1


Project No. : 30989802 Computed by SP Date 05/28/08


Wall No.: RW 247 Checked by Date 05/28/08


      Calculations based on Mononabe-Okabe equations (Mononobe, 1929; Okabe, 1926)


       - see attached


      Active seismic lateral earth pressure


0.13


0


γ = 120 pcf


= 18.84 kN/m
3


34 deg


(2/3)*φ = 22.7 deg


angle of sloping backfill α = 0 deg


wall batter θ = 0 deg


7.6 deg


0.34


(1-Kv) KAE γ


= 6.4 kPa/m


= 41 psf/ft


   Notes: * Kh = one-third the peak bedrock acceleration (PBA = 0.4g)
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Project No. 30989802 June 2008 State Route 91 Soundwalls and Retaining Walls Fig. 1


Note: Pile is Class 90 Con. Alt "Y" 


Displacement Friction Concrete. 


Diameter = 1.25 ft. Pile batter is 0 


degrees.


Ultimate Axial Compression and Tension Capacity of Driven Pile for Retaining Wall and Soundwall 247


Note that end bearing is zero, so the total 


capacity in compression equals the 


friction capacity in compression.


Tension


Compression







State Route 91 Soundwalls and Retaining Walls Date: 6/9/2008


Retaining Wall and Soundwall 247


Pile Type
Existing/   


Proposed


Pile Head 


Condition


Moment of 


Inertia                


(in
4
)


Pile Head 


Deflection          


(in)


Lateral 


Load 


per 


Single 


pile 


(kips)


Group 


Lateral 


Load 


per pile 


(kips)


Mmax       


(lbs . in)


Mmax       


(kips-in)


Depth to 


Mmax        


(in)


Free 2485 0.25 11.9 11.9 382142 382 60


0.50 16.6 16.6 612351 612 66


1.00 23.0 23.0 976816 977 78


Level ground and Pile Spacing >= 5d


Proposed
Class 90 Alt "Y" 


Concrete Pile







Shear Force (kips)
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RW 247 Lateral Pile Capacity SHEAR - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 247 SW\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 247 Lateral Pile Capacity SHEAR - Free Head.lpd
Name of output file:         RW 247 Lateral Pile Capacity SHEAR - Free Head.lpo
Name of plot output file:    RW 247 Lateral Pile Capacity SHEAR - Free Head.lpp
Name of runtime file:        RW 247 Lateral Pile Capacity SHEAR - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  4, 2008     Time:  10:40:29


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Only summary tables of pile-head deflection, maximum bending moment,


Page 1







RW 247 Lateral Pile Capacity SHEAR - Free Head
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =        .00 in


Slope angle of ground surface             =        .00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  8 layers


Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =         .000 in
Distance from top of pile to bottom of layer =      116.000 in


Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      116.000 in
Distance from top of pile to bottom of layer =      176.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      176.000 in
Distance from top of pile to bottom of layer =      302.000 in


Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      302.000 in
Distance from top of pile to bottom of layer =      356.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


Layer  5 is stiff clay without free water
Distance from top of pile to top of layer    =      356.000 in
Distance from top of pile to bottom of layer =      416.000 in


Layer  6 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      416.000 in
Distance from top of pile to bottom of layer =      476.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


Layer  7 is stiff clay without free water
Distance from top of pile to top of layer    =      476.000 in
Distance from top of pile to bottom of layer =      650.000 in


Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      650.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3
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RW 247 Lateral Pile Capacity SHEAR - Free Head
(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 16 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1              .00         .06900
  2           116.00         .06900
  3           116.00         .06900
  4           176.00         .06900
  5           176.00         .06900
  6           302.00         .06900
  7           302.00         .06900
  8           356.00         .06900
  9           356.00         .06900
 10           416.00         .06900
 11           416.00         .06900
 12           476.00         .06900
 13           476.00         .06900
 14           650.00         .06900
 15           650.00         .06900
 16           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 16 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1         .000        9.97000             .00           .01000        .0
  2      116.000        9.97000             .00           .01000        .0
  3      116.000         .00000           33.00           ------    ------
  4      176.000         .00000           33.00           ------    ------
  5      176.000       18.10000             .00           .00500        .0
  6      302.000       18.10000             .00           .00500        .0
  7      302.000         .00000           36.00           ------    ------
  8      356.000         .00000           36.00           ------    ------
  9      356.000       45.30000             .00           .00400        .0
 10      416.000       45.30000             .00           .00400        .0
 11      416.000         .00000           36.00           ------    ------
 12      476.000         .00000           36.00           ------    ------
 13      476.000       44.10000             .00           .00400        .0
 14      650.000       44.10000             .00           .00400        .0
 15      650.000         .00000           34.00           ------    ------
 16      800.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------
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RW 247 Lateral Pile Capacity SHEAR - Free Head


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .8500         1.0000
  2          600.000          .8500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------
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RW 247 Lateral Pile Capacity SHEAR - Free Head
Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     382142.  11923.2894
  4  y=   .500000 M=     0.000  90000.0000    .5000000     612351.  16571.2864
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000     976816.  22954.6124


The analysis ended normally. 
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RW 247 Lateral Pile Capacity MOMENT - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 247 SW\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 247 Lateral Pile Capacity MOMENT - Free Head.lpd
Name of output file:         RW 247 Lateral Pile Capacity MOMENT - Free Head.lpo
Name of plot output file:    RW 247 Lateral Pile Capacity MOMENT - Free Head.lpp
Name of runtime file:        RW 247 Lateral Pile Capacity MOMENT - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  4, 2008     Time:  10:44:48


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
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RW 247 Lateral Pile Capacity MOMENT - Free Head
- Printing Increment (spacing of output points) =  1


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =        .00 in


Slope angle of ground surface             =        .00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  8 layers


Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =         .000 in
Distance from top of pile to bottom of layer =      116.000 in


Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      116.000 in
Distance from top of pile to bottom of layer =      176.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      176.000 in
Distance from top of pile to bottom of layer =      302.000 in


Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      302.000 in
Distance from top of pile to bottom of layer =      356.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


Layer  5 is stiff clay without free water
Distance from top of pile to top of layer    =      356.000 in
Distance from top of pile to bottom of layer =      416.000 in


Layer  6 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      416.000 in
Distance from top of pile to bottom of layer =      476.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


Layer  7 is stiff clay without free water
Distance from top of pile to top of layer    =      476.000 in
Distance from top of pile to bottom of layer =      650.000 in


Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      650.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3
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RW 247 Lateral Pile Capacity MOMENT - Free Head
(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 16 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1              .00         .06900
  2           116.00         .06900
  3           116.00         .06900
  4           176.00         .06900
  5           176.00         .06900
  6           302.00         .06900
  7           302.00         .06900
  8           356.00         .06900
  9           356.00         .06900
 10           416.00         .06900
 11           416.00         .06900
 12           476.00         .06900
 13           476.00         .06900
 14           650.00         .06900
 15           650.00         .06900
 16           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 16 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1         .000        9.97000             .00           .01000        .0
  2      116.000        9.97000             .00           .01000        .0
  3      116.000         .00000           33.00           ------    ------
  4      176.000         .00000           33.00           ------    ------
  5      176.000       18.10000             .00           .00500        .0
  6      302.000       18.10000             .00           .00500        .0
  7      302.000         .00000           36.00           ------    ------
  8      356.000         .00000           36.00           ------    ------
  9      356.000       45.30000             .00           .00400        .0
 10      416.000       45.30000             .00           .00400        .0
 11      416.000         .00000           36.00           ------    ------
 12      476.000         .00000           36.00           ------    ------
 13      476.000       44.10000             .00           .00400        .0
 14      650.000       44.10000             .00           .00400        .0
 15      650.000         .00000           34.00           ------    ------
 16      800.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------
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RW 247 Lateral Pile Capacity MOMENT - Free Head


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .8500         1.0000
  2          600.000          .8500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000  11923.2894   -.0040244    508.4746   -172.2954   2067.5453
   6.000   .225854  70611.5759  10861.9051   -.0039981    721.5880   -181.4993   4821.6856
  12.000   .202022     134661.   9748.4215   -.0039219    914.8956   -189.6619   5632.8969
  18.000   .178791     191828.   8589.2934   -.0038006   1087.4331   -196.7142   6601.4727
  24.000   .156415     241837.   7391.3945   -.0036395   1238.3650   -202.5854   7771.0713
  30.000   .135117     284456.   6162.0342   -.0034440   1366.9927   -207.2013   9200.9777
  36.000   .115087     319501.   4908.9834   -.0032197   1472.7632   -210.4823  10973.4016
  42.000   .096481     346841.   3640.5151   -.0029722   1555.2776   -212.3405  13205.1442
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  48.000   .079421     366397.   2365.4655   -.0027072   1614.3008   -212.6760  16067.0074
  54.000   .063994     378150.   1093.3298   -.0024307   1649.7727   -211.3692  19817.6677
  60.000   .050253     382142.   -165.5858   -.0021482   1661.8211   -208.2693  24866.4476
  66.000   .038215     378483.  -1399.9082   -.0018657   1650.7779   -203.1715  31898.8968
  72.000   .027865     367358.  -2596.7413   -.0015886   1617.2015   -195.7729  42154.8895
  78.000   .019152     349038.  -3740.7784   -.0013225   1561.9092   -185.5728  58137.7403
  84.000   .011994     323897.  -4812.3312   -.0010726   1486.0315   -171.6115  85845.4527
  90.000   .006281     292448.  -5781.8988   -.0008436   1391.1156   -151.5777     144797.
  96.000   .001871     255426.  -6585.5773   -.0006401   1279.3765   -116.3151     372986.
 102.000  -.001400     214113.  -6600.8874   -.0004657   1154.6902    111.2118     476544.
 108.000  -.003717     176718.  -5825.7951   -.0003205   1041.8281    147.1523     237525.
 114.000  -.005246     144549.  -4887.1082   -.0002012    944.7404    165.7433     189554.
 120.000  -.006131     118290.  -4227.8629   -.0001035    865.4859     54.0051  52849.6674
 126.000  -.006489  93926.8614  -3885.4481 -2.4706E-05    791.9560     60.1331  55603.6674
 132.000  -.006428  71691.0694  -3517.4973  3.6814E-05    724.8460     62.5172  58357.6674
 138.000  -.006047  51677.1341  -3145.1751  8.2640E-05    664.4418     61.5902  61111.6674
 144.000  -.005436  33859.7160  -2786.8185    .0001144    610.6669     57.8620  63865.6674
 150.000  -.004674  18111.7450  -2457.5418    .0001337    563.1378     51.8969  66619.6674
 156.000  -.003831   4224.7981  -2168.9539    .0001420    521.2255     44.2990  69373.6674
 162.000  -.002970  -8069.0796  -1928.9536    .0001406    532.8279     35.7011  72127.6674
 168.000  -.002144 -19074.4810  -1741.5668    .0001305    566.0434     26.7612  74881.6674
 174.000  -.001404 -29108.8272  -1606.7924    .0001126    596.3282     18.1636  77635.6674
 180.000  -.000793 -38477.6057   -758.0940  8.7502E-05    624.6042    264.7358    2003072.
 186.000  -.000354 -38300.4577    685.1249  5.8982E-05    624.0695    216.3371    3669470.
 192.000 -8.52E-05 -30319.8074   1542.3394  3.3492E-05    599.9830     69.4010    4887000.
 198.000  4.82E-05 -19828.5564   1632.8368  1.4864E-05    568.3193    -39.2352    4887000.
 204.000  9.32E-05 -10741.8194   1287.4879  3.5085E-06    540.8946    -75.8810    4887000.
 210.000  9.03E-05  -4382.4908    839.2634 -2.1096E-06    521.7014    -73.5271    4887000.
 216.000  6.78E-05   -668.3803    452.8963 -3.9858E-06    510.4918    -55.2619    4887000.
 222.000  4.24E-05   1056.5692    183.4003 -3.8416E-06    511.6634    -34.5701    4887000.
 228.000  2.17E-05   1536.5721     26.5473 -2.8783E-06    513.1121    -17.7142    4887000.
 234.000  7.90E-06   1378.2457    -45.9069 -1.7956E-06    512.6343     -6.4372    4887000.
 240.000  2.01E-07    987.6280    -65.7105 -9.1678E-07    511.4553   -.1640236    4887000.
 246.000 -3.10E-06    590.7092    -58.6324 -3.3049E-07    510.2574      2.5234    4887000.
 252.000 -3.76E-06    284.3959    -41.8637 -5.4224E-09    509.3329      3.0662    4887000.
 258.000 -3.16E-06     88.3507    -24.9360  1.3304E-07    508.7412      2.5764    4887000.
 264.000 -2.17E-06    -14.9795    -11.9092  1.6029E-07    508.5198      1.7659    4887000.
 270.000 -1.24E-06    -54.7328     -3.5825  1.3440E-07    508.6398      1.0097    4887000.
 276.000 -5.55E-07    -58.1149    .8033692  9.2479E-08    508.6500    .4522616    4887000.
 282.000 -1.30E-07    -45.1923      2.4776  5.4104E-08    508.6110    .1058156    4887000.
 288.000  9.40E-08    -28.4421      2.5654  2.6752E-08    508.5604   -.0765533    4887000.
 294.000  1.91E-07    -14.4365      1.8688  1.0824E-08    508.5181   -.1556589    4887000.
 300.000  2.24E-07     -6.0288    .8547226  3.2223E-09    508.4928   -.1823505    4887000.
 306.000  2.30E-07     -4.1833    .2809218 -5.7110E-10    508.4872   -.0089164     232828.
 312.000  2.17E-07     -2.6571    .2281605 -3.1121E-09    508.4826   -.0086707     239713.
 318.000  1.92E-07     -1.4420    .1784217 -4.6347E-09    508.4789   -.0079089     246598.
 324.000  1.61E-07   -.5110813    .1342377 -5.3603E-09    508.4761   -.0068191     253483.
 330.000  1.28E-07    .1745981    .0971026 -5.4852E-09    508.4751   -.0055593     260368.
 336.000  9.56E-08    .6600740    .0676518 -5.1752E-09    508.4766   -.0042577     267253.
 342.000  6.60E-08    .9920095    .0458314 -4.5615E-09    508.4776   -.0030158     274138.
 348.000  4.08E-08      1.2150    .0310441 -3.7417E-09    508.4782   -.0019133     281023.
 354.000  2.11E-08      1.3686    .0222659 -2.7820E-09    508.4787   -.0010128     287908.
 360.000  7.46E-09      1.4852   -.0290426 -1.7220E-09    508.4791   -.0160901  1.2933E+07
 366.000  4.43E-10      1.0219   -.0801780 -7.9068E-10    508.4777   -.0009551  1.2933E+07
 372.000 -2.02E-09    .5238901   -.0699595 -2.1647E-10    508.4762    .0043613  1.2933E+07
 378.000 -2.15E-09    .1826476   -.0429435  4.5977E-11    508.4751    .0046441  1.2933E+07
 384.000 -1.47E-09    .0085189   -.0194951  1.1699E-10    508.4746    .0031720  1.2933E+07
 390.000 -7.51E-10   -.0514198   -.0051245  1.0105E-10    508.4747    .0016181  1.2933E+07
 396.000 -2.59E-10   -.0530844    .0014048  6.2233E-11    508.4747    .0005583  1.2933E+07
 402.000 -3.93E-12   -.0346292    .0031051  2.9651E-11    508.4747  8.4733E-06  1.2933E+07
 408.000  9.68E-11   -.0158551    .0025046  1.0898E-11    508.4746   -.0002086  1.2933E+07
 414.000  1.27E-10   -.0045853    .0010585  3.3050E-12    508.4746   -.0002734  1.2933E+07
 420.000  1.36E-10   -.0031562    .0002168  4.2932E-13    508.4746 -7.1872E-06     316032.
 426.000  1.32E-10   -.0019845    .0001739 -1.4802E-12    508.4746 -7.1039E-06     322917.
 432.000  1.19E-10   -.0010678    .0001330 -2.6140E-12    508.4746 -6.5240E-06     329802.
 438.000  1.01E-10   -.0003855  9.6505E-05 -3.1538E-12    508.4746 -5.6466E-06     336687.
 444.000  8.08E-11  9.3700E-05  6.5678E-05 -3.2622E-12    508.4746 -4.6293E-06     343572.
 450.000  6.15E-11    .0004062  4.1017E-05 -3.0765E-12    508.4746 -3.5910E-06     350457.
 456.000  4.39E-11    .0005892  2.2396E-05 -2.7068E-12    508.4746 -2.6160E-06     357342.
 462.000  2.90E-11    .0006779  9.2669E-06 -2.2361E-12    508.4746 -1.7603E-06     364227.
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 468.000  1.71E-11    .0007028  8.1459E-07 -1.7232E-12    508.4746 -1.0572E-06     371112.
 474.000  8.32E-12    .0006895 -3.9291E-06 -1.2060E-12    508.4746 -5.2408E-07     377997.
 480.000  2.62E-12    .0006570 -2.1989E-05 -7.0588E-13    508.4746 -5.4959E-06  1.2590E+07
 486.000 -1.52E-13    .0004264 -3.7521E-05 -3.0344E-13    508.4746  3.1853E-07  1.2590E+07
 492.000 -1.02E-12    .0002071 -3.0131E-05 -6.8142E-14    508.4746  2.1448E-06  1.2590E+07
 498.000 -9.70E-13  6.4883E-05 -1.7594E-05  3.2877E-14    508.4746  2.0344E-06  1.2590E+07
 504.000 -6.28E-13 -4.0909E-06 -7.5395E-06  5.5459E-14    508.4746  1.3170E-06  1.2590E+07
 510.000 -3.04E-13 -2.5651E-05 -1.6748E-06  4.4411E-14    508.4746  6.3791E-07  1.2590E+07
 516.000 -9.47E-14 -2.4236E-05  8.3515E-07  2.5880E-14    508.4746  1.9873E-07  1.2590E+07
 522.000  6.55E-15 -1.5657E-05  1.3901E-06  1.1061E-14    508.4746 -1.3750E-08  1.2590E+07
 528.000  3.80E-14 -7.5669E-06  1.1095E-06  2.4342E-15    508.4746 -7.9785E-08  1.2590E+07
 534.000  3.58E-14 -2.3458E-06  6.4501E-07 -1.2480E-15    508.4746 -7.5044E-08  1.2590E+07
 540.000  2.30E-14  1.7457E-07  2.7479E-07 -2.0545E-15    508.4746 -4.8361E-08  1.2590E+07
 546.000  1.11E-14  9.5390E-07  5.9777E-08 -1.6353E-15    508.4746 -2.3311E-08  1.2590E+07
 552.000  3.42E-15  8.9366E-07 -3.1706E-08 -9.4903E-16    508.4746 -7.1832E-09  1.2590E+07
 558.000 -2.79E-16  5.7446E-07 -5.1498E-08 -4.0368E-16    508.4746  5.8572E-10  1.2590E+07
 564.000 -1.42E-15  2.7611E-07 -4.0797E-08 -8.7730E-17    508.4746  2.9815E-09  1.2590E+07
 570.000 -1.33E-15  8.4992E-08 -2.3468E-08  4.6405E-17    508.4746  2.7948E-09  1.2590E+07
 576.000 -8.64E-16 -5.5502E-09 -9.6442E-09  7.5915E-17    508.4746  1.8130E-09  1.2590E+07
 582.000 -4.21E-16 -3.0820E-08 -1.5554E-09  6.2404E-17    508.4746  8.8322E-10  1.2590E+07
 588.000 -1.15E-16 -2.4282E-08  1.8193E-09  4.1936E-17    508.4746  2.4168E-10  1.2590E+07
 594.000  8.23E-17 -9.0337E-09  2.0262E-09  2.9561E-17    508.4746 -1.7274E-10  1.2590E+07
 600.000  2.40E-16      0.0000      0.0000  2.6205E-17    508.4746 -5.0266E-10    6295060.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  1:


Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00402437
Maximum bending moment           =   382142.15176 lbs-in
Maximum shear force              =    11923.28941 lbs
Depth of maximum bending moment  =    60.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             18
Number of zero deflection points =             10


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  16571.2864   -.0071843    508.4746   -204.8950   1229.3698
   6.000   .456894  99619.1432  15307.2307   -.0071473    809.1360   -216.4569   2842.5441
  12.000   .414232     191406.  13976.9950   -.0070392   1086.1583   -226.9550   3287.3592
  18.000   .372423     274945.  12587.1608   -.0068660   1338.2898   -236.3231   3807.3280
  24.000   .331840     349867.  11144.7110   -.0066339   1564.4114   -244.4935   4420.6830
  30.000   .292817     415847.   9657.0413   -.0063495   1763.5447   -251.3964   5151.2689
  36.000   .255647     472609.   8131.9785   -.0060194   1934.8598   -256.9579   6030.7703
  42.000   .220584     519931.   6577.8065   -.0056507   2077.6837   -261.0994   7102.0529
  48.000   .187838     557645.   5003.3052   -.0052505   2191.5092   -263.7344   8424.3162
  54.000   .157578     585641.   3417.8059   -.0048258   2276.0042   -264.7654  10081.3093
  60.000   .129929     603871.   1831.2735   -.0043839   2331.0228   -264.0788  12194.9563
  66.000   .104971     612351.    254.4294   -.0039322   2356.6176   -261.5359  14949.0625
  72.000   .082743     611171.  -1301.0544   -.0034777   2353.0546   -256.9587  18633.0858
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  78.000   .063239     600495.  -2822.2382   -.0030276   2320.8326   -250.1026  23729.3169
  84.000   .046412     580574.  -4294.3595   -.0025889   2260.7093   -240.6045  31104.7530
  90.000   .032173     551758.  -5699.7727   -.0021682   2173.7410   -227.8666  42495.7896
  96.000   .020393     514518.  -7015.6489   -.0017722   2061.3464   -210.7588  62009.5758
 102.000   .010907     469484.  -8207.8035   -.0014066   1925.4296   -186.6260     102668.
 108.000   .003513     417544.  -9204.3099   -.0010772   1768.6670   -145.5428     248572.
 114.000  -.002019     360196.  -9250.0543   -.0007883   1595.5853    130.2946     387165.
 120.000  -.005946     307394.  -8702.0499   -.0005403   1436.2243     52.3735  52849.6674
 126.000  -.008502     256355.  -8308.5456   -.0003309   1282.1816     78.7946  55603.6674
 132.000  -.009916     208049.  -7782.8168   -.0001584   1136.3896     96.4483  58357.6674
 138.000  -.010403     163132.  -7175.6088 -2.0474E-05   1000.8251    105.9543  61111.6674
 144.000  -.010162     121964.  -6533.2459  8.5427E-05    876.5752    108.1667  63865.6674
 150.000  -.009378  84640.9217  -5896.3809    .0001622    763.9301    104.1217  66619.6674
 156.000  -.008216  51032.2754  -5299.0329    .0002126    662.4955     94.9943  69373.6674
 162.000  -.006827  20822.9509  -4767.8523    .0002393    571.3205     82.0659  72127.6674
 168.000  -.005345  -6440.3538  -4321.5427    .0002446    527.9123     66.7039  74881.6674
 174.000  -.003891 -31299.7337  -3970.3722    .0002306    602.9406     50.3529  77635.6674
 180.000  -.002578 -54333.8522  -2752.7389    .0001988    672.4600    355.5249     827531.
 186.000  -.001506 -64547.2784   -753.6813    .0001546    703.2853    310.8277    1238216.
 192.000  -.000722 -63545.0127    954.7603    .0001070    700.2603    258.6528    2148468.
 198.000  -.000222 -53205.7523   2272.5746  6.3667E-05    669.0553    180.6186    4887000.
 204.000  4.17E-05 -36342.8779   2712.6262  3.0403E-05    618.1613    -33.9347    4887000.
 210.000   .000143 -20687.0725   2261.2025  9.2186E-06    570.9104   -116.5399    4887000.
 216.000   .000152  -9218.4036   1539.4700 -1.8900E-06    536.2967   -124.0376    4887000.
 222.000   .000120  -2211.3914    873.1572 -6.1357E-06    515.1488    -98.0666    4887000.
 228.000  7.87E-05   1266.1089    386.7567 -6.4869E-06    512.2958    -64.0669    4887000.
 234.000  4.26E-05   2436.6943     90.5644 -5.1114E-06    515.8288    -34.6639    4887000.
 240.000  1.73E-05   2358.4023    -55.7502 -3.3303E-06    515.5925    -14.1077    4887000.
 246.000  2.60E-06   1771.2881   -104.4152 -1.7962E-06    513.8205     -2.1140    4887000.
 252.000 -4.23E-06   1107.3598   -100.4108 -7.2694E-07    511.8167      3.4488    4887000.
 258.000 -6.13E-06    567.1435    -75.0911 -1.0493E-07    510.1863      4.9911    4887000.
 264.000 -5.49E-06    206.3800    -46.6946  1.8240E-07    509.0975      4.4744    4887000.
 270.000 -3.94E-06      6.6107    -23.6466  2.6152E-07    508.4945      3.2083    4887000.
 276.000 -2.36E-06    -77.6621     -8.2670  2.3513E-07    508.7090      1.9183    4887000.
 282.000 -1.12E-06    -92.8466    .2183090  1.7179E-07    508.7548    .9101648    4887000.
 288.000 -2.94E-07    -75.2279      3.6663  1.0936E-07    508.7016    .2391679    4887000.
 294.000  1.95E-07    -48.9690      3.9077  6.3224E-08    508.6224   -.1587031    4887000.
 300.000  4.65E-07    -28.4038      2.2952  3.4483E-08    508.5603   -.3787849    4887000.
 306.000  6.09E-07    -21.4634      1.0880  1.5960E-08    508.5394   -.0236183     232828.
 312.000  6.57E-07    -15.3647    .9384794  2.2794E-09    508.5209   -.0262312     239713.
 318.000  6.36E-07    -10.2041    .7813677 -7.2183E-09    508.5054   -.0261393     246598.
 324.000  5.70E-07     -5.9805    .6307139 -1.3230E-08    508.4926   -.0240786     253483.
 330.000  4.77E-07     -2.6213    .4963496 -1.6425E-08    508.4825   -.0207095     260368.
 336.000  3.73E-07   -.0065586    .3843997 -1.7402E-08    508.4746   -.0166071     267253.
 342.000  2.68E-07      2.0103    .2977867 -1.6657E-08    508.4806   -.0122639     274138.
 348.000  1.73E-07      3.5849    .2366932 -1.4579E-08    508.4854   -.0081006     281023.
 354.000  9.35E-08      4.8664    .1989359 -1.1440E-08    508.4893   -.0044851     287908.
 360.000  3.57E-08      5.9845   -.0452266 -7.4090E-09    508.4926   -.0769024  1.2933E+07
 366.000  4.56E-09      4.3317   -.3054337 -3.5770E-09    508.4876   -.0098333  1.2933E+07
 372.000 -7.25E-09      2.3231   -.2880816 -1.1050E-09    508.4816    .0156174  1.2933E+07
 378.000 -8.70E-09    .8758702   -.1849865  8.3305E-11    508.4772    .0187477  1.2933E+07
 384.000 -6.25E-09    .1031883   -.0883556  4.4699E-10    508.4749    .0134626  1.2933E+07
 390.000 -3.33E-09   -.1848802   -.0264092  4.1664E-10    508.4751    .0071862  1.2933E+07
 396.000 -1.25E-09   -.2141720    .0032075  2.6841E-10    508.4752    .0026860  1.2933E+07
 402.000 -1.13E-10   -.1466802    .0119966  1.3437E-10    508.4750    .0002437  1.2933E+07
 408.000  3.66E-10   -.0703574    .0103594  5.3746E-11    508.4748   -.0007894  1.2933E+07
 414.000  5.32E-10   -.0224252    .0045517  1.9281E-11    508.4746   -.0011465  1.2933E+07
 420.000  5.98E-10   -.0157581    .0010177  5.0979E-12    508.4746 -3.1478E-05     316032.
 426.000  5.93E-10   -.0102179    .0008275 -4.5512E-12    508.4746 -3.1919E-05     322917.
 432.000  5.43E-10   -.0058227    .0006422 -1.0510E-11    508.4746 -2.9847E-05     329802.
 438.000  4.67E-10   -.0024996    .0004741 -1.3601E-11    508.4746 -2.6204E-05     336687.
 444.000  3.80E-10   -.0001189    .0003302 -1.4574E-11    508.4746 -2.1748E-05     343572.
 450.000  2.92E-10    .0014789    .0002138 -1.4069E-11    508.4746 -1.7060E-05     350457.
 456.000  2.11E-10    .0024620    .0001249 -1.2605E-11    508.4746 -1.2565E-05     357342.
 462.000  1.41E-10    .0029917  6.1594E-05 -1.0579E-11    508.4746 -8.5489E-06     364227.
 468.000  8.40E-11    .0032125  2.0356E-05 -8.2742E-12    508.4746 -5.1970E-06     371112.
 474.000  4.15E-11    .0032449 -3.0857E-06 -5.8755E-12    508.4746 -2.6169E-06     377997.
 480.000  1.35E-11    .0031819 -9.6032E-05 -3.4882E-12    508.4746 -2.8365E-05  1.2590E+07
 486.000 -3.20E-13    .0020963   -.0001791 -1.5275E-12    508.4746  6.7058E-07  1.2590E+07
 492.000 -4.81E-12    .0010341   -.0001468 -3.6471E-13    508.4746  1.0098E-05  1.2590E+07
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 498.000 -4.70E-12    .0003350 -8.6951E-05  1.4387E-13    508.4746  9.8540E-06  1.2590E+07
 504.000 -3.09E-12 -9.4649E-06 -3.7962E-05  2.6480E-13    508.4746  6.4758E-06  1.2590E+07
 510.000 -1.52E-12   -.0001208 -8.9758E-06  2.1641E-13    508.4746  3.1863E-06  1.2590E+07
 516.000 -4.89E-13   -.0001174  3.6630E-06  1.2792E-13    508.4746  1.0267E-06  1.2590E+07
 522.000  1.65E-14 -7.6995E-05  6.6390E-06  5.5703E-14    508.4746 -3.4706E-08  1.2590E+07
 528.000  1.79E-13 -3.7801E-05  5.4071E-06  1.3061E-14    508.4746 -3.7593E-07  1.2590E+07
 534.000  1.73E-13 -1.2125E-05  3.1885E-06 -5.4839E-15    508.4746 -3.6359E-07  1.2590E+07
 540.000  1.13E-13  4.6713E-07  1.3842E-06 -9.8141E-15    508.4746 -2.3785E-07  1.2590E+07
 546.000  5.55E-14  4.4961E-06  3.2122E-07 -7.9705E-15    508.4746 -1.1647E-07  1.2590E+07
 552.000  1.77E-14  4.3303E-06 -1.3964E-07 -4.6918E-15    508.4746 -3.7148E-08  1.2590E+07
 558.000 -7.96E-16  2.8255E-06 -2.4607E-07 -2.0337E-15    508.4746  1.6713E-09  1.2590E+07
 564.000 -6.70E-15  1.3797E-06 -1.9887E-07 -4.7163E-16    508.4746  1.4062E-08  1.2590E+07
 570.000 -6.46E-15  4.3964E-07 -1.1604E-07  2.0420E-16    508.4746  1.3547E-08  1.2590E+07
 576.000 -4.25E-15 -1.2960E-08 -4.8640E-08  3.6269E-16    508.4746  8.9200E-09  1.2590E+07
 582.000 -2.10E-15 -1.4443E-07 -8.6369E-09  3.0423E-16    508.4746  4.4143E-09  1.2590E+07
 588.000 -6.00E-16 -1.1693E-07  8.3842E-09  2.0714E-16    508.4746  1.2594E-09  1.2590E+07
 594.000  3.82E-16 -4.4044E-08  9.7575E-09  1.4735E-16    508.4746 -8.0167E-10  1.2590E+07
 600.000  1.17E-15      0.0000      0.0000  1.3099E-16    508.4746 -2.4508E-09    6295060.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  2:


Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00718432
Maximum bending moment           =   612351.39113 lbs-in
Maximum shear force              =    16571.28642 lbs
Depth of maximum bending moment  =    66.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             17
Number of zero deflection points =             10


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  22954.6124   -.0127505    508.4746   -243.6626    730.9877
   6.000   .923497     140227.  21449.3462   -.0126984    931.6949   -258.0929   1676.8402
  12.000   .847620     271106.  19860.7398   -.0125456   1326.7031   -271.4426   1921.4463
  18.000   .772950     392105.  18195.4617   -.0122992   1691.8904   -283.6501   2201.8242
  24.000   .700029     502735.  16460.5513   -.0119668   2025.7837   -294.6534   2525.4960
  30.000   .629348     602556.  14663.4241   -.0115563   2327.0537   -304.3891   2901.9448
  36.000   .561354     691177.  12811.8802   -.0110757   2594.5217   -312.7923   3343.2632
  42.000   .496440     768260.  10914.1165   -.0105336   2827.1673   -319.7956   3865.0656
  48.000   .434951     833523.   8978.7442   -.0099386   3024.1363   -325.3284   4487.7939
  54.000   .377177     886739.   7014.8128   -.0092996   3184.7485   -329.3154   5238.6284
  60.000   .323356     927744.   5031.8428   -.0086256   3308.5064   -331.6746   6154.3489
  66.000   .273671     956436.   3039.8719   -.0079257   3395.1038   -332.3157   7285.7401
  72.000   .228248     972782.   1049.5191   -.0072090   3444.4364   -331.1352   8704.5982
  78.000   .187162     976816.   -927.9219   -.0064848   3456.6128   -328.0118  10515.3079
  84.000   .150431     968651.  -2880.3451   -.0057622   3431.9673   -322.7959  12874.8848
  90.000   .118016     948475.  -4794.6183   -.0050500   3371.0766   -315.2951  16029.7282
  96.000   .089830     916569.  -6656.2376   -.0043572   3274.7800   -305.2446  20388.1274
 102.000   .065729     873306.  -8448.7275   -.0036924   3144.2083   -292.2520  26677.7197
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 108.000   .045522     819172. -10152.5101   -.0030637   2980.8254   -275.6756  36335.5992
 114.000   .028965     754785. -11742.4914   -.0024790   2786.4980   -254.3182  52680.8647
 120.000   .015773     680940. -12922.2502   -.0019457   2563.6246   -138.9347  52849.6674
 126.000   .005617     601819. -13495.2047   -.0014692   2324.8311    -52.0501  55603.6674
 132.000  -.001857     520584. -13597.1559   -.0010523   2079.6537     18.0664  58357.6674
 138.000  -.007011     439790. -13328.7296   -.0006956   1835.8088     71.4090  61111.6674
 144.000  -.010204     361390. -12788.6548   -.0003979   1599.1902    108.6159  63865.6674
 150.000  -.011786     286756. -12070.2040   -.0001572   1373.9354    130.8677  66619.6674
 156.000  -.012090     216718. -11258.2219  2.9830E-05   1162.5523    139.7930  69373.6674
 162.000  -.011428     151625. -10426.6897    .0001667    966.0957    137.3845  72127.6674
 168.000  -.010091  91417.5036  -9636.7367    .0002569    784.3825    125.9332  74881.6674
 174.000  -.008345  35706.7982  -8934.9939    .0003042    616.2416    107.9811  77635.6674
 180.000  -.006441 -16130.9131  -7270.0228    .0003114    557.1594    447.0093     416423.
 186.000  -.004608 -51869.8180  -4695.6865    .0002862    665.0233    411.1028     535281.
 192.000  -.003007 -72788.2140  -2353.9861    .0002399    728.1573    369.4640     737290.
 198.000  -.001730 -80376.7040   -280.3558    .0001830    751.0602    321.7461    1116069.
 204.000  -.000811 -76350.0903   1483.5107    .0001248    738.9074    266.2094    1969400.
 210.000  -.000233 -62709.3074   2850.7288  7.3096E-05    697.7381    189.5300    4887000.
 216.000  6.61E-05 -42220.2887   3257.7548  3.4119E-05    635.9000    -53.8546    4887000.
 222.000   .000177 -23653.0986   2664.3340  9.6500E-06    579.8622   -143.9523    4887000.
 228.000   .000182 -10258.7025   1787.9552 -2.9468E-06    539.4365   -148.1740    4887000.
 234.000   .000141  -2194.4535    997.9835 -7.5727E-06    515.0977   -115.1499    4887000.
 240.000  9.10E-05   1725.2786    430.0580 -7.7470E-06    513.6817    -74.1586    4887000.
 246.000  4.84E-05   2974.6093     89.2888 -6.0011E-06    517.4523    -39.4311    4887000.
 252.000  1.90E-05   2803.2258    -75.5149 -3.8549E-06    516.9350    -15.5034    4887000.
 258.000  2.15E-06   2072.5940   -127.2849 -2.0437E-06    514.7299     -1.7533    4887000.
 264.000 -5.49E-06   1278.0136   -119.1285 -7.9912E-07    512.3318      4.4721    4887000.
 270.000 -7.44E-06    643.9154    -87.5400 -8.5206E-08    510.4180      6.0574    4887000.
 276.000 -6.51E-06    227.6251    -53.4532  2.3854E-07    509.1616      5.3049    4887000.
 282.000 -4.57E-06      2.2191    -26.3608  3.2391E-07    508.4813      3.7259    4887000.
 288.000 -2.63E-06    -89.0538     -8.7661  2.9166E-07    508.7434      2.1389    4887000.
 294.000 -1.07E-06   -103.2888    .2765793  2.2021E-07    508.7863    .8752737    4887000.
 300.000  1.64E-08    -85.9726      2.8622  1.4991E-07    508.7341   -.0133941    4887000.
 306.000  7.24E-07    -69.1041      2.7377  9.2303E-08    508.6831   -.0281054     232828.
 312.000  1.12E-06    -53.2197      2.5187  4.6865E-08    508.6352   -.0449094     239713.
 318.000  1.29E-06    -38.9306      2.2253  1.2635E-08    508.5921   -.0528811     246598.
 324.000  1.28E-06    -26.5297      1.9050 -1.1681E-08    508.5546   -.0538945     253483.
 330.000  1.15E-06    -16.0583      1.5940 -2.7501E-08    508.5230   -.0497511     260368.
 336.000  9.46E-07     -7.3715      1.3184 -3.6204E-08    508.4968   -.0421229     267253.
 342.000  7.12E-07   -.1981881      1.0945 -3.9016E-08    508.4752   -.0325325     274138.
 348.000  4.77E-07      5.8040    .9297607 -3.6934E-08    508.4921   -.0223645     281023.
 354.000  2.69E-07     10.9988    .8239682 -3.0692E-08    508.5078   -.0128997     287908.
 360.000  1.09E-07     15.7248    .0792024 -2.0765E-08    508.5220   -.2353556  1.2933E+07
 366.000  1.96E-08     11.9717   -.7539016 -1.0477E-08    508.5107   -.0423457  1.2933E+07
 372.000 -1.65E-08      6.6893   -.7740167 -3.5454E-09    508.4948    .0356407  1.2933E+07
 378.000 -2.29E-08      2.6873   -.5190250 -6.2329E-11    508.4827    .0493566  1.2933E+07
 384.000 -1.73E-08    .4610744   -.2591968  1.1072E-09    508.4760    .0372529  1.2933E+07
 390.000 -9.61E-09   -.4242452   -.0852807  1.1208E-09    508.4759    .0207192  1.2933E+07
 396.000 -3.83E-09   -.5635044    .0016617  7.5394E-10    508.4763    .0082616  1.2933E+07
 402.000 -5.65E-10   -.4051193    .0301011  3.9414E-10    508.4758    .0012182  1.2933E+07
 408.000  8.97E-10   -.2027168    .0279571  1.6835E-10    508.4752   -.0019329  1.2933E+07
 414.000  1.46E-09   -.0698162    .0127498  6.7114E-11    508.4748   -.0031362  1.2933E+07
 420.000  1.70E-09   -.0497922    .0030721  2.2685E-11    508.4747 -8.9654E-05     316032.
 426.000  1.73E-09   -.0329758    .0025242 -8.0603E-12    508.4747 -9.2959E-05     322917.
 432.000  1.61E-09   -.0194926    .0019806 -2.7550E-11    508.4746 -8.8243E-05     329802.
 438.000  1.40E-09   -.0091784    .0014808 -3.8200E-11    508.4746 -7.8372E-05     336687.
 444.000  1.15E-09   -.0016820    .0010486 -4.2235E-11    508.4746 -6.5679E-05     343572.
 450.000  8.90E-10    .0034508    .0006957 -4.1577E-11    508.4746 -5.1974E-05     350457.
 456.000  6.48E-10    .0067111    .0004240 -3.7803E-11    508.4746 -3.8596E-05     357342.
 462.000  4.36E-10    .0085792    .0002287 -3.2123E-11    508.4746 -2.6479E-05     364227.
 468.000  2.63E-10    .0094906    .0001006 -2.5411E-11    508.4746 -1.6241E-05     371112.
 474.000  1.31E-10    .0098136  2.7049E-05 -1.8240E-11    508.4746 -8.2695E-06     377997.
 480.000  4.37E-11    .0098349   -.0002728 -1.0941E-11    508.4746 -9.1687E-05  1.2590E+07
 486.000 -3.40E-14    .0065516   -.0005477 -4.8545E-12    508.4746  7.1416E-08  1.2590E+07
 492.000 -1.46E-11    .0032681   -.0004558 -1.2069E-12    508.4746  3.0551E-05  1.2590E+07
 498.000 -1.45E-11    .0010832   -.0002728  4.0946E-13    508.4746  3.0461E-05  1.2590E+07
 504.000 -9.65E-12 -5.5096E-06   -.0001207  8.0979E-13    508.4746  2.0240E-05  1.2590E+07
 510.000 -4.80E-12   -.0003656 -2.9728E-05  6.7194E-13    508.4746  1.0071E-05  1.2590E+07
 516.000 -1.58E-12   -.0003630  1.0446E-05  4.0130E-13    508.4746  3.3208E-06  1.2590E+07
 522.000  1.63E-14   -.0002407  2.0307E-05  1.7707E-13    508.4746 -3.4104E-08  1.2590E+07
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 528.000  5.42E-13   -.0001195  1.6790E-05  4.3292E-14    508.4746 -1.1380E-06  1.2590E+07
 534.000  5.36E-13 -3.9229E-05  1.0004E-05 -1.5665E-14    508.4746 -1.1242E-06  1.2590E+07
 540.000  3.54E-13  5.7571E-07  4.4008E-06 -3.0023E-14    508.4746 -7.4351E-07  1.2590E+07
 546.000  1.75E-13  1.3613E-05  1.0656E-06 -2.4753E-14    508.4746 -3.6821E-07  1.2590E+07
 552.000  5.73E-14  1.3390E-05 -3.9968E-07 -1.4722E-14    508.4746 -1.2024E-07  1.2590E+07
 558.000 -1.19E-15  8.8332E-06 -7.5291E-07 -6.4667E-15    508.4746  2.4914E-09  1.2590E+07
 564.000 -2.03E-14  4.3623E-06 -6.1764E-07 -1.5651E-15    508.4746  4.2597E-08  1.2590E+07
 570.000 -2.00E-14  1.4232E-06 -3.6415E-07  5.8403E-16    508.4746  4.1900E-08  1.2590E+07
 576.000 -1.33E-14 -8.1119E-09 -1.5478E-07  1.1097E-15    508.4746  2.7891E-08  1.2590E+07
 582.000 -6.65E-15 -4.3534E-07 -2.9230E-08  9.4495E-16    508.4746  1.3958E-08  1.2590E+07
 588.000 -1.95E-15 -3.5989E-07  2.4935E-08  6.4956E-16    508.4746  4.0970E-09  1.2590E+07
 594.000  1.14E-15 -1.3681E-07  3.0033E-08  4.6505E-16    508.4746 -2.3979E-09  1.2590E+07
 600.000  3.63E-15      0.0000      0.0000  4.1423E-16    508.4746 -7.6131E-09    6295060.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  3:


Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01275046
Maximum bending moment           =   976816.45880 lbs-in
Maximum shear force              =    22954.61244 lbs
Depth of maximum bending moment  =    78.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             13
Number of zero deflection points =             10


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     382142.  11923.2894
  4  y=   .500000 M=     0.000  90000.0000    .5000000     612351.  16571.2864
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000     976816.  22954.6124


The analysis ended normally. 
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RW 247 Lateral Pile Capacity Critical Depth
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 247 SW\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 247 Lateral Pile Capacity Critical Depth.lpd
Name of output file:         RW 247 Lateral Pile Capacity Critical Depth.lpo
Name of plot output file:    RW 247 Lateral Pile Capacity Critical Depth.lpp
Name of runtime file:        RW 247 Lateral Pile Capacity Critical Depth.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  4, 2008     Time:  10:52:18


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
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RW 247 Lateral Pile Capacity Critical Depth
- Only summary tables of pile-head deflection, maximum bending moment,
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     280.00 in


Depth of ground surface below top of pile =        .00 in


Slope angle of ground surface             =        .00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     280.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  8 layers


Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =         .000 in
Distance from top of pile to bottom of layer =      116.000 in


Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      116.000 in
Distance from top of pile to bottom of layer =      176.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      176.000 in
Distance from top of pile to bottom of layer =      302.000 in


Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      302.000 in
Distance from top of pile to bottom of layer =      356.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


Layer  5 is stiff clay without free water
Distance from top of pile to top of layer    =      356.000 in
Distance from top of pile to bottom of layer =      416.000 in


Layer  6 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      416.000 in
Distance from top of pile to bottom of layer =      476.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


Layer  7 is stiff clay without free water
Distance from top of pile to top of layer    =      476.000 in
Distance from top of pile to bottom of layer =      650.000 in


Layer  8 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      650.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3
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(Depth of lowest layer extends  520.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 16 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1              .00         .06900
  2           116.00         .06900
  3           116.00         .06900
  4           176.00         .06900
  5           176.00         .06900
  6           302.00         .06900
  7           302.00         .06900
  8           356.00         .06900
  9           356.00         .06900
 10           416.00         .06900
 11           416.00         .06900
 12           476.00         .06900
 13           476.00         .06900
 14           650.00         .06900
 15           650.00         .06900
 16           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 16 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1         .000        9.97000             .00           .01000        .0
  2      116.000        9.97000             .00           .01000        .0
  3      116.000         .00000           33.00           ------    ------
  4      176.000         .00000           33.00           ------    ------
  5      176.000       18.10000             .00           .00500        .0
  6      302.000       18.10000             .00           .00500        .0
  7      302.000         .00000           36.00           ------    ------
  8      356.000         .00000           36.00           ------    ------
  9      356.000       45.30000             .00           .00400        .0
 10      416.000       45.30000             .00           .00400        .0
 11      416.000         .00000           36.00           ------    ------
 12      476.000         .00000           36.00           ------    ------
 13      476.000       44.10000             .00           .00400        .0
 14      650.000       44.10000             .00           .00400        .0
 15      650.000         .00000           34.00           ------    ------
 16      800.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
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------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .8500         1.0000
  2          600.000          .8500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  1


Load Case Number  1


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Shear force at pile head    =       22950.000 lbs
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


(Zero moment at pile head for this load indicates a free-head condition)


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Specified shear force at pile head  =       22950.000 lbs
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


(Zero moment for this load indicates free-head conditions)


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
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Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  1  V=    22950. M=     0.000  90000.0000    .9983723     975830.  22950.0000


------------------------------------------------------------------------------
                     Pile-head Deflection vs. Pile Length
------------------------------------------------------------------------------


Boundary Condition Type 1, Shear and Moment


Shear      =          22950. lbs
Moment     =              0. in-lbs
Axial Load =          90000. lbs


   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   280.000     .99837228  975829.94955   22950.00000
   266.000     .99898191  976022.78879   22950.00000
   252.000     .99804397  975980.12291   22950.00000
   238.000     .99849406  975940.37971   22950.00000
   224.000     .99978308  975723.35777   22950.00000
   210.000    1.00009791  975819.05492   22950.00000
   196.000     .99894475  976259.20288   22950.00000
   182.000    1.03328916  968270.25044   22950.00000
   168.000    1.12284595  950747.44080   22950.00000
   154.000    1.37680927  916094.16624   22950.00000


The analysis ended normally. 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 253


Width of the Wall is 8 ft


Date: 2/28/2008


Input Parameters (from Input-Output Sheet)


c cohesion 100 psf 4.7880259 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 8 feet 2.44 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.06


Fqs 1.05


Fγs 0.97


Depth Factors


Fcd 1.15


Fqd 1.10


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 36.4 ksf 1743 kPa


qall 12.1 ksf 581 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 253


Width of the Foundation is 8.0 ft


Date: 3/6/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 696 ft 1 0 3 3 120 0.3 NA NA 900 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 26 23 120 0.3 NA NA 900 Sand N NA


Depth Interval 0.5 ft


Footing Length 100 ft


Footing Width 8 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 4 ft


Ground Surface Elevation 856 ft MSL


Foundation Pressure 5500 psf


Net Foundation Pressure 5140 psf Total Layer Thickness 26 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.58


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 855.75 120.00 30.00 0.00 30.00 0.30 900.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 855.25 120.00 90.00 0.00 90.00 0.30 900.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 854.75 120.00 150.00 0.00 150.00 0.30 900.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 854.25 120.00 210.00 0.00 210.00 0.30 900.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 853.75 120.00 270.00 0.00 270.00 0.30 900.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 853.25 120.00 330.00 0.00 330.00 0.30 900.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 852.75 120.00 390.00 0.00 390.00 0.30 900.00 NA NA 5030.37 Sand N 390.00 0.034


2 3.5 4 3.75 0.75 852.25 120.00 450.00 0.00 450.00 0.30 900.00 NA NA 4812.09 Sand N 450.00 0.032


2 4 4.5 4.25 1.25 851.75 120.00 510.00 0.00 510.00 0.30 900.00 NA NA 4596.67 Sand N 510.00 0.031


2 4.5 5 4.75 1.75 851.25 120.00 570.00 0.00 570.00 0.30 900.00 NA NA 4385.84 Sand N 570.00 0.029


2 5 5.5 5.25 2.25 850.75 120.00 630.00 0.00 630.00 0.30 900.00 NA NA 4181.14 Sand N 630.00 0.028


2 5.5 6 5.75 2.75 850.25 120.00 690.00 0.00 690.00 0.30 900.00 NA NA 3983.80 Sand N 690.00 0.027


2 6 6.5 6.25 3.25 849.75 120.00 750.00 0.00 750.00 0.30 900.00 NA NA 3794.76 Sand N 750.00 0.025


2 6.5 7 6.75 3.75 849.25 120.00 810.00 0.00 810.00 0.30 900.00 NA NA 3614.69 Sand N 810.00 0.024


2 7 7.5 7.25 4.25 848.75 120.00 870.00 0.00 870.00 0.30 900.00 NA NA 3443.95 Sand N 870.00 0.023


2 7.5 8 7.75 4.75 848.25 120.00 930.00 0.00 930.00 0.30 900.00 NA NA 3282.68 Sand N 930.00 0.022


2 8 8.5 8.25 5.25 847.75 120.00 990.00 0.00 990.00 0.30 900.00 NA NA 3130.82 Sand N 990.00 0.021


2 8.5 9 8.75 5.75 847.25 120.00 1050.00 0.00 1050.00 0.30 900.00 NA NA 2988.16 Sand N 1050.00 0.020


2 9 9.5 9.25 6.25 846.75 120.00 1110.00 0.00 1110.00 0.30 900.00 NA NA 2854.37 Sand N 1110.00 0.019


2 9.5 10 9.75 6.75 846.25 120.00 1170.00 0.00 1170.00 0.30 900.00 NA NA 2729.05 Sand N 1170.00 0.018


2 10 10.5 10.25 7.25 845.75 120.00 1230.00 0.00 1230.00 0.30 900.00 NA NA 2611.73 Sand N 1230.00 0.017


2 10.5 11 10.75 7.75 845.25 120.00 1290.00 0.00 1290.00 0.30 900.00 NA NA 2501.95 Sand N 1290.00 0.017


2 11 11.5 11.25 8.25 844.75 120.00 1350.00 0.00 1350.00 0.30 900.00 NA NA 2399.21 Sand N 1350.00 0.016


2 11.5 12 11.75 8.75 844.25 120.00 1410.00 0.00 1410.00 0.30 900.00 NA NA 2303.04 Sand N 1410.00 0.015


2 12 12.5 12.25 9.25 843.75 120.00 1470.00 0.00 1470.00 0.30 900.00 NA NA 2212.97 Sand N 1470.00 0.015


2 12.5 13 12.75 9.75 843.25 120.00 1530.00 0.00 1530.00 0.30 900.00 NA NA 2128.55 Sand N 1530.00 0.014


2 13 13.5 13.25 10.25 842.75 120.00 1590.00 0.00 1590.00 0.30 900.00 NA NA 2049.37 Sand N 1590.00 0.014


2 13.5 14 13.75 10.75 842.25 120.00 1650.00 0.00 1650.00 0.30 900.00 NA NA 1975.03 Sand N 1650.00 0.013


2 14 14.5 14.25 11.25 841.75 120.00 1710.00 0.00 1710.00 0.30 900.00 NA NA 1905.17 Sand N 1710.00 0.013


2 14.5 15 14.75 11.75 841.25 120.00 1770.00 0.00 1770.00 0.30 900.00 NA NA 1839.44 Sand N 1770.00 0.012


2 15 15.5 15.25 12.25 840.75 120.00 1830.00 0.00 1830.00 0.30 900.00 NA NA 1777.54 Sand N 1830.00 0.012


2 15.5 16 15.75 12.75 840.25 120.00 1890.00 0.00 1890.00 0.30 900.00 NA NA 1719.17 Sand N 1890.00 0.011


2 16 16.5 16.25 13.25 839.75 120.00 1950.00 0.00 1950.00 0.30 900.00 NA NA 1664.07 Sand N 1950.00 0.011


2 16.5 17 16.75 13.75 839.25 120.00 2010.00 0.00 2010.00 0.30 900.00 NA NA 1612.01 Sand N 2010.00 0.011


2 17 17.5 17.25 14.25 838.75 120.00 2070.00 0.00 2070.00 0.30 900.00 NA NA 1562.75 Sand N 2070.00 0.010


2 17.5 18 17.75 14.75 838.25 120.00 2130.00 0.00 2130.00 0.30 900.00 NA NA 1516.10 Sand N 2130.00 0.010


2 18 18.5 18.25 15.25 837.75 120.00 2190.00 0.00 2190.00 0.30 900.00 NA NA 1471.86 Sand N 2190.00 0.010


2 18.5 19 18.75 15.75 837.25 120.00 2250.00 0.00 2250.00 0.30 900.00 NA NA 1429.87 Sand N 2250.00 0.010


Estimated Settlement 0.58


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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Name: Alluvium
Unit Weight: 120
Cohesion: 100
Phi: 34


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 253 @ Station 256+10
Static Analysis


Surcharge Load = 240 psf


Wall Height = 14 ft
Width of the Wall = 8 ft


Distance (feet)
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2.084


Name: Alluvium
Unit Weight: 120
Cohesion: 100
Phi: 34


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 253 @ Station 256+10
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 14 ft
Width of the Wall = 8 ft


Distance (feet)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 254


Width of the Wall is 12.08 ft


Date: 3/4/2008


Input Parameters (from Input-Output Sheet)


c cohesion 220 psf 10.533657 kPa


φ friction angle 31 degrees 31 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 12.08 feet 3.68 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 20.63


Nc 32.67


Nγ 25.99


Shape Factors


Fcs 1.08


Fqs 1.07


Fγs 0.95


Depth Factors


Fcd 1.10


Fqd 1.07


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 34.9 ksf 1671 kPa


qall 11.6 ksf 557 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 254


Width of the Foundation is 12.08 ft


Date: 3/4/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 708 ft 1 0 3 3 120 0.3 NA NA 700 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 9 6 120 0.3 NA NA 700 Clay N NA


Depth Interval 0.5 ft 3 9 19 10 120 0.3 NA NA 825 Sand N NA


Footing Length 100 ft 4 19 28 9 120 0.3 NA NA 1200 Clay N NA


Footing Width 12.08 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 6.04 ft


Ground Surface Elevation 868 ft MSL


Foundation Pressure 6000 psf


Net Foundation Pressure 5640 psf Total Layer Thickness 28 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.05


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 867.75 120.00 30.00 0.00 30.00 0.30 700.00 NA NA 0.00 Clay N 30.00 0.000


1 0.5 1 0.75 0 867.25 120.00 90.00 0.00 90.00 0.30 700.00 NA NA 0.00 Clay N 90.00 0.000


1 1 1.5 1.25 0 866.75 120.00 150.00 0.00 150.00 0.30 700.00 NA NA 0.00 Clay N 150.00 0.000


1 1.5 2 1.75 0 866.25 120.00 210.00 0.00 210.00 0.30 700.00 NA NA 0.00 Clay N 210.00 0.000


1 2 2.5 2.25 0 865.75 120.00 270.00 0.00 270.00 0.30 700.00 NA NA 0.00 Clay N 270.00 0.000


1 2.5 3 2.75 0 865.25 120.00 330.00 0.00 330.00 0.30 700.00 NA NA 0.00 Clay N 330.00 0.000


2 3 3.5 3.25 0.25 864.75 120.00 390.00 0.00 390.00 0.30 700.00 NA NA 5560.00 Clay N 390.00 0.048


2 3.5 4 3.75 0.75 864.25 120.00 450.00 0.00 450.00 0.30 700.00 NA NA 5400.30 Clay N 450.00 0.046


2 4 4.5 4.25 1.25 863.75 120.00 510.00 0.00 510.00 0.30 700.00 NA NA 5241.53 Clay N 510.00 0.045


2 4.5 5 4.75 1.75 863.25 120.00 570.00 0.00 570.00 0.30 700.00 NA NA 5084.28 Clay N 570.00 0.044


2 5 5.5 5.25 2.25 862.75 120.00 630.00 0.00 630.00 0.30 700.00 NA NA 4929.09 Clay N 630.00 0.042


2 5.5 6 5.75 2.75 862.25 120.00 690.00 0.00 690.00 0.30 700.00 NA NA 4776.50 Clay N 690.00 0.041


2 6 6.5 6.25 3.25 861.75 120.00 750.00 0.00 750.00 0.30 700.00 NA NA 4626.95 Clay N 750.00 0.040


2 6.5 7 6.75 3.75 861.25 120.00 810.00 0.00 810.00 0.30 700.00 NA NA 4480.84 Clay N 810.00 0.038


2 7 7.5 7.25 4.25 860.75 120.00 870.00 0.00 870.00 0.30 700.00 NA NA 4338.52 Clay N 870.00 0.037


2 7.5 8 7.75 4.75 860.25 120.00 930.00 0.00 930.00 0.30 700.00 NA NA 4200.25 Clay N 930.00 0.036


2 8 8.5 8.25 5.25 859.75 120.00 990.00 0.00 990.00 0.30 700.00 NA NA 4066.24 Clay N 990.00 0.035


2 8.5 9 8.75 5.75 859.25 120.00 1050.00 0.00 1050.00 0.30 700.00 NA NA 3936.66 Clay N 1050.00 0.034


3 9 9.5 9.25 6.25 858.75 120.00 1110.00 0.00 1110.00 0.30 825.00 NA NA 3811.58 Sand N 1110.00 0.028


3 9.5 10 9.75 6.75 858.25 120.00 1170.00 0.00 1170.00 0.30 825.00 NA NA 3691.06 Sand N 1170.00 0.027


3 10 10.5 10.25 7.25 857.75 120.00 1230.00 0.00 1230.00 0.30 825.00 NA NA 3575.11 Sand N 1230.00 0.026


3 10.5 11 10.75 7.75 857.25 120.00 1290.00 0.00 1290.00 0.30 825.00 NA NA 3463.67 Sand N 1290.00 0.025


3 11 11.5 11.25 8.25 856.75 120.00 1350.00 0.00 1350.00 0.30 825.00 NA NA 3356.70 Sand N 1350.00 0.024


3 11.5 12 11.75 8.75 856.25 120.00 1410.00 0.00 1410.00 0.30 825.00 NA NA 3254.10 Sand N 1410.00 0.024


3 12 12.5 12.25 9.25 855.75 120.00 1470.00 0.00 1470.00 0.30 825.00 NA NA 3155.76 Sand N 1470.00 0.023


3 12.5 13 12.75 9.75 855.25 120.00 1530.00 0.00 1530.00 0.30 825.00 NA NA 3061.54 Sand N 1530.00 0.022


3 13 13.5 13.25 10.25 854.75 120.00 1590.00 0.00 1590.00 0.30 825.00 NA NA 2971.31 Sand N 1590.00 0.022


3 13.5 14 13.75 10.75 854.25 120.00 1650.00 0.00 1650.00 0.30 825.00 NA NA 2884.92 Sand N 1650.00 0.021


3 14 14.5 14.25 11.25 853.75 120.00 1710.00 0.00 1710.00 0.30 825.00 NA NA 2802.22 Sand N 1710.00 0.020


3 14.5 15 14.75 11.75 853.25 120.00 1770.00 0.00 1770.00 0.30 825.00 NA NA 2723.05 Sand N 1770.00 0.020


3 15 15.5 15.25 12.25 852.75 120.00 1830.00 0.00 1830.00 0.30 825.00 NA NA 2647.27 Sand N 1830.00 0.019


3 15.5 16 15.75 12.75 852.25 120.00 1890.00 0.00 1890.00 0.30 825.00 NA NA 2574.70 Sand N 1890.00 0.019


3 16 16.5 16.25 13.25 851.75 120.00 1950.00 0.00 1950.00 0.30 825.00 NA NA 2505.21 Sand N 1950.00 0.018


3 16.5 17 16.75 13.75 851.25 120.00 2010.00 0.00 2010.00 0.30 825.00 NA NA 2438.65 Sand N 2010.00 0.018


3 17 17.5 17.25 14.25 850.75 120.00 2070.00 0.00 2070.00 0.30 825.00 NA NA 2374.88 Sand N 2070.00 0.017


3 17.5 18 17.75 14.75 850.25 120.00 2130.00 0.00 2130.00 0.30 825.00 NA NA 2313.75 Sand N 2130.00 0.017


3 18 18.5 18.25 15.25 849.75 120.00 2190.00 0.00 2190.00 0.30 825.00 NA NA 2255.13 Sand N 2190.00 0.016


3 18.5 19 18.75 15.75 849.25 120.00 2250.00 0.00 2250.00 0.30 825.00 NA NA 2198.90 Sand N 2250.00 0.016


4 19 19.5 19.25 16.25 848.75 120.00 2310.00 0.00 2310.00 0.30 1200.00 NA NA 2144.95 Clay N 2310.00 0.011


4 19.5 20 19.75 16.75 848.25 120.00 2370.00 0.00 2370.00 0.30 1200.00 NA NA 2093.14 Clay N 2370.00 0.010


4 20 20.5 20.25 17.25 847.75 120.00 2430.00 0.00 2430.00 0.30 1200.00 NA NA 2043.38 Clay N 2430.00 0.010


4 20.5 21 20.75 17.75 847.25 120.00 2490.00 0.00 2490.00 0.30 1200.00 NA NA 1995.56 Clay N 2490.00 0.010


4 21 21.5 21.25 18.25 846.75 120.00 2550.00 0.00 2550.00 0.30 1200.00 NA NA 1949.58 Clay N 2550.00 0.010


4 21.5 22 21.75 18.75 846.25 120.00 2610.00 0.00 2610.00 0.30 1200.00 NA NA 1905.34 Clay N 2610.00 0.010


4 22 22.5 22.25 19.25 845.75 120.00 2670.00 0.00 2670.00 0.30 1200.00 NA NA 1862.78 Clay N 2670.00 0.009


4 22.5 23 22.75 19.75 845.25 120.00 2730.00 0.00 2730.00 0.30 1200.00 NA NA 1821.78 Clay N 2730.00 0.009


4 23 23.5 23.25 20.25 844.75 120.00 2790.00 0.00 2790.00 0.30 1200.00 NA NA 1782.29 Clay N 2790.00 0.009


4 23.5 24 23.75 20.75 844.25 120.00 2850.00 0.00 2850.00 0.30 1200.00 NA NA 1744.23 Clay N 2850.00 0.009


4 24 24.5 24.25 21.25 843.75 120.00 2910.00 0.00 2910.00 0.30 1200.00 NA NA 1707.52 Clay N 2910.00 0.009


4 24.5 25 24.75 21.75 843.25 120.00 2970.00 0.00 2970.00 0.30 1200.00 NA NA 1672.10 Clay N 2970.00 0.008


4 25 25.5 25.25 22.25 842.75 120.00 3030.00 0.00 3030.00 0.30 1200.00 NA NA 1637.92 Clay N 3030.00 0.008


4 25.5 26 25.75 22.75 842.25 120.00 3090.00 0.00 3090.00 0.30 1200.00 NA NA 1604.90 Clay N 3090.00 0.008


4 26 26.5 26.25 23.25 841.75 120.00 3150.00 0.00 3150.00 0.30 1200.00 NA NA 1572.99 Clay N 3150.00 0.008


4 26.5 27 26.75 23.75 841.25 120.00 3210.00 0.00 3210.00 0.30 1200.00 NA NA 1542.15 Clay N 3210.00 0.008


Estimated Settlement 1.05


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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Name: Alluvium1


Unit Weight: 120


Cohesion: 220


Phi: 31


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 254 @ Station 254+10
Static Analysis


Surcharge Load = 240 psf


Wall Height = 22 ft
Width of the Wall = 12.08 ft


Name: Fill


Unit Weight: 120


Cohesion: 100


Phi: 34


Distance (feet)
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Name: Alluvium1


Unit Weight: 120


Cohesion: 220


Phi: 31


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 254 @ Station 254+10
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 22 ft
Width of the Wall = 12.08 ft


Name: Fill


Unit Weight: 120


Cohesion: 100


Phi: 34


Distance (feet)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 255


Width of the Wall is 10 ft


Date: 2/28/2008


Input Parameters (from Input-Output Sheet)


c cohesion 225 psf 10.773058 kPa


φ friction angle 32 degrees 32 degrees


γ unit weight of soil 125 pcf 19.63 kN/m3


B width of foundation 10 feet 3.05 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 23.18


Nc 35.49


Nγ 30.21


Shape Factors


Fcs 1.07


Fqs 1.06


Fγs 0.96


Depth Factors


Fcd 1.12


Fqd 1.08


Fγd 1.00


Effects of Water Table


q 375.00 psf 18.0 kPa


γ 125.00 pcf 19.625 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 37.6 ksf 1799 kPa


qall 12.5 ksf 600 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 255


Width of the Foundation is 10 ft


Date: 2/29/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 695 ft 1 0 3 3 125 0.3 NA NA 700 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 14 11 125 0.3 NA NA 850 Clay N NA


Depth Interval 0.5 ft 3 14 39 25 120 0.3 NA NA 850 Sand N NA


Footing Length 100 ft


Footing Width 10 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 5 ft


Ground Surface Elevation 855 ft MSL


Foundation Pressure 5500 psf


Net Foundation Pressure 5125 psf Total Layer Thickness 39 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.77


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 854.75 125.00 31.25 0.00 31.25 0.30 700.00 NA NA 0.00 Clay N 31.25 0.000


1 0.5 1 0.75 0 854.25 125.00 93.75 0.00 93.75 0.30 700.00 NA NA 0.00 Clay N 93.75 0.000


1 1 1.5 1.25 0 853.75 125.00 156.25 0.00 156.25 0.30 700.00 NA NA 0.00 Clay N 156.25 0.000


1 1.5 2 1.75 0 853.25 125.00 218.75 0.00 218.75 0.30 700.00 NA NA 0.00 Clay N 218.75 0.000


1 2 2.5 2.25 0 852.75 125.00 281.25 0.00 281.25 0.30 700.00 NA NA 0.00 Clay N 281.25 0.000


1 2.5 3 2.75 0 852.25 125.00 343.75 0.00 343.75 0.30 700.00 NA NA 0.00 Clay N 343.75 0.000


2 3 3.5 3.25 0.25 851.75 125.00 406.25 0.00 406.25 0.30 850.00 NA NA 5037.39 Clay N 406.25 0.036


2 3.5 4 3.75 0.75 851.25 125.00 468.75 0.00 468.75 0.30 850.00 NA NA 4862.66 Clay N 468.75 0.034


2 4 4.5 4.25 1.25 850.75 125.00 531.25 0.00 531.25 0.30 850.00 NA NA 4689.40 Clay N 531.25 0.033


2 4.5 5 4.75 1.75 850.25 125.00 593.75 0.00 593.75 0.30 850.00 NA NA 4518.54 Clay N 593.75 0.032


2 5 5.5 5.25 2.25 849.75 125.00 656.25 0.00 656.25 0.30 850.00 NA NA 4350.93 Clay N 656.25 0.031


2 5.5 6 5.75 2.75 849.25 125.00 718.75 0.00 718.75 0.30 850.00 NA NA 4187.32 Clay N 718.75 0.030


2 6 6.5 6.25 3.25 848.75 125.00 781.25 0.00 781.25 0.30 850.00 NA NA 4028.34 Clay N 781.25 0.028


2 6.5 7 6.75 3.75 848.25 125.00 843.75 0.00 843.75 0.30 850.00 NA NA 3874.51 Clay N 843.75 0.027


2 7 7.5 7.25 4.25 847.75 125.00 906.25 0.00 906.25 0.30 850.00 NA NA 3726.21 Clay N 906.25 0.026


2 7.5 8 7.75 4.75 847.25 125.00 968.75 0.00 968.75 0.30 850.00 NA NA 3583.73 Clay N 968.75 0.025


2 8 8.5 8.25 5.25 846.75 125.00 1031.25 0.00 1031.25 0.30 850.00 NA NA 3447.23 Clay N 1031.25 0.024


2 8.5 9 8.75 5.75 846.25 125.00 1093.75 0.00 1093.75 0.30 850.00 NA NA 3316.77 Clay N 1093.75 0.023


2 9 9.5 9.25 6.25 845.75 125.00 1156.25 0.00 1156.25 0.30 850.00 NA NA 3192.35 Clay N 1156.25 0.023


2 9.5 10 9.75 6.75 845.25 125.00 1218.75 0.00 1218.75 0.30 850.00 NA NA 3073.87 Clay N 1218.75 0.022


2 10 10.5 10.25 7.25 844.75 125.00 1281.25 0.00 1281.25 0.30 850.00 NA NA 2961.21 Clay N 1281.25 0.021


2 10.5 11 10.75 7.75 844.25 125.00 1343.75 0.00 1343.75 0.30 850.00 NA NA 2854.19 Clay N 1343.75 0.020


2 11 11.5 11.25 8.25 843.75 125.00 1406.25 0.00 1406.25 0.30 850.00 NA NA 2752.60 Clay N 1406.25 0.019


2 11.5 12 11.75 8.75 843.25 125.00 1468.75 0.00 1468.75 0.30 850.00 NA NA 2656.21 Clay N 1468.75 0.019


2 12 12.5 12.25 9.25 842.75 125.00 1531.25 0.00 1531.25 0.30 850.00 NA NA 2564.79 Clay N 1531.25 0.018


2 12.5 13 12.75 9.75 842.25 125.00 1593.75 0.00 1593.75 0.30 850.00 NA NA 2478.08 Clay N 1593.75 0.017


2 13 13.5 13.25 10.25 841.75 125.00 1656.25 0.00 1656.25 0.30 850.00 NA NA 2395.84 Clay N 1656.25 0.017


2 13.5 14 13.75 10.75 841.25 125.00 1718.75 0.00 1718.75 0.30 850.00 NA NA 2317.81 Clay N 1718.75 0.016


3 14 14.5 14.25 11.25 840.75 120.00 1780.00 0.00 1780.00 0.30 850.00 NA NA 2243.77 Sand N 1780.00 0.016


3 14.5 15 14.75 11.75 840.25 120.00 1840.00 0.00 1840.00 0.30 850.00 NA NA 2173.48 Sand N 1840.00 0.015


3 15 15.5 15.25 12.25 839.75 120.00 1900.00 0.00 1900.00 0.30 850.00 NA NA 2106.72 Sand N 1900.00 0.015


3 15.5 16 15.75 12.75 839.25 120.00 1960.00 0.00 1960.00 0.30 850.00 NA NA 2043.27 Sand N 1960.00 0.014


3 16 16.5 16.25 13.25 838.75 120.00 2020.00 0.00 2020.00 0.30 850.00 NA NA 1982.93 Sand N 2020.00 0.014


3 16.5 17 16.75 13.75 838.25 120.00 2080.00 0.00 2080.00 0.30 850.00 NA NA 1925.53 Sand N 2080.00 0.014


3 17 17.5 17.25 14.25 837.75 120.00 2140.00 0.00 2140.00 0.30 850.00 NA NA 1870.87 Sand N 2140.00 0.013


3 17.5 18 17.75 14.75 837.25 120.00 2200.00 0.00 2200.00 0.30 850.00 NA NA 1818.78 Sand N 2200.00 0.013


3 18 18.5 18.25 15.25 836.75 120.00 2260.00 0.00 2260.00 0.30 850.00 NA NA 1769.13 Sand N 2260.00 0.012


3 18.5 19 18.75 15.75 836.25 120.00 2320.00 0.00 2320.00 0.30 850.00 NA NA 1721.74 Sand N 2320.00 0.012


3 19 19.5 19.25 16.25 835.75 120.00 2380.00 0.00 2380.00 0.30 850.00 NA NA 1676.50 Sand N 2380.00 0.012


3 19.5 20 19.75 16.75 835.25 120.00 2440.00 0.00 2440.00 0.30 850.00 NA NA 1633.26 Sand N 2440.00 0.012


3 20 20.5 20.25 17.25 834.75 120.00 2500.00 0.00 2500.00 0.30 850.00 NA NA 1591.92 Sand N 2500.00 0.011


3 20.5 21 20.75 17.75 834.25 120.00 2560.00 0.00 2560.00 0.30 850.00 NA NA 1552.36 Sand N 2560.00 0.011


3 21 21.5 21.25 18.25 833.75 120.00 2620.00 0.00 2620.00 0.30 850.00 NA NA 1514.47 Sand N 2620.00 0.011


3 21.5 22 21.75 18.75 833.25 120.00 2680.00 0.00 2680.00 0.30 850.00 NA NA 1478.16 Sand N 2680.00 0.010


3 22 22.5 22.25 19.25 832.75 120.00 2740.00 0.00 2740.00 0.30 850.00 NA NA 1443.34 Sand N 2740.00 0.010


3 22.5 23 22.75 19.75 832.25 120.00 2800.00 0.00 2800.00 0.30 850.00 NA NA 1409.92 Sand N 2800.00 0.010


Estimated Settlement 0.77


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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2.556


Name: Fill
Unit Weight: 120
Cohesion: 100
Phi: 34


Name: Alluvium1
Unit Weight: 125
Cohesion: 225
Phi: 32


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 255 @ Station 257+70
Static Analysis


Surcharge Load = 240 psf


Wall Height = 18 ft
Width of the Wall = 10 ft


Distance (feet)
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1.998


Name: Fill
Unit Weight: 120
Cohesion: 100
Phi: 34


Name: Alluvium1
Unit Weight: 125
Cohesion: 225
Phi: 32


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 255 @ Station 257+70
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 18 ft
Width of the Wall = 10 ft


Distance (feet)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 261 - Sloping Ground


Width of the Wall is 14 ft


Date: 3/24/2008


Input Parameters (from Input-Output Sheet)


c cohesion 300 psf 14.364078 kPa


φ friction angle 32 degrees 32 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 14 feet 4.27 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.464 radians 0.464 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 23.18


Nc 35.49


Nγ 30.21


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.09


Fqd 1.06


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 0.22


Fqg 0.25


Fγg 0.25


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 11.1 ksf 530 kPa


qall 3.7 ksf 177 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 261


Width of the Foundation is 14 ft


Date: 3/25/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 120 0.3 NA NA 900 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 8 5 120 0.3 NA NA 900 Clay N NA


Depth Interval 0.5 ft 3 8 53 45 125 0.3 NA NA 1100 Clay N NA


Footing Length 1000 ft


Footing Width 14 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 7 ft


Ground Surface Elevation 858 ft MSL


Foundation Pressure 3700 psf


Net Foundation Pressure 3340 psf Total Layer Thickness 53 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.58


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 857.75 120.00 30.00 0.00 30.00 0.30 900.00 NA NA 0.00 Clay N 30.00 0.000


1 0.5 1 0.75 0 857.25 120.00 90.00 0.00 90.00 0.30 900.00 NA NA 0.00 Clay N 90.00 0.000


1 1 1.5 1.25 0 856.75 120.00 150.00 0.00 150.00 0.30 900.00 NA NA 0.00 Clay N 150.00 0.000


1 1.5 2 1.75 0 856.25 120.00 210.00 0.00 210.00 0.30 900.00 NA NA 0.00 Clay N 210.00 0.000


1 2 2.5 2.25 0 855.75 120.00 270.00 0.00 270.00 0.30 900.00 NA NA 0.00 Clay N 270.00 0.000


1 2.5 3 2.75 0 855.25 120.00 330.00 0.00 330.00 0.30 900.00 NA NA 0.00 Clay N 330.00 0.000


2 3 3.5 3.25 0.25 854.75 120.00 390.00 0.00 390.00 0.30 900.00 NA NA 3299.41 Clay N 390.00 0.022


2 3.5 4 3.75 0.75 854.25 120.00 450.00 0.00 450.00 0.30 900.00 NA NA 3218.35 Clay N 450.00 0.021


2 4 4.5 4.25 1.25 853.75 120.00 510.00 0.00 510.00 0.30 900.00 NA NA 3137.64 Clay N 510.00 0.021


2 4.5 5 4.75 1.75 853.25 120.00 570.00 0.00 570.00 0.30 900.00 NA NA 3057.51 Clay N 570.00 0.020


2 5 5.5 5.25 2.25 852.75 120.00 630.00 0.00 630.00 0.30 900.00 NA NA 2978.17 Clay N 630.00 0.020


2 5.5 6 5.75 2.75 852.25 120.00 690.00 0.00 690.00 0.30 900.00 NA NA 2899.85 Clay N 690.00 0.019


2 6 6.5 6.25 3.25 851.75 120.00 750.00 0.00 750.00 0.30 900.00 NA NA 2822.71 Clay N 750.00 0.019


2 6.5 7 6.75 3.75 851.25 120.00 810.00 0.00 810.00 0.30 900.00 NA NA 2746.94 Clay N 810.00 0.018


2 7 7.5 7.25 4.25 850.75 120.00 870.00 0.00 870.00 0.30 900.00 NA NA 2672.68 Clay N 870.00 0.018


2 7.5 8 7.75 4.75 850.25 120.00 930.00 0.00 930.00 0.30 900.00 NA NA 2600.07 Clay N 930.00 0.017


3 8 8.5 8.25 5.25 849.75 125.00 991.25 0.00 991.25 0.30 1100.00 NA NA 2529.21 Clay N 991.25 0.014


3 8.5 9 8.75 5.75 849.25 125.00 1053.75 0.00 1053.75 0.30 1100.00 NA NA 2460.19 Clay N 1053.75 0.013


3 9 9.5 9.25 6.25 848.75 125.00 1116.25 0.00 1116.25 0.30 1100.00 NA NA 2393.09 Clay N 1116.25 0.013


3 9.5 10 9.75 6.75 848.25 125.00 1178.75 0.00 1178.75 0.30 1100.00 NA NA 2327.95 Clay N 1178.75 0.013


3 10 10.5 10.25 7.25 847.75 125.00 1241.25 0.00 1241.25 0.30 1100.00 NA NA 2264.80 Clay N 1241.25 0.012


3 10.5 11 10.75 7.75 847.25 125.00 1303.75 0.00 1303.75 0.30 1100.00 NA NA 2203.66 Clay N 1303.75 0.012


3 11 11.5 11.25 8.25 846.75 125.00 1366.25 0.00 1366.25 0.30 1100.00 NA NA 2144.53 Clay N 1366.25 0.012


3 11.5 12 11.75 8.75 846.25 125.00 1428.75 0.00 1428.75 0.30 1100.00 NA NA 2087.40 Clay N 1428.75 0.011


3 12 12.5 12.25 9.25 845.75 125.00 1491.25 0.00 1491.25 0.30 1100.00 NA NA 2032.25 Clay N 1491.25 0.011


3 12.5 13 12.75 9.75 845.25 125.00 1553.75 0.00 1553.75 0.30 1100.00 NA NA 1979.05 Clay N 1553.75 0.011


3 13 13.5 13.25 10.25 844.75 125.00 1616.25 0.00 1616.25 0.30 1100.00 NA NA 1927.76 Clay N 1616.25 0.011


3 13.5 14 13.75 10.75 844.25 125.00 1678.75 0.00 1678.75 0.30 1100.00 NA NA 1878.33 Clay N 1678.75 0.010


3 14 14.5 14.25 11.25 843.75 125.00 1741.25 0.00 1741.25 0.30 1100.00 NA NA 1830.72 Clay N 1741.25 0.010


3 14.5 15 14.75 11.75 843.25 125.00 1803.75 0.00 1803.75 0.30 1100.00 NA NA 1784.87 Clay N 1803.75 0.010


3 15 15.5 15.25 12.25 842.75 125.00 1866.25 0.00 1866.25 0.30 1100.00 NA NA 1740.73 Clay N 1866.25 0.009


3 15.5 16 15.75 12.75 842.25 125.00 1928.75 0.00 1928.75 0.30 1100.00 NA NA 1698.24 Clay N 1928.75 0.009


3 16 16.5 16.25 13.25 841.75 125.00 1991.25 0.00 1991.25 0.30 1100.00 NA NA 1657.34 Clay N 1991.25 0.009


3 16.5 17 16.75 13.75 841.25 125.00 2053.75 0.00 2053.75 0.30 1100.00 NA NA 1617.98 Clay N 2053.75 0.009


3 17 17.5 17.25 14.25 840.75 125.00 2116.25 0.00 2116.25 0.30 1100.00 NA NA 1580.08 Clay N 2116.25 0.009


3 17.5 18 17.75 14.75 840.25 125.00 2178.75 0.00 2178.75 0.30 1100.00 NA NA 1543.60 Clay N 2178.75 0.008


3 18 18.5 18.25 15.25 839.75 125.00 2241.25 0.00 2241.25 0.30 1100.00 NA NA 1508.47 Clay N 2241.25 0.008


3 18.5 19 18.75 15.75 839.25 125.00 2303.75 0.00 2303.75 0.30 1100.00 NA NA 1474.65 Clay N 2303.75 0.008


3 19 19.5 19.25 16.25 838.75 125.00 2366.25 0.00 2366.25 0.30 1100.00 NA NA 1442.07 Clay N 2366.25 0.008


3 19.5 20 19.75 16.75 838.25 125.00 2428.75 0.00 2428.75 0.30 1100.00 NA NA 1410.69 Clay N 2428.75 0.008


3 20 20.5 20.25 17.25 837.75 125.00 2491.25 0.00 2491.25 0.30 1100.00 NA NA 1380.44 Clay N 2491.25 0.008


3 20.5 21 20.75 17.75 837.25 125.00 2553.75 0.00 2553.75 0.30 1100.00 NA NA 1351.29 Clay N 2553.75 0.007


3 21 21.5 21.25 18.25 836.75 125.00 2616.25 0.00 2616.25 0.30 1100.00 NA NA 1323.18 Clay N 2616.25 0.007


3 21.5 22 21.75 18.75 836.25 125.00 2678.75 0.00 2678.75 0.30 1100.00 NA NA 1296.07 Clay N 2678.75 0.007


3 22 22.5 22.25 19.25 835.75 125.00 2741.25 0.00 2741.25 0.30 1100.00 NA NA 1269.91 Clay N 2741.25 0.007


3 22.5 23 22.75 19.75 835.25 125.00 2803.75 0.00 2803.75 0.30 1100.00 NA NA 1244.67 Clay N 2803.75 0.007


3 23 23.5 23.25 20.25 834.75 125.00 2866.25 0.00 2866.25 0.30 1100.00 NA NA 1220.30 Clay N 2866.25 0.007


3 23.5 24 23.75 20.75 834.25 125.00 2928.75 0.00 2928.75 0.30 1100.00 NA NA 1196.76 Clay N 2928.75 0.007


3 24 24.5 24.25 21.25 833.75 125.00 2991.25 0.00 2991.25 0.30 1100.00 NA NA 1174.02 Clay N 2991.25 0.006


3 24.5 25 24.75 21.75 833.25 125.00 3053.75 0.00 3053.75 0.30 1100.00 NA NA 1152.04 Clay N 3053.75 0.006


3 25 25.5 25.25 22.25 832.75 125.00 3116.25 0.00 3116.25 0.30 1100.00 NA NA 1130.79 Clay N 3116.25 0.006


3 25.5 26 25.75 22.75 832.25 125.00 3178.75 0.00 3178.75 0.30 1100.00 NA NA 1110.24 Clay N 3178.75 0.006


3 26 26.5 26.25 23.25 831.75 125.00 3241.25 0.00 3241.25 0.30 1100.00 NA NA 1090.36 Clay N 3241.25 0.006


3 26.5 27 26.75 23.75 831.25 125.00 3303.75 0.00 3303.75 0.30 1100.00 NA NA 1071.11 Clay N 3303.75 0.006


3 27 27.5 27.25 24.25 830.75 125.00 3366.25 0.00 3366.25 0.30 1100.00 NA NA 1052.48 Clay N 3366.25 0.006


3 27.5 28 27.75 24.75 830.25 125.00 3428.75 0.00 3428.75 0.30 1100.00 NA NA 1034.43 Clay N 3428.75 0.006


3 28 28.5 28.25 25.25 829.75 125.00 3491.25 0.00 3491.25 0.30 1100.00 NA NA 1016.94 Clay N 3491.25 0.006


3 28.5 29 28.75 25.75 829.25 125.00 3553.75 0.00 3553.75 0.30 1100.00 NA NA 999.99 Clay N 3553.75 0.005


3 29 29.5 29.25 26.25 828.75 125.00 3616.25 0.00 3616.25 0.30 1100.00 NA NA 983.55 Clay N 3616.25 0.005


3 29.5 30 29.75 26.75 828.25 125.00 3678.75 0.00 3678.75 0.30 1100.00 NA NA 967.60 Clay N 3678.75 0.005


3 30 30.5 30.25 27.25 827.75 125.00 3741.25 0.00 3741.25 0.30 1100.00 NA NA 952.13 Clay N 3741.25 0.005


3 30.5 31 30.75 27.75 827.25 125.00 3803.75 0.00 3803.75 0.30 1100.00 NA NA 937.12 Clay N 3803.75 0.005


Estimated Settlement 0.58


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 261\Calculations\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW261 (width 14ft) (Elastic Modulus and 1D 
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2.118


Slope Stability Analysis
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 261 @ 262+50
Static Analysis


Wall Height 16 ft
Wall Width = 14 ft


*Note: RW 261 is only showing the location of the wall not the actual dimension. Actual dimension may vary


Surcharge Load = 240 psf


*RW 261


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 300 psf


Phi: 32 °


Name: Alluvium 


Unit Weight: 125 pcf


Cohesion: 100 psf


Phi: 34 °


Offset (ft)
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Slope Stability Analysis


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 261 @ 262+50


Pseudo Static Analysis


kh=0.147


Wall Height 16 ft


Wall Width = 14 ft


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 300 psf


Phi: 32 °


*Note: RW 261 is only showing the location of the wall not the actual dimension. Actual dimension may vary


Surcharge Load = 240 psf


*RW 261


Name: Alluvium 


Unit Weight: 125 pcf


Cohesion: 100 psf


Phi: 34 °


Offset (ft)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 262


Width of the Wall is 10 ft


Date: 2/27/2008


Input Parameters (from Input-Output Sheet)


c cohesion 360 psf 17.236893 kPa


φ friction angle 29 degrees 29 degrees


γ unit weight of soil 125 pcf 19.63 kN/m3


B width of foundation 10 feet 3.05 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 16.44


Nc 27.86


Nγ 19.34


Shape Factors


Fcs 1.06


Fqs 1.06


Fγs 0.96


Depth Factors


Fcd 1.12


Fqd 1.09


Fγd 1.00


Effects of Water Table


q 375.00 psf 18.0 kPa


γ 125.00 pcf 19.625 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 30.5 ksf 1461 kPa


qall 10.2 ksf 487 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 262


Width of the Foundation is 10 ft


Date: 2/26/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 700 ft 1 0 3 3 125 0.3 NA NA 1000 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 28 25 125 0.3 NA NA 1000 Sand N NA


Depth Interval 0.5 ft 3 28 38.5 10.5 120 0.3 NA NA 1150 Clay N NA


Footing Length 100 ft 4 38.5 51.5 13 120 0.3 NA NA 1500 Sand N NA


Footing Width 10 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 5 ft


Ground Surface Elevation 860 ft MSL


Foundation Pressure 10200 psf


Net Foundation Pressure 9825 psf Total Layer Thickness 51.5 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.25


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 859.75 125.00 31.25 0.00 31.25 0.30 1000.00 NA NA 0.00 Clay N 31.25 0.000


1 0.5 1 0.75 0 859.25 125.00 93.75 0.00 93.75 0.30 1000.00 NA NA 0.00 Clay N 93.75 0.000


1 1 1.5 1.25 0 858.75 125.00 156.25 0.00 156.25 0.30 1000.00 NA NA 0.00 Clay N 156.25 0.000


1 1.5 2 1.75 0 858.25 125.00 218.75 0.00 218.75 0.30 1000.00 NA NA 0.00 Clay N 218.75 0.000


1 2 2.5 2.25 0 857.75 125.00 281.25 0.00 281.25 0.30 1000.00 NA NA 0.00 Clay N 281.25 0.000


1 2.5 3 2.75 0 857.25 125.00 343.75 0.00 343.75 0.30 1000.00 NA NA 0.00 Clay N 343.75 0.000


2 3 3.5 3.25 0.25 856.75 125.00 406.25 0.00 406.25 0.30 1000.00 NA NA 9657.04 Sand N 406.25 0.058


2 3.5 4 3.75 0.75 856.25 125.00 468.75 0.00 468.75 0.30 1000.00 NA NA 9322.07 Sand N 468.75 0.056


2 4 4.5 4.25 1.25 855.75 125.00 531.25 0.00 531.25 0.30 1000.00 NA NA 8989.92 Sand N 531.25 0.054


2 4.5 5 4.75 1.75 855.25 125.00 593.75 0.00 593.75 0.30 1000.00 NA NA 8662.37 Sand N 593.75 0.052


2 5 5.5 5.25 2.25 854.75 125.00 656.25 0.00 656.25 0.30 1000.00 NA NA 8341.05 Sand N 656.25 0.050


2 5.5 6 5.75 2.75 854.25 125.00 718.75 0.00 718.75 0.30 1000.00 NA NA 8027.39 Sand N 718.75 0.048


2 6 6.5 6.25 3.25 853.75 125.00 781.25 0.00 781.25 0.30 1000.00 NA NA 7722.62 Sand N 781.25 0.046


2 6.5 7 6.75 3.75 853.25 125.00 843.75 0.00 843.75 0.30 1000.00 NA NA 7427.71 Sand N 843.75 0.045


2 7 7.5 7.25 4.25 852.75 125.00 906.25 0.00 906.25 0.30 1000.00 NA NA 7143.43 Sand N 906.25 0.043


2 7.5 8 7.75 4.75 852.25 125.00 968.75 0.00 968.75 0.30 1000.00 NA NA 6870.28 Sand N 968.75 0.041


2 8 8.5 8.25 5.25 851.75 125.00 1031.25 0.00 1031.25 0.30 1000.00 NA NA 6608.59 Sand N 1031.25 0.040


2 8.5 9 8.75 5.75 851.25 125.00 1093.75 0.00 1093.75 0.30 1000.00 NA NA 6358.50 Sand N 1093.75 0.038


2 9 9.5 9.25 6.25 850.75 125.00 1156.25 0.00 1156.25 0.30 1000.00 NA NA 6119.96 Sand N 1156.25 0.037


2 9.5 10 9.75 6.75 850.25 125.00 1218.75 0.00 1218.75 0.30 1000.00 NA NA 5892.84 Sand N 1218.75 0.035


2 10 10.5 10.25 7.25 849.75 125.00 1281.25 0.00 1281.25 0.30 1000.00 NA NA 5676.86 Sand N 1281.25 0.034


2 10.5 11 10.75 7.75 849.25 125.00 1343.75 0.00 1343.75 0.30 1000.00 NA NA 5471.69 Sand N 1343.75 0.033


2 11 11.5 11.25 8.25 848.75 125.00 1406.25 0.00 1406.25 0.30 1000.00 NA NA 5276.94 Sand N 1406.25 0.032


2 11.5 12 11.75 8.75 848.25 125.00 1468.75 0.00 1468.75 0.30 1000.00 NA NA 5092.16 Sand N 1468.75 0.031


2 12 12.5 12.25 9.25 847.75 125.00 1531.25 0.00 1531.25 0.30 1000.00 NA NA 4916.89 Sand N 1531.25 0.030


2 12.5 13 12.75 9.75 847.25 125.00 1593.75 0.00 1593.75 0.30 1000.00 NA NA 4750.66 Sand N 1593.75 0.029


2 13 13.5 13.25 10.25 846.75 125.00 1656.25 0.00 1656.25 0.30 1000.00 NA NA 4592.99 Sand N 1656.25 0.028


2 13.5 14 13.75 10.75 846.25 125.00 1718.75 0.00 1718.75 0.30 1000.00 NA NA 4443.42 Sand N 1718.75 0.027


2 14 14.5 14.25 11.25 845.75 125.00 1781.25 0.00 1781.25 0.30 1000.00 NA NA 4301.47 Sand N 1781.25 0.026


2 14.5 15 14.75 11.75 845.25 125.00 1843.75 0.00 1843.75 0.30 1000.00 NA NA 4166.72 Sand N 1843.75 0.025


2 15 15.5 15.25 12.25 844.75 125.00 1906.25 0.00 1906.25 0.30 1000.00 NA NA 4038.73 Sand N 1906.25 0.024


2 15.5 16 15.75 12.75 844.25 125.00 1968.75 0.00 1968.75 0.30 1000.00 NA NA 3917.09 Sand N 1968.75 0.024


2 16 16.5 16.25 13.25 843.75 125.00 2031.25 0.00 2031.25 0.30 1000.00 NA NA 3801.43 Sand N 2031.25 0.023


2 16.5 17 16.75 13.75 843.25 125.00 2093.75 0.00 2093.75 0.30 1000.00 NA NA 3691.37 Sand N 2093.75 0.022


2 17 17.5 17.25 14.25 842.75 125.00 2156.25 0.00 2156.25 0.30 1000.00 NA NA 3586.59 Sand N 2156.25 0.022


2 17.5 18 17.75 14.75 842.25 125.00 2218.75 0.00 2218.75 0.30 1000.00 NA NA 3486.74 Sand N 2218.75 0.021


2 18 18.5 18.25 15.25 841.75 125.00 2281.25 0.00 2281.25 0.30 1000.00 NA NA 3391.54 Sand N 2281.25 0.020


2 18.5 19 18.75 15.75 841.25 125.00 2343.75 0.00 2343.75 0.30 1000.00 NA NA 3300.71 Sand N 2343.75 0.020


2 19 19.5 19.25 16.25 840.75 125.00 2406.25 0.00 2406.25 0.30 1000.00 NA NA 3213.97 Sand N 2406.25 0.019


2 19.5 20 19.75 16.75 840.25 125.00 2468.75 0.00 2468.75 0.30 1000.00 NA NA 3131.08 Sand N 2468.75 0.019


2 20 20.5 20.25 17.25 839.75 125.00 2531.25 0.00 2531.25 0.30 1000.00 NA NA 3051.83 Sand N 2531.25 0.018


2 20.5 21 20.75 17.75 839.25 125.00 2593.75 0.00 2593.75 0.30 1000.00 NA NA 2975.98 Sand N 2593.75 0.018


2 21 21.5 21.25 18.25 838.75 125.00 2656.25 0.00 2656.25 0.30 1000.00 NA NA 2903.34 Sand N 2656.25 0.017


2 21.5 22 21.75 18.75 838.25 125.00 2718.75 0.00 2718.75 0.30 1000.00 NA NA 2833.74 Sand N 2718.75 0.017


2 22 22.5 22.25 19.25 837.75 125.00 2781.25 0.00 2781.25 0.30 1000.00 NA NA 2766.98 Sand N 2781.25 0.017


2 22.5 23 22.75 19.75 837.25 125.00 2843.75 0.00 2843.75 0.30 1000.00 NA NA 2702.92 Sand N 2843.75 0.016


Estimated Settlement 1.25


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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2.836


Surcharge Load = 240 psf


Wall Height = 18 ft


Width of the Wall = 10 ft


Name: Fill (Af) 


Unit Weight: 120 pcf


Cohesion: 100 psf
Phi: 34 °


Name: Alluvium (Qal1) 
Unit Weight: 125 pcf


Cohesion: 360 psf


Phi: 29 °


Name: Alluvium (Qal2) 


Unit Weight: 120 pcf


Cohesion: 0 psf


Phi: 36 °


Name: Alluvium (Qal3) 
Unit Weight: 120 pcf


Cohesion: 350 psf


Phi: 33 °


RW 262


Slope Stability Analysis 


State Route 91 Soundwalls and Retaining Walls Project


Retaining Wall 262 @ Station 263+00


Static Analysis


Distance (feet)


0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180


E
le


v
a


ti
o


n
 (


ft
 M


S
L


)


800


810


820


830


840


850


860


870


880







1 2


3 4


5 6


7 8


9 10 11 12 13


14 15 16


2.166


Surcharge Load = 240 psf


Wall Height = 18 ft


Width of the Wall = 10 ft


Name: Fill (Af) 


Unit Weight: 120 pcf
Cohesion: 100 psf


Phi: 34 °


Name: Alluvium (Qal1) 


Unit Weight: 125 pcf


Cohesion: 360 psf
Phi: 29 °


Name: Alluvium (Qal2) 


Unit Weight: 120 pcf
Cohesion: 0 psf


Phi: 36 °


Name: Alluvium (Qal3) 


Unit Weight: 120 pcf


Cohesion: 350 psf
Phi: 33 °


RW 262


Slope Stability Analysis 


State Route 91 Soundwalls and Retaining Walls Project


Retaining Wall 262 @ Station 263+00


Pseudo Static Analysis


kh=0.147


Distance (feet)
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Project No. 30989802 June 2008 State Route 91 Soundwalls and Retaining Walls Fig. 1


Note: Pile is Class 90 Con. Alt "Y" 


Displacement Friction Concrete. 


Diameter = 1.25 ft. Pile batter is 0 


degrees.


Ultimate Axial Compression and Tension Capacity of Driven Pile for Retaining Wall 262


Note that end bearing is zero, so the total 


capacity in compression equals the 


friction capacity in compression.


Tension


Compression







State Route 91 Soundwalls and Retaining Walls Date: 6/9/2008


Retaining Wall 262


Pile Type
Existing/   


Proposed


Pile Head 


Condition


Moment of 


Inertia                


(in
4
)


Pile Head 


Deflection          


(in)


Lateral 


Load 


per 


Single 


pile 


(kips)


Group 


Lateral 


Load 


per pile 


(kips)


Mmax       


(lbs . in)


Mmax       


(kips-in)


Depth to 


Mmax        


(in)


Free 2485 0.25 10.1 10.1 432003 432 60


0.50 14.3 14.3 694478 694 66


1.00 20.1 20.1 1111338 1111 72


Level ground and Pile Spacing >= 3d


Proposed
Class 90 Alt "Y" 


Concrete Pile







Shear Force (kips)


State Route 91 Soundwalls and Retaining Walls - Retaining Wall 262 - Free Head
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RW 262 Lateral Pile Capacity SHEAR - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 262\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 262 Lateral Pile Capacity SHEAR - Free Head.lpd
Name of output file:         RW 262 Lateral Pile Capacity SHEAR - Free Head.lpo
Name of plot output file:    RW 262 Lateral Pile Capacity SHEAR - Free Head.lpp
Name of runtime file:        RW 262 Lateral Pile Capacity SHEAR - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  9, 2008     Time:  11:11:35


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Only summary tables of pile-head deflection, maximum bending moment,
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RW 262 Lateral Pile Capacity SHEAR - Free Head
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -60.00 in


Slope angle of ground surface             =        .00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       48.000 in


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       48.000 in
Distance from top of pile to bottom of layer =      282.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      282.000 in
Distance from top of pile to bottom of layer =      408.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      408.000 in
Distance from top of pile to bottom of layer =      528.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      528.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00         .07200
  2            48.00         .07200
  3            48.00         .07200
  4           282.00         .07200
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  5           282.00         .06900
  6           408.00         .06900
  7           408.00         .06900
  8           528.00         .06900
  9           528.00         .06900
 10           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000        6.10000             .00           .01000        .0
  2       48.000        6.10000             .00           .01000        .0
  3       48.000       12.80000             .00           .00700        .0
  4      282.000       12.80000             .00           .00700        .0
  5      282.000         .00000           35.00           ------    ------
  6      408.000         .00000           35.00           ------    ------
  7      408.000       30.20000             .00           .00500        .0
  8      528.000       30.20000             .00           .00500        .0
  9      528.000         .00000           35.00           ------    ------
 10      800.000         .00000           35.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .5500         1.0000
  2          600.000          .5500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
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Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.
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------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     378929.  10158.9919
  4  y=   .500000 M=     0.000  90000.0000    .5000000     608056.  14306.0896
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000     972561.  20134.4444


The analysis ended normally. 
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RW 262 Lateral Pile Capacity MOMENT - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 262\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 262 Lateral Pile Capacity MOMENT - Free Head.lpd
Name of output file:         RW 262 Lateral Pile Capacity MOMENT - Free Head.lpo
Name of plot output file:    RW 262 Lateral Pile Capacity MOMENT - Free Head.lpp
Name of runtime file:        RW 262 Lateral Pile Capacity MOMENT - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  9, 2008     Time:  11:16: 8


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
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- Printing Increment (spacing of output points) =  1


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -60.00 in


Slope angle of ground surface             =        .00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       48.000 in


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       48.000 in
Distance from top of pile to bottom of layer =      282.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      282.000 in
Distance from top of pile to bottom of layer =      408.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      408.000 in
Distance from top of pile to bottom of layer =      528.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      528.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00         .07200
  2            48.00         .07200
  3            48.00         .07200
  4           282.00         .07200
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  5           282.00         .06900
  6           408.00         .06900
  7           408.00         .06900
  8           528.00         .06900
  9           528.00         .06900
 10           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000        6.10000             .00           .01000        .0
  2       48.000        6.10000             .00           .01000        .0
  3       48.000       12.80000             .00           .00700        .0
  4      282.000       12.80000             .00           .00700        .0
  5      282.000         .00000           35.00           ------    ------
  6      408.000         .00000           35.00           ------    ------
  7      408.000       30.20000             .00           .00500        .0
  8      528.000       30.20000             .00           .00500        .0
  9      528.000         .00000           35.00           ------    ------
 10      800.000         .00000           35.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .7500         1.0000
  2          600.000          .7500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
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RW 262 Lateral Pile Capacity MOMENT - Free Head
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000  12529.2417   -.0041602    508.4746   -176.9817   2123.7810
   6.000   .225039  74236.2729  11456.5935   -.0041326    732.5277   -180.5677   4814.3042
  12.000   .200409     141942.  10364.8224   -.0040523    936.8719   -183.3560   5489.4599
  18.000   .176411     202991.   9258.8584   -.0039242   1121.1223   -185.2986   6302.2677
  24.000   .153319     257287.   8143.9314   -.0037532   1284.9939   -186.3437   7292.4013
  30.000   .131373     304771.   7025.5954   -.0035444   1428.3073   -186.4349   8514.7559
  36.000   .110786     345422.   5909.7592   -.0033029   1550.9952   -185.5105  10046.9763
  42.000   .091738     379255.   4802.7223   -.0030337   1653.1088   -183.5018  12001.6391
  48.000   .074381     406331.   3557.5799   -.0027419   1734.8254   -231.5456  18677.7002
  54.000   .058836     424908.   1920.3700   -.0024331   1790.8921   -314.1910  32040.8523
  60.000   .045184     432003.     62.8727   -.0021148   1812.3069   -304.9748  40497.7112
  66.000   .033458     427946.  -1730.9848   -.0017954   1800.0625   -292.9777  52539.5383
  72.000   .023640     413170.  -3443.4693   -.0014829   1755.4674   -277.8504  70521.8592
  78.000   .015663     388226.  -5054.1181   -.0011852   1680.1831   -259.0325  99228.6246
  84.000   .009417     353801.  -6537.6456   -.0009096   1576.2843   -235.4766     150040.
  90.000   .004747     310757.  -7858.2238   -.0006628   1446.3721   -204.7161     258730.
  96.000   .001463     260218.  -8945.0065   -.0004507   1293.8409   -157.5448     645915.
 102.000  -.000661     203903.  -9023.4537   -.0002783   1123.8771    131.3957    1193487.
 108.000  -.001876     152237.  -8100.2415   -.0001460    967.9427    176.3417     564089.
 114.000  -.002412     106858.  -6991.8186 -4.9726E-05    830.9840    193.1326     480390.
 120.000  -.002472  68389.0023  -5813.5847  1.5371E-05    714.8800    199.6120     484417.
 126.000  -.002228  37078.4923  -4625.5480  5.4548E-05    620.3815    196.4002     528965.
 132.000  -.001818  12823.5147  -3476.3467  7.3084E-05    547.1773    186.6669     616122.
 138.000  -.001351  -4716.5991  -2396.4428  7.6096E-05    522.7098    173.3011     769807.
 144.000  -.000905 -16015.9822  -1406.2550  6.8394E-05    556.8126    156.7615    1039678.
 150.000  -.000530 -21665.5255   -524.5922  5.4397E-05    573.8635    137.1261    1552363.
 156.000  -.000252 -22369.8373    286.9614  3.8040E-05    575.9892    133.3918    3177179.
 162.000 -7.35E-05 -18263.0713    803.9349  2.2946E-05    563.5945     38.9327    3177179.
 168.000  2.35E-05 -12747.4003    883.4780  1.1427E-05    546.9476    -12.4184    3177179.
 174.000  6.36E-05  -7673.6771    745.1807  3.8417E-06    531.6346    -33.6807    3177179.
 180.000  6.96E-05  -3809.3809    533.6481 -4.2375E-07    519.9717    -36.8302    3177179.
 186.000  5.85E-05  -1269.4428    330.1934 -2.3103E-06    512.3059    -30.9880    3177179.
 192.000  4.18E-05    155.4353    170.7808 -2.7241E-06    508.9437    -22.1495    3177179.
 198.000  2.58E-05    782.8685     63.2986 -2.3756E-06    510.8374    -13.6779    3177179.
 204.000  1.33E-05    917.5837      1.1025 -1.7439E-06    511.2439     -7.0541    3177179.
 210.000  4.90E-06    797.9823    -27.8485 -1.1067E-06    510.8830     -2.5962    3177179.


Page 4







RW 262 Lateral Pile Capacity MOMENT - Free Head
 216.000  4.13E-08    584.5967    -35.7028 -5.9311E-07    510.2390   -.0218641    3177179.
 222.000 -2.21E-06    370.1894    -32.2505 -2.3845E-07    509.5918      1.1726    3177179.
 228.000 -2.82E-06    197.8480    -24.2527 -2.7444E-08    509.0717      1.4933    3177179.
 234.000 -2.54E-06     79.1864    -15.7318  7.5463E-08    508.7136      1.3470    3177179.
 240.000 -1.91E-06      8.9855     -8.6493  1.0822E-07    508.5017      1.0138    3177179.
 246.000 -1.25E-06    -24.7225     -3.6298  1.0237E-07    508.5492    .6593703    3177179.
 252.000 -6.86E-07    -34.6832   -.5618312  8.0303E-08    508.5793    .3633010    3177179.
 258.000 -2.82E-07    -31.5512    .9753645  5.5699E-08    508.5698    .1490976    3177179.
 264.000 -1.77E-08    -23.0390      1.4508  3.5421E-08    508.5441    .0093672    3177179.
 270.000  1.43E-07    -14.1804      1.2509  2.1596E-08    508.5174   -.0759823    3177179.
 276.000  2.41E-07     -8.0514    .6393850  1.3338E-08    508.4989   -.1278605    3177179.
 282.000  3.04E-07     -6.5221    .2446537  7.9242E-09    508.4943   -.0037166  73464.4895
 288.000  3.37E-07     -5.1241    .2207328  3.5981E-09    508.4900   -.0042571  75894.4895
 294.000  3.47E-07     -3.8772    .1943834  2.5442E-10    508.4863   -.0045261  78324.4895
 300.000  3.40E-07     -2.7918    .1670928 -2.2228E-09    508.4830   -.0045708  80754.4895
 306.000  3.20E-07     -1.8697    .1400692 -3.9544E-09    508.4802   -.0044371  83184.4895
 312.000  2.92E-07     -1.1067    .1142517 -5.0600E-09    508.4779   -.0041687  85614.4895
 318.000  2.59E-07   -.4932393    .0903295 -5.6543E-09    508.4761   -.0038053  88044.4895
 324.000  2.24E-07   -.0166062    .0687668 -5.8437E-09    508.4746   -.0033822  90474.4895
 330.000  1.89E-07    .3382736    .0498314 -5.7242E-09    508.4756   -.0029296  92904.4895
 336.000  1.56E-07    .5875526    .0336252 -5.3803E-09    508.4763   -.0024725  95334.4895
 342.000  1.25E-07    .7475867    .0201153 -4.8844E-09    508.4768   -.0020308  97764.4895
 348.000  9.70E-08    .8342110    .0091635 -4.2968E-09    508.4771   -.0016197     100194.
 354.000  7.31E-08    .8621896    .0005546 -3.6666E-09    508.4772   -.0012499     102624.
 360.000  5.30E-08    .8448266   -.0059788 -3.0325E-09    508.4771   -.0009279     105054.
 366.000  3.67E-08    .7937195   -.0107340 -2.4239E-09    508.4770   -.0006572     107484.
 372.000  2.39E-08    .7186360   -.0140196 -1.8621E-09    508.4767   -.0004380     109914.
 378.000  1.43E-08    .6274958   -.0161390 -1.3621E-09    508.4765   -.0002685     112344.
 384.000  7.57E-09    .5264384   -.0173786 -9.3344E-10    508.4762   -.0001447     114774.
 390.000  3.14E-09    .4199602   -.0179967 -5.8189E-10    508.4758 -6.1293E-05     117204.
 396.000  5.82E-10    .3111070   -.0182154 -3.1033E-10    508.4755 -1.1612E-05     119634.
 402.000 -5.86E-10    .2017109   -.0182144 -1.1984E-10    508.4752  1.1926E-05     122064.
 408.000 -8.56E-10    .0926633   -.0146900 -1.0490E-11    508.4749    .0011629    8154000.
 414.000 -7.12E-10    .0254420   -.0082982  3.3382E-11    508.4747    .0009677    8154000.
 420.000 -4.55E-10   -.0069507   -.0035395  4.0250E-11    508.4746    .0006185    8154000.
 426.000 -2.29E-10   -.0170752   -.0007500  3.1326E-11    508.4746    .0003113    8154000.
 432.000 -7.92E-11   -.0159845    .0005069  1.9045E-11    508.4746    .0001076    8154000.
 438.000 -5.49E-13   -.0110129    .0008320  9.0169E-12    508.4746  7.4630E-07    8154000.
 444.000  2.90E-11   -.0060100    .0007160  2.6936E-12    508.4746 -3.9421E-05    8154000.
 450.000  3.18E-11   -.0024239    .0004682 -4.3927E-13    508.4746 -4.3181E-05    8154000.
 456.000  2.37E-11   -.0003913    .0002419 -1.4850E-12    508.4746 -3.2257E-05    8154000.
 462.000  1.40E-11    .0004803  8.8215E-05 -1.4519E-12    508.4746 -1.8964E-05    8154000.
 468.000  6.31E-12    .0006689  5.5845E-06 -1.0250E-12    508.4746 -8.5796E-06    8154000.
 474.000  1.65E-12    .0005484 -2.6897E-05 -5.7287E-13    508.4746 -2.2474E-06    8154000.
 480.000 -5.61E-13    .0003468 -3.1351E-05 -2.4036E-13    508.4746  7.6274E-07    8154000.
 486.000 -1.23E-12    .0001724 -2.4046E-05 -4.7504E-14    508.4746  1.6724E-06    8154000.
 492.000 -1.13E-12  5.8257E-05 -1.4416E-05  3.8189E-14    508.4746  1.5374E-06    8154000.
 498.000 -7.72E-13 -5.9769E-07 -6.6550E-06  5.9607E-14    508.4746  1.0496E-06    8154000.
 504.000 -4.16E-13 -2.1667E-05 -1.8101E-06  5.1337E-14    508.4746  5.6537E-07    8154000.
 510.000 -1.56E-13 -2.2374E-05  5.2321E-07  3.4977E-14    508.4746  2.1240E-07    8154000.
 516.000  3.71E-15 -1.5426E-05  1.1453E-06  2.0936E-14    508.4746 -5.0391E-09    8154000.
 522.000  9.49E-14 -8.6534E-06  7.4308E-07  1.1991E-14    508.4746 -1.2903E-07    8154000.
 528.000  1.48E-13 -6.5221E-06  3.3362E-07  6.3542E-15    508.4746 -7.4613E-09     303298.
 534.000  1.71E-13 -4.6568E-06  2.8476E-07  2.2017E-15    508.4746 -8.8270E-09     309373.
 540.000  1.74E-13 -3.1074E-06  2.3083E-07 -6.8245E-16    508.4746 -9.1492E-09     315448.
 546.000  1.63E-13 -1.8862E-06  1.7718E-07 -2.5374E-15    508.4746 -8.7348E-09     321523.
 552.000  1.44E-13 -9.7858E-07  1.2745E-07 -3.6015E-15    508.4746 -7.8391E-09     327598.
 558.000  1.20E-13 -3.5283E-07  8.3951E-08 -4.0961E-15    508.4746 -6.6615E-09     333673.
 564.000  9.44E-14  3.3258E-08  4.7927E-08 -4.2148E-15    508.4746 -5.3466E-09     339748.
 570.000  6.92E-14  2.2685E-07  1.9921E-08 -4.1181E-15    508.4746 -3.9889E-09     345823.
 576.000  4.50E-14  2.7675E-07  3.5290E-11 -3.9311E-15    508.4746 -2.6395E-09     351898.
 582.000  2.20E-14  2.3152E-07 -1.1827E-08 -3.7423E-15    508.4746 -1.3146E-09     357973.
 588.000  9.69E-17  1.3887E-07 -1.5794E-08 -3.6047E-15    508.4746 -7.8405E-12     485397.
 594.000 -2.12E-14  4.5880E-08 -1.1891E-08 -3.5361E-15    508.4746  1.3091E-09     370123.
 600.000 -4.23E-14      0.0000      0.0000 -3.5190E-15    508.4746  2.6544E-09     188099.


Output Verification:


Computed forces and moments are within specified convergence limits.
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RW 262 Lateral Pile Capacity MOMENT - Free Head


Output Summary for Load Case No.  1:


Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00416017
Maximum bending moment           =   432003.11508 lbs-in
Maximum shear force              =    12529.24172 lbs
Depth of maximum bending moment  =    60.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             19
Number of zero deflection points =              9


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  17645.0985   -.0074648    508.4746   -210.4680   1262.8077
   6.000   .455211     106113.  16367.6697   -.0074254    828.7357   -215.3417   2838.3533
  12.000   .410895     204431.  15063.4288   -.0073100   1125.4710   -219.4053   3203.8143
  18.000   .367491     294769.  13737.3757   -.0071246   1398.1199   -222.6124   3634.5818
  24.000   .325400     376975.  12394.7972   -.0068751   1646.2248   -224.9137   4147.1517
  30.000   .284989     450932.  11041.2853   -.0065676   1869.4358   -226.2569   4763.4787
  36.000   .246589     516563.   9682.7578   -.0062082   2067.5177   -226.5856   5513.2729
  42.000   .210491     573830.   8325.4836   -.0058031   2240.3551   -225.8391   6437.4811
  48.000   .176952     622736.   6785.3080   -.0053587   2387.9599   -287.5527   9750.2157
  54.000   .146188     661041.   4739.3109   -.0048818   2503.5675   -394.4463  16189.3187
  60.000   .118370     684880.   2392.0695   -.0043818   2575.5174   -387.9675  19665.4680
  66.000   .093606     694478.     91.5642   -.0038695   2604.4846   -378.8675  24284.9148
  72.000   .071937     690158.  -2145.7876   -.0033551   2591.4463   -366.9164  30603.2528
  78.000   .053344     672352.  -4301.9334   -.0028490   2537.7062   -351.7989  39569.2853
  84.000   .037749     641612.  -6356.4591   -.0023609   2444.9284   -333.0430  52935.7576
  90.000   .025013     598624.  -8285.1628   -.0019002   2315.1879   -309.8582  74326.5872
  96.000   .014946     544242. -10056.8238   -.0014757   2151.0560   -280.6955     112683.
 102.000   .007305     479536. -11623.9195   -.0010954   1955.7670   -241.6697     198498.
 108.000   .001801     405938. -12875.5969   -.0007665   1733.6395   -175.5561     584750.
 114.000  -.001893     325857. -12857.5217   -.0004946   1491.9459    181.5811     575596.
 120.000  -.004134     252182. -11631.6040   -.0002799   1269.5870    227.0581     329513.
 126.000  -.005252     186580. -10219.9557   -.0001169   1071.5931    243.4914     278172.
 132.000  -.005538     129669.  -8749.1760  5.2604E-07    899.8290    246.7685     267365.
 138.000  -.005246  81589.2417  -7278.4968  7.9000E-05    754.7198    243.4579     278469.
 144.000  -.004590  42241.4766  -5841.7342    .0001250    635.9639    235.4630     307808.
 150.000  -.003746  11353.4332  -4463.9722    .0001449    542.7405    223.7910     358480.
 156.000  -.002851 -11482.6884  -3165.5517    .0001449    543.1306    209.0158     439891.
 162.000  -.002007 -26789.6338  -1964.1683    .0001306    589.3286    191.4453     572228.
 168.000  -.001283 -35193.8010   -876.3632    .0001076    614.6933    171.1564     800279.
 174.000  -.000716 -37422.2187     80.7573  8.0643E-05    621.4189    147.8838    1239319.
 180.000  -.000316 -34311.8081    885.6691  5.3997E-05    612.0313    120.4202    2290051.
 186.000 -6.80E-05 -26852.5065   1354.9448  3.1277E-05    589.5184     36.0051    3177179.
 192.000  5.98E-05 -18086.2496   1367.9305  1.4584E-05    563.0608    -31.6765    3177179.
 198.000   .000107 -10453.0919   1102.8981  3.9829E-06    540.0231    -56.6676    3177179.
 204.000   .000108  -4855.7740    761.9394 -1.7037E-06    523.1298    -56.9853    3177179.
 210.000  8.66E-05  -1307.9791    453.4589 -3.9933E-06    512.4222    -45.8415    3177179.
 216.000  5.97E-05    590.0460    221.1032 -4.2600E-06    510.2554    -31.6104    3177179.
 222.000  3.55E-05   1349.8603     69.9560 -3.5394E-06    512.5486    -18.7720    3177179.
 228.000  1.72E-05   1433.3410    -13.7194 -2.5055E-06    512.8006     -9.1198    3177179.
 234.000  5.38E-06   1187.9337    -49.6313 -1.5319E-06    512.0599     -2.8508    3177179.
 240.000 -1.16E-06    839.4193    -56.3415 -7.7877E-07    511.0080    .6141269    3177179.
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RW 262 Lateral Pile Capacity MOMENT - Free Head
 246.000 -3.96E-06    512.6768    -48.2059 -2.7652E-07    510.0219      2.0977    3177179.
 252.000 -4.48E-06    261.2475    -34.7989  1.0959E-08    509.2630      2.3713    3177179.
 258.000 -3.83E-06     95.0783    -21.6008  1.4332E-07    508.7615      2.0281    3177179.
 264.000 -2.76E-06      1.8830    -11.1348  1.7934E-07    508.4803      1.4605    3177179.
 270.000 -1.68E-06    -38.7335     -4.0876  1.6565E-07    508.5915    .8885380    3177179.
 276.000 -7.70E-07    -47.3470   -.1981114  1.3367E-07    508.6175    .4079564    3177179.
 282.000 -7.39E-08    -41.2552      1.0285  1.0076E-07    508.5991    .0009048  73464.4895
 288.000  4.39E-07    -35.1142      1.0145  7.2393E-08    508.5806   -.0055494  75894.4895
 294.000  7.95E-07    -29.1589    .9667638  4.8518E-08    508.5626   -.0103755  78324.4895
 300.000  1.02E-06    -23.5654    .8944148  2.8933E-08    508.5457   -.0137408  80754.4895
 306.000  1.14E-06    -18.4572    .8056938  1.3323E-08    508.5303   -.0158329  83184.4895
 312.000  1.18E-06    -13.9115    .7076480  1.2995E-09    508.5166   -.0168491  85614.4895
 318.000  1.16E-06     -9.9668    .6061406 -7.5703E-09    508.5047   -.0169867  88044.4895
 324.000  1.09E-06     -6.6296    .5058734 -1.3735E-08    508.4946   -.0164357  90474.4895
 330.000  9.93E-07     -3.8815    .4104497 -1.7640E-08    508.4863   -.0153723  92904.4895
 336.000  8.78E-07     -1.6852    .3224673 -1.9707E-08    508.4797   -.0139552  95334.4895
 342.000  7.56E-07    .0093985    .2436327 -2.0330E-08    508.4746   -.0123230  97764.4895
 348.000  6.34E-07      1.2604    .1748855 -1.9858E-08    508.4784   -.0105927     100194.
 354.000  5.18E-07      2.1295    .1165283 -1.8599E-08    508.4810   -.0088597     102624.
 360.000  4.11E-07      2.6788    .0683532 -1.6813E-08    508.4827   -.0071987     105054.
 366.000  3.16E-07      2.9679    .0297622 -1.4716E-08    508.4835   -.0056650     107484.
 372.000  2.35E-07      3.0518   -.0001231 -1.2479E-08    508.4838   -.0042968     109914.
 378.000  1.66E-07      2.9799   -.0223648 -1.0239E-08    508.4836   -.0031171     112344.
 384.000  1.12E-07      2.7945   -.0381255 -8.0940E-09    508.4830   -.0021364     114774.
 390.000  6.93E-08      2.5311   -.0485987 -6.1158E-09    508.4822   -.0013547     117204.
 396.000  3.83E-08      2.2179   -.0549535 -4.3517E-09    508.4813   -.0007636     119634.
 402.000  1.71E-08      1.8764   -.0582896 -2.8308E-09    508.4802   -.0003485     122064.
 408.000  4.33E-09      1.5215   -.0769687 -1.5687E-09    508.4792   -.0058779    8154000.
 414.000 -1.70E-09    .9544320   -.0876889 -6.4896E-10    508.4775    .0023046    8154000.
 420.000 -3.46E-09    .4699395   -.0666593 -1.1986E-10    508.4760    .0047053    8154000.
 426.000 -3.13E-09    .1546499   -.0397654  1.1215E-10    508.4750    .0042593    8154000.
 432.000 -2.12E-09   -.0073668   -.0183582  1.6685E-10    508.4746    .0028765    8154000.
 438.000 -1.13E-09   -.0658283   -.0051141  1.3967E-10    508.4748    .0015382    8154000.
 444.000 -4.41E-10   -.0688869    .0012970  8.9625E-11    508.4748    .0005988    8154000.
 450.000 -5.64E-11   -.0503616    .0033232  4.5329E-11    508.4747  7.6635E-05    8154000.
 456.000  1.03E-10   -.0290573    .0031318  1.5828E-11    508.4747   -.0001404    8154000.
 462.000  1.34E-10   -.0127970    .0021661  2.8056E-13    508.4746   -.0001815    8154000.
 468.000  1.07E-10   -.0030649    .0011866 -5.6115E-12    508.4746   -.0001450    8154000.
 474.000  6.62E-11    .0014480    .0004816 -6.2121E-12    508.4746 -8.9971E-05    8154000.
 480.000  3.22E-11    .0027213  8.0608E-05 -4.6634E-12    508.4746 -4.3703E-05    8154000.
 486.000  1.02E-11    .0024203 -9.2261E-05 -2.7535E-12    508.4746 -1.3920E-05    8154000.
 492.000 -8.84E-13    .0016172   -.0001304 -1.2538E-12    508.4746  1.2013E-06    8154000.
 498.000 -4.80E-12    .0008566   -.0001072 -3.3484E-13    508.4746  6.5262E-06    8154000.
 504.000 -4.90E-12    .0003307 -6.7671E-05  1.0622E-13    508.4746  6.6618E-06    8154000.
 510.000 -3.53E-12  4.4479E-05 -3.3303E-05  2.4559E-13    508.4746  4.7940E-06    8154000.
 516.000 -1.95E-12 -6.9189E-05 -1.0951E-05  2.3641E-13    508.4746  2.6568E-06    8154000.
 522.000 -6.91E-13 -8.7185E-05 -1.6447E-07  1.7832E-13    508.4746  9.3866E-07    8154000.
 528.000  1.85E-13 -7.1355E-05  2.6235E-06  1.1943E-13    508.4746 -9.3477E-09     303298.
 534.000  7.42E-13 -5.5833E-05  2.4806E-06  7.2186E-14    508.4746 -3.8284E-08     309373.
 540.000  1.05E-12 -4.1666E-05  2.1999E-06  3.5969E-14    508.4746 -5.5264E-08     315448.
 546.000  1.17E-12 -2.9472E-05  1.8454E-06  9.5440E-15    508.4746 -6.2917E-08     321523.
 552.000  1.17E-12 -1.9532E-05  1.4657E-06 -8.6591E-15    508.4746 -6.3646E-08     327598.
 558.000  1.07E-12 -1.1875E-05  1.0962E-06 -2.0325E-14    508.4746 -5.9516E-08     333673.
 564.000  9.22E-13 -6.3552E-06  7.6108E-07 -2.7097E-14    508.4746 -5.2195E-08     339748.
 570.000  7.45E-13 -2.7123E-06  4.7567E-07 -3.0465E-14    508.4746 -4.2941E-08     345823.
 576.000  5.56E-13 -6.1424E-07  2.4899E-07 -3.1701E-14    508.4746 -3.2621E-08     351898.
 582.000  3.65E-13  3.0975E-07  8.5862E-08 -3.1814E-14    508.4746 -2.1754E-08     357973.
 588.000  1.74E-13  4.5047E-07 -1.1150E-08 -3.1531E-14    508.4746 -1.0583E-08     364048.
 594.000 -1.38E-14  2.1000E-07 -4.0355E-08 -3.1286E-14    508.4746  8.4859E-10     370123.
 600.000 -2.01E-13      0.0000      0.0000 -3.1208E-14    508.4746  1.2603E-08     188099.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  2:


Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00746482
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RW 262 Lateral Pile Capacity MOMENT - Free Head
Maximum bending moment           =   694477.99467 lbs-in
Maximum shear force              =    17645.09854 lbs
Depth of maximum bending moment  =    66.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             20
Number of zero deflection points =              9


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  24844.2764   -.0133808    508.4746   -250.2900    750.8700
   6.000   .919715     151786.  23323.1965   -.0133244    966.5814   -256.7366   1674.8880
  12.000   .840107     294269.  21765.9071   -.0131587   1396.6096   -262.3598   1873.7602
  18.000   .761810     427188.  20177.4825   -.0128907   1797.7756   -267.1151   2103.7917
  24.000   .685418     550321.  18563.2694   -.0125276   2169.4017   -270.9560   2371.8897
  30.000   .611479     663477.  16928.8992   -.0120768   2510.9217   -273.8340   2686.9359
  36.000   .540497     766510.  15280.3031   -.0115456   2821.8857   -275.6980   3060.4945
  42.000   .472932     859310.  13623.7276   -.0109416   3101.9665   -276.4939   3507.8273
  48.000   .409197     941812.  11730.4657   -.0102726   3350.9653   -354.5934   5199.3529
  54.000   .349661    1011170.   9195.1032   -.0095472   3560.2965   -490.5275   8417.2048
  60.000   .294631    1062464.   6261.6325   -.0087769   3715.1066   -487.2961   9923.5084
  66.000   .244338    1095789.   3355.0865   -.0079752   3815.6847   -481.5526  11825.0752
  72.000   .198929    1111338.    491.0342   -.0071553   3862.6144   -473.1315  14270.3473
  78.000   .158474    1109409.  -2313.8446   -.0063304   3856.7918   -461.8281  17485.2968
  84.000   .122964    1090409.  -5041.4549   -.0055133   3799.4475   -447.3753  21829.5019
  90.000   .092315    1054866.  -7671.7840   -.0047164   3692.1747   -429.4011  27908.8199
  96.000   .066368    1003441. -10182.0156   -.0039518   3536.9694   -407.3428  36825.8736
 102.000   .044894     936950. -12544.8127   -.0032310   3336.2906   -380.2562  50821.0150
 108.000   .027596     856393. -14724.5094   -.0025649   3093.1618   -346.3094  75296.3901
 114.000   .014115     763026. -16666.5376   -.0019633   2811.3689   -301.0334     127961.
 120.000   .004036     658515. -18248.4542   -.0014353   2495.9443   -226.2722     336390.
 126.000  -.003108     545594. -18287.0821   -.0009880   2155.1375    213.3962     411953.
 132.000  -.007820     440137. -16839.7715   -.0006218   1836.8559    269.0406     206424.
 138.000  -.010570     344189. -15162.2072   -.0003305   1547.2732    290.1475     164699.
 144.000  -.011786     258547. -13397.2385   -.0001066   1288.7989    298.1754     151796.
 150.000  -.011849     183537. -11606.9574  5.7619E-05   1062.4088    298.5849     151192.
 156.000  -.011094     119202.  -9830.0554    .0001701    868.2384    293.7157     158844.
 162.000  -.009808  65392.5423  -8094.4902    .0002386    705.8364    284.8061     174222.
 168.000  -.008231  21810.1259  -6422.3108    .0002710    574.2999    272.5871     198709.
 174.000  -.006556 -11967.9055  -4832.0181    .0002747    544.5950    257.5105     235674.
 180.000  -.004934 -36470.7585  -3339.9491    .0002567    618.5473    239.8459     291638.
 186.000  -.003476 -52324.5288  -1961.2688    .0002237    666.3957    219.7142     379303.
 192.000  -.002250 -60247.5957   -710.9268    .0001819    690.3084    197.0664     525540.
 198.000  -.001293 -61052.1012    394.9411    .0001368    692.7365    171.5562     796235.
 204.000  -.000608 -55656.0911   1335.6968  9.3489E-05    676.4507    142.0291    1402109.
 210.000  -.000171 -45124.7073   2033.2618  5.6053E-05    644.6658     90.4926    3177179.
 216.000  6.49E-05 -31317.4863   2201.7172  2.7657E-05    602.9942    -34.3408    3177179.
 222.000   .000161 -18733.9714   1842.9360  9.0654E-06    565.0157    -85.2529    3177179.
 228.000   .000174  -9212.0451   1311.3407 -1.3154E-06    536.2775    -91.9455    3177179.
 234.000   .000145  -2996.4624    804.8216 -5.8504E-06    517.5182    -76.8942    3177179.
 240.000   .000103    452.1319    409.8290 -6.7955E-06    509.8392    -54.7700    3177179.
 246.000  6.37E-05   1928.8243    144.3797 -5.9111E-06    514.2960    -33.7131    3177179.
 252.000  3.25E-05   2191.0728     -8.3861 -4.3807E-06    515.0875    -17.2089    3177179.
 258.000  1.11E-05   1832.9228    -77.6421 -2.8860E-06    514.0065     -5.8765    3177179.
 264.000 -2.13E-06   1262.4847    -91.8829 -1.7361E-06    512.2849      1.1295    3177179.
 270.000 -9.74E-06    732.2032    -73.0275 -9.9519E-07    510.6844      5.1556    3177179.
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 276.000 -1.41E-05    387.2289    -35.2008 -5.7937E-07    509.6433      7.4533    3177179.
 282.000 -1.67E-05    310.4195    -12.2278 -3.2022E-07    509.4115    .2043362  73464.4895
 288.000 -1.79E-05    240.8417    -10.9348 -1.1545E-07    509.2015    .2266468  75894.4895
 294.000 -1.81E-05    179.3265     -9.5470  4.0626E-08    509.0158    .2359390  78324.4895
 300.000 -1.74E-05    126.2333     -8.1354  1.5413E-07    508.8556    .2345989  80754.4895
 306.000 -1.62E-05     81.5349     -6.7568  2.3131E-07    508.7207    .2249366  83184.4895
 312.000 -1.47E-05     44.9016     -5.4547  2.7827E-07    508.6101    .2091113  85614.4895
 318.000 -1.29E-05     15.7782     -4.2601  3.0081E-07    508.5222    .1890776  88044.4895
 324.000 -1.10E-05     -6.5447     -3.1932  3.0424E-07    508.4943    .1665500  90474.4895
 330.000 -9.23E-06    -22.8692     -2.2646  2.9332E-07    508.5436    .1429836  92904.4895
 336.000 -7.53E-06    -34.0371     -1.4770  2.7218E-07    508.5773    .1195701  95334.4895
 342.000 -5.97E-06    -40.8868   -.8265261  2.4435E-07    508.5980    .0972446  97764.4895
 348.000 -4.59E-06    -44.2193   -.3046888  2.1273E-07    508.6080    .0767012     100194.
 354.000 -3.42E-06    -44.7728    .1006609  1.7968E-07    508.6097    .0584154     102624.
 360.000 -2.44E-06    -43.2054    .4039170  1.4700E-07    508.6050    .0426699     105054.
 366.000 -1.65E-06    -40.0845    .6206733  1.1606E-07    508.5956    .0295821     107484.
 372.000 -1.04E-06    -35.8826    .7668132  8.7839E-08    508.5829    .0191311     109914.
 378.000 -5.97E-07    -30.9776    .8577566  6.3003E-08    508.5681    .0111833     112344.
 384.000 -2.88E-07    -25.6576    .9078511  4.1965E-08    508.5520    .0055148     114774.
 390.000 -9.37E-08    -20.1287    .9298859  2.4957E-08    508.5353    .0018301     117204.
 396.000  1.12E-08    -14.5259    .9347067  1.2085E-08    508.5184   -.0002232     119634.
 402.000  5.13E-08     -8.9253    .9309046  3.3733E-09    508.5015   -.0010442     122064.
 408.000  5.17E-08     -3.3587    .7170998 -1.1897E-09    508.4847   -.0702241    8154000.
 414.000  3.70E-08   -.3188377    .3553765 -2.5557E-09    508.4755   -.0503503    8154000.
 420.000  2.10E-08    .9085600    .1186904 -2.3367E-09    508.4773   -.0285451    8154000.
 426.000  9.01E-09      1.1080   -.0036757 -1.5876E-09    508.4779   -.0122437    8154000.
 432.000  1.95E-09    .8661656   -.0483689 -8.5431E-10    508.4772   -.0026541    8154000.
 438.000 -1.24E-09    .5284661   -.0512657 -3.3626E-10    508.4762    .0016885    8154000.
 444.000 -2.08E-09    .2513400   -.0377111 -4.6597E-11    508.4753    .0028297    8154000.
 450.000 -1.80E-09    .0759827   -.0218768  7.4990E-11    508.4748    .0024484    8154000.
 456.000 -1.18E-09   -.0112630   -.0097113  9.9030E-11    508.4746    .0016068    8154000.
 462.000 -6.13E-10   -.0406599   -.0023907  7.9743E-11    508.4747    .0008334    8154000.
 468.000 -2.25E-10   -.0400380    .0010285  4.9767E-11    508.4747    .0003063    8154000.
 474.000 -1.60E-11   -.0283721    .0020129  2.4356E-11    508.4747  2.1801E-05    8154000.
 480.000  6.69E-11   -.0159100    .0018057  7.9065E-12    508.4746 -9.0858E-05    8154000.
 486.000  7.88E-11   -.0067123    .0012117 -4.9677E-13    508.4746   -.0001071    8154000.
 492.000  6.09E-11   -.0013690    .0006420 -3.4986E-12    508.4746 -8.2756E-05    8154000.
 498.000  3.69E-11    .0009957    .0002435 -3.6373E-12    508.4746 -5.0082E-05    8154000.
 504.000  1.72E-11    .0015571  2.2946E-05 -2.6890E-12    508.4746 -2.3440E-05    8154000.
 510.000  4.58E-12    .0012740 -6.6062E-05 -1.6374E-12    508.4746 -6.2298E-06    8154000.
 516.000 -2.40E-12    .0007661 -7.4964E-05 -8.7954E-13    508.4746  3.2625E-06    8154000.
 522.000 -5.97E-12    .0003754 -4.0836E-05 -4.5552E-13    508.4746  8.1137E-06    8154000.
 528.000 -7.87E-12    .0002766 -1.5302E-05 -2.1334E-13    508.4746  3.9767E-07     303298.
 534.000 -8.53E-12    .0001920 -1.2789E-05 -3.9292E-14    508.4746  4.3985E-07     309373.
 540.000 -8.34E-12    .0001232 -1.0154E-05  7.7769E-14    508.4746  4.3839E-07     315448.
 546.000 -7.60E-12  7.0049E-05 -7.6179E-06  1.4953E-13    508.4746  4.0712E-07     321523.
 552.000 -6.54E-12  3.1574E-05 -5.3247E-06  1.8728E-13    508.4746  3.5730E-07     327598.
 558.000 -5.35E-12  5.9501E-06 -3.3603E-06  2.0122E-13    508.4746  2.9752E-07     333673.
 564.000 -4.13E-12 -8.9660E-06 -1.7662E-06  2.0010E-13    508.4746  2.3382E-07     339748.
 570.000 -2.95E-12 -1.5461E-05 -5.5493E-07  1.9103E-13    508.4746  1.6995E-07     345823.
 576.000 -1.84E-12 -1.5831E-05  2.7813E-07  1.7940E-13    508.4746  1.0774E-07     351898.
 582.000 -7.96E-13 -1.2317E-05  7.4377E-07  1.6895E-13    508.4746  4.7479E-08     357973.
 588.000  1.90E-13 -7.0886E-06  8.5154E-07  1.6174E-13    508.4746 -1.1555E-08     364048.
 594.000  1.15E-12 -2.2733E-06  6.0496E-07  1.5826E-13    508.4746 -7.0637E-08     370123.
 600.000  2.09E-12      0.0000      0.0000  1.5742E-13    508.4746 -1.3102E-07     188099.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  3:


Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01338081
Maximum bending moment           =       1111338. lbs-in
Maximum shear force              =    24844.27640 lbs
Depth of maximum bending moment  =    72.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             22
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Number of zero deflection points =              8


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     432003.  12529.2417
  4  y=   .500000 M=     0.000  90000.0000    .5000000     694478.  17645.0985
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000    1111338.  24844.2764


The analysis ended normally. 


Page 10







Pile Length (in)


State Route 91 Soundwalls and Retaining Walls - Retaining Wall 262 - Free Head


P
il
e
-H


e
a
d


 D
e
fl


e
c
ti


o
n


 (
in


)


0 20 40 60 80 100 120 140 160 180 200 220 240 260


0
0


.2
0


.4
0


.6
0


.8
1


1
.2


1
.4


1
.6


1
.8


2
2


.2
2


.4


Case 1







RW 262 Lateral Pile Capacity Critical Depth
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 262\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 262 Lateral Pile Capacity Critical Depth.lpd
Name of output file:         RW 262 Lateral Pile Capacity Critical Depth.lpo
Name of plot output file:    RW 262 Lateral Pile Capacity Critical Depth.lpp
Name of runtime file:        RW 262 Lateral Pile Capacity Critical Depth.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  9, 2008     Time:  11:20:21


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
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RW 262 Lateral Pile Capacity Critical Depth
- Only summary tables of pile-head deflection, maximum bending moment,
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     260.00 in


Depth of ground surface below top of pile =     -60.00 in


Slope angle of ground surface             =        .00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     260.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =       48.000 in


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       48.000 in
Distance from top of pile to bottom of layer =      282.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      282.000 in
Distance from top of pile to bottom of layer =      408.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      408.000 in
Distance from top of pile to bottom of layer =      528.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      528.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


(Depth of lowest layer extends  540.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00         .07200
  2            48.00         .07200
  3            48.00         .07200
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  4           282.00         .07200
  5           282.00         .06900
  6           408.00         .06900
  7           408.00         .06900
  8           528.00         .06900
  9           528.00         .06900
 10           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000        6.10000             .00           .01000        .0
  2       48.000        6.10000             .00           .01000        .0
  3       48.000       12.80000             .00           .00700        .0
  4      282.000       12.80000             .00           .00700        .0
  5      282.000         .00000           35.00           ------    ------
  6      408.000         .00000           35.00           ------    ------
  7      408.000       30.20000             .00           .00500        .0
  8      528.000       30.20000             .00           .00500        .0
  9      528.000         .00000           35.00           ------    ------
 10      800.000         .00000           35.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .5500         1.0000
  2          600.000          .5500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  1


Load Case Number  1
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Pile-head boundary conditions are Shear and Moment (BC Type 1)
Shear force at pile head    =       19700.000 lbs
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


(Zero moment at pile head for this load indicates a free-head condition)


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Specified shear force at pile head  =       19700.000 lbs
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


(Zero moment for this load indicates free-head conditions)


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  1  V=    19700. M=     0.000  90000.0000      1.0019     948026.  19700.0000


------------------------------------------------------------------------------
                     Pile-head Deflection vs. Pile Length
------------------------------------------------------------------------------


Boundary Condition Type 1, Shear and Moment


Shear      =          19700. lbs
Moment     =              0. in-lbs
Axial Load =          90000. lbs


   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   260.000    1.00190656  948026.15954   19700.00000
   247.000    1.00322303  947928.79617   19700.00000
   234.000    1.00356870  947206.18428   19700.00000
   221.000    1.00073925  945960.71681   19700.00000
   208.000    1.00865033  949863.83678   19700.00000
   195.000    1.02538824  942626.17603   19700.00000
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   182.000    1.15463455  926161.00968   19700.00000
   169.000    1.51671691  895153.28215   19700.00000
   156.000    2.57473014  866868.80720  -20077.00006


The analysis ended normally. 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 266


Width of the Wall is 13.25 ft


Date: 2/26/2008


Input Parameters (from Input-Output Sheet)


c cohesion 360 psf 17.236893 kPa


φ friction angle 29 degrees 29 degrees


γ unit weight of soil 125 pcf 19.63 kN/m3


B width of foundation 13.25 feet 4.04 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 16.44


Nc 27.86


Nγ 19.34


Shape Factors


Fcs 1.08


Fqs 1.07


Fγs 0.95


Depth Factors


Fcd 1.09


Fqd 1.07


Fγd 1.00


Effects of Water Table


q 375.00 psf 18.0 kPa


γ 125.00 pcf 19.625 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 33.9 ksf 1626 kPa


qall 11.3 ksf 542 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 266


Width of the Foundation is 13.25 ft


Date: 2/28/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 691 ft 1 0 3 3 125 0.3 NA N 1000 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 25 22 125 0.3 NA N 1000 Clay N NA


Depth Interval 0.5 ft 3 25 34.5 9.5 120 0.3 NA N 1150 Sand N NA


Footing Length 100 ft 4 34.5 96.5 62 120 0.3 NA N 1500 Sand N NA


Footing Width 13.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 6.625 ft


Ground Surface Elevation 851 ft MSL


Foundation Pressure 11300 psf


Net Foundation Pressure 10925 psf Total Layer Thickness 96.5 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.81


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 850.75 125.00 31.25 0.00 31.25 0.30 1000.00 NA N 0.00 Clay N 31.25 0.000


1 0.5 1 0.75 0 850.25 125.00 93.75 0.00 93.75 0.30 1000.00 NA N 0.00 Clay N 93.75 0.000


1 1 1.5 1.25 0 849.75 125.00 156.25 0.00 156.25 0.30 1000.00 NA N 0.00 Clay N 156.25 0.000


1 1.5 2 1.75 0 849.25 125.00 218.75 0.00 218.75 0.30 1000.00 NA N 0.00 Clay N 218.75 0.000


1 2 2.5 2.25 0 848.75 125.00 281.25 0.00 281.25 0.30 1000.00 NA N 0.00 Clay N 281.25 0.000


1 2.5 3 2.75 0 848.25 125.00 343.75 0.00 343.75 0.30 1000.00 NA N 0.00 Clay N 343.75 0.000


2 3 3.5 3.25 0.25 847.75 125.00 406.25 0.00 406.25 0.30 1000.00 NA N 10783.50 Clay N 406.25 0.065


2 3.5 4 3.75 0.75 847.25 125.00 468.75 0.00 468.75 0.30 1000.00 NA N 10500.97 Clay N 468.75 0.063


2 4 4.5 4.25 1.25 846.75 125.00 531.25 0.00 531.25 0.30 1000.00 NA N 10219.79 Clay N 531.25 0.061


2 4.5 5 4.75 1.75 846.25 125.00 593.75 0.00 593.75 0.30 1000.00 NA N 9940.85 Clay N 593.75 0.060


2 5 5.5 5.25 2.25 845.75 125.00 656.25 0.00 656.25 0.30 1000.00 NA N 9664.98 Clay N 656.25 0.058


2 5.5 6 5.75 2.75 845.25 125.00 718.75 0.00 718.75 0.30 1000.00 NA N 9392.95 Clay N 718.75 0.056


2 6 6.5 6.25 3.25 844.75 125.00 781.25 0.00 781.25 0.30 1000.00 NA N 9125.48 Clay N 781.25 0.055


2 6.5 7 6.75 3.75 844.25 125.00 843.75 0.00 843.75 0.30 1000.00 NA N 8863.21 Clay N 843.75 0.053


2 7 7.5 7.25 4.25 843.75 125.00 906.25 0.00 906.25 0.30 1000.00 NA N 8606.67 Clay N 906.25 0.052


2 7.5 8 7.75 4.75 843.25 125.00 968.75 0.00 968.75 0.30 1000.00 NA N 8356.35 Clay N 968.75 0.050


2 8 8.5 8.25 5.25 842.75 125.00 1031.25 0.00 1031.25 0.30 1000.00 NA N 8112.62 Clay N 1031.25 0.049


2 8.5 9 8.75 5.75 842.25 125.00 1093.75 0.00 1093.75 0.30 1000.00 NA N 7875.78 Clay N 1093.75 0.047


2 9 9.5 9.25 6.25 841.75 125.00 1156.25 0.00 1156.25 0.30 1000.00 NA N 7646.05 Clay N 1156.25 0.046


2 9.5 10 9.75 6.75 841.25 125.00 1218.75 0.00 1218.75 0.30 1000.00 NA N 7423.57 Clay N 1218.75 0.045


2 10 10.5 10.25 7.25 840.75 125.00 1281.25 0.00 1281.25 0.30 1000.00 NA N 7208.43 Clay N 1281.25 0.043


2 10.5 11 10.75 7.75 840.25 125.00 1343.75 0.00 1343.75 0.30 1000.00 NA N 7000.63 Clay N 1343.75 0.042


2 11 11.5 11.25 8.25 839.75 125.00 1406.25 0.00 1406.25 0.30 1000.00 NA N 6800.16 Clay N 1406.25 0.041


2 11.5 12 11.75 8.75 839.25 125.00 1468.75 0.00 1468.75 0.30 1000.00 NA N 6606.92 Clay N 1468.75 0.040


2 12 12.5 12.25 9.25 838.75 125.00 1531.25 0.00 1531.25 0.30 1000.00 NA N 6420.80 Clay N 1531.25 0.039


2 12.5 13 12.75 9.75 838.25 125.00 1593.75 0.00 1593.75 0.30 1000.00 NA N 6241.66 Clay N 1593.75 0.037


2 13 13.5 13.25 10.25 837.75 125.00 1656.25 0.00 1656.25 0.30 1000.00 NA N 6069.31 Clay N 1656.25 0.036


2 13.5 14 13.75 10.75 837.25 125.00 1718.75 0.00 1718.75 0.30 1000.00 NA N 5903.57 Clay N 1718.75 0.035


2 14 14.5 14.25 11.25 836.75 125.00 1781.25 0.00 1781.25 0.30 1000.00 NA N 5744.23 Clay N 1781.25 0.034


2 14.5 15 14.75 11.75 836.25 125.00 1843.75 0.00 1843.75 0.30 1000.00 NA N 5591.08 Clay N 1843.75 0.034


2 15 15.5 15.25 12.25 835.75 125.00 1906.25 0.00 1906.25 0.30 1000.00 NA N 5443.89 Clay N 1906.25 0.033


2 15.5 16 15.75 12.75 835.25 125.00 1968.75 0.00 1968.75 0.30 1000.00 NA N 5302.42 Clay N 1968.75 0.032


2 16 16.5 16.25 13.25 834.75 125.00 2031.25 0.00 2031.25 0.30 1000.00 NA N 5166.47 Clay N 2031.25 0.031


2 16.5 17 16.75 13.75 834.25 125.00 2093.75 0.00 2093.75 0.30 1000.00 NA N 5035.79 Clay N 2093.75 0.030


2 17 17.5 17.25 14.25 833.75 125.00 2156.25 0.00 2156.25 0.30 1000.00 NA N 4910.16 Clay N 2156.25 0.029


2 17.5 18 17.75 14.75 833.25 125.00 2218.75 0.00 2218.75 0.30 1000.00 NA N 4789.38 Clay N 2218.75 0.029


2 18 18.5 18.25 15.25 832.75 125.00 2281.25 0.00 2281.25 0.30 1000.00 NA N 4673.21 Clay N 2281.25 0.028


2 18.5 19 18.75 15.75 832.25 125.00 2343.75 0.00 2343.75 0.30 1000.00 NA N 4561.46 Clay N 2343.75 0.027


2 19 19.5 19.25 16.25 831.75 125.00 2406.25 0.00 2406.25 0.30 1000.00 NA N 4453.94 Clay N 2406.25 0.027


2 19.5 20 19.75 16.75 831.25 125.00 2468.75 0.00 2468.75 0.30 1000.00 NA N 4350.43 Clay N 2468.75 0.026


2 20 20.5 20.25 17.25 830.75 125.00 2531.25 0.00 2531.25 0.30 1000.00 NA N 4250.77 Clay N 2531.25 0.026


2 20.5 21 20.75 17.75 830.25 125.00 2593.75 0.00 2593.75 0.30 1000.00 NA N 4154.76 Clay N 2593.75 0.025


2 21 21.5 21.25 18.25 829.75 125.00 2656.25 0.00 2656.25 0.30 1000.00 NA N 4062.26 Clay N 2656.25 0.024


2 21.5 22 21.75 18.75 829.25 125.00 2718.75 0.00 2718.75 0.30 1000.00 NA N 3973.08 Clay N 2718.75 0.024


2 22 22.5 22.25 19.25 828.75 125.00 2781.25 0.00 2781.25 0.30 1000.00 NA N 3887.08 Clay N 2781.25 0.023


2 22.5 23 22.75 19.75 828.25 125.00 2843.75 0.00 2843.75 0.30 1000.00 NA N 3804.11 Clay N 2843.75 0.023


2 23 23.5 23.25 20.25 827.75 125.00 2906.25 0.00 2906.25 0.30 1000.00 NA N 3724.04 Clay N 2906.25 0.022


2 23.5 24 23.75 20.75 827.25 125.00 2968.75 0.00 2968.75 0.30 1000.00 NA N 3646.72 Clay N 2968.75 0.022


2 24 24.5 24.25 21.25 826.75 125.00 3031.25 0.00 3031.25 0.30 1000.00 NA N 3572.04 Clay N 3031.25 0.021


2 24.5 25 24.75 21.75 826.25 125.00 3093.75 0.00 3093.75 0.30 1000.00 NA N 3499.86 Clay N 3093.75 0.021


3 25 25.5 25.25 22.25 825.75 120.00 3155.00 0.00 3155.00 0.30 1150.00 NA N 3430.09 Sand N 3155.00 0.018


3 25.5 26 25.75 22.75 825.25 120.00 3215.00 0.00 3215.00 0.30 1150.00 NA N 3362.61 Sand N 3215.00 0.018


3 26 26.5 26.25 23.25 824.75 120.00 3275.00 0.00 3275.00 0.30 1150.00 NA N 3297.32 Sand N 3275.00 0.017


3 26.5 27 26.75 23.75 824.25 120.00 3335.00 0.00 3335.00 0.30 1150.00 NA N 3234.12 Sand N 3335.00 0.017


3 27 27.5 27.25 24.25 823.75 120.00 3395.00 0.00 3395.00 0.30 1150.00 NA N 3172.92 Sand N 3395.00 0.017


3 27.5 28 27.75 24.75 823.25 120.00 3455.00 0.00 3455.00 0.30 1150.00 NA N 3113.63 Sand N 3455.00 0.016


3 28 28.5 28.25 25.25 822.75 120.00 3515.00 0.00 3515.00 0.30 1150.00 NA N 3056.18 Sand N 3515.00 0.016


3 28.5 29 28.75 25.75 822.25 120.00 3575.00 0.00 3575.00 0.30 1150.00 NA N 3000.48 Sand N 3575.00 0.016


3 29 29.5 29.25 26.25 821.75 120.00 3635.00 0.00 3635.00 0.30 1150.00 NA N 2946.45 Sand N 3635.00 0.015


Estimated Settlement 1.81


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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Name: Alluvium1
Unit Weight: 125
Cohesion: 360
Phi: 29


Name: Fill
Unit Weight: 120
Cohesion: 100
Phi: 34


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 266 @ Station 278+00
Static Analysis


Surcharge Load = 240 psf


Wall Height = 24 ft
Width of the Wall = 13.25 ft


Distance (feet)


0 10 20 30 40 50 60 70 80 90 100


E
le


v
a


ti
o


n
 (


ft
 M


S
L


)


825


835


845


855


865


875







1 2


3 4


5 6 7 8 9


10 11 12


1.896


Name: Alluvium1
Unit Weight: 125
Cohesion: 360
Phi: 29


Name: Fill
Unit Weight: 120
Cohesion: 100
Phi: 34


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 266 @ Station 278+00
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 24 ft
Width of the Wall = 13.25 ft


Distance (feet)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 267 - Sloping ground


Width of the Wall is 6.25 ft


Date: 4/28/2008


Input Parameters (from Input-Output Sheet)


c cohesion 100 psf 4.7880259 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 6.25 feet 1.90 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.322 radians 0.322 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.00


Fqs 1.00


Fγs 1.00


Depth Factors


Fcd 1.19


Fqd 1.13


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 0.42


Fqg 0.44


Fγg 0.44


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 14.3 ksf 685 kPa


qall 4.8 ksf 228 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 267


Width of the Foundation is 6.25 ft


Date: 4/28/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 85 ft 1 0 3 3 120 0.3 NA NA 750 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 4 1 120 0.3 NA NA 750 Clay N NA


Depth Interval 0.5 ft 3 4 67 63 120 0.3 NA NA 1100 Sand N NA


Footing Length 1000 ft


Footing Width 6.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 3.125 ft


Ground Surface Elevation 847 ft MSL


Foundation Pressure 4800 psf


Net Foundation Pressure 4440 psf Total Layer Thickness 67 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.34


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 846.75 120.00 30.00 0.00 30.00 0.30 750.00 NA NA 0.00 Clay N 30.00 0.000


1 0.5 1 0.75 0 846.25 120.00 90.00 0.00 90.00 0.30 750.00 NA NA 0.00 Clay N 90.00 0.000


1 1 1.5 1.25 0 845.75 120.00 150.00 0.00 150.00 0.30 750.00 NA NA 0.00 Clay N 150.00 0.000


1 1.5 2 1.75 0 845.25 120.00 210.00 0.00 210.00 0.30 750.00 NA NA 0.00 Clay N 210.00 0.000


1 2 2.5 2.25 0 844.75 120.00 270.00 0.00 270.00 0.30 750.00 NA NA 0.00 Clay N 270.00 0.000


1 2.5 3 2.75 0 844.25 120.00 330.00 0.00 330.00 0.30 750.00 NA NA 0.00 Clay N 330.00 0.000


2 3 3.5 3.25 0.25 843.75 120.00 390.00 0.00 390.00 0.30 750.00 NA NA 4319.20 Clay N 390.00 0.035


2 3.5 4 3.75 0.75 843.25 120.00 450.00 0.00 450.00 0.30 750.00 NA NA 4079.35 Clay N 450.00 0.033


3 4 4.5 4.25 1.25 842.75 120.00 510.00 0.00 510.00 0.30 1100.00 NA NA 3844.60 Sand N 510.00 0.021


3 4.5 5 4.75 1.75 842.25 120.00 570.00 0.00 570.00 0.30 1100.00 NA NA 3617.89 Sand N 570.00 0.020


3 5 5.5 5.25 2.25 841.75 120.00 630.00 0.00 630.00 0.30 1100.00 NA NA 3401.54 Sand N 630.00 0.019


3 5.5 6 5.75 2.75 841.25 120.00 690.00 0.00 690.00 0.30 1100.00 NA NA 3197.20 Sand N 690.00 0.017


3 6 6.5 6.25 3.25 840.75 120.00 750.00 0.00 750.00 0.30 1100.00 NA NA 3005.86 Sand N 750.00 0.016


3 6.5 7 6.75 3.75 840.25 120.00 810.00 0.00 810.00 0.30 1100.00 NA NA 2827.89 Sand N 810.00 0.015


3 7 7.5 7.25 4.25 839.75 120.00 870.00 0.00 870.00 0.30 1100.00 NA NA 2663.21 Sand N 870.00 0.015


3 7.5 8 7.75 4.75 839.25 120.00 930.00 0.00 930.00 0.30 1100.00 NA NA 2511.37 Sand N 930.00 0.014


3 8 8.5 8.25 5.25 838.75 120.00 990.00 0.00 990.00 0.30 1100.00 NA NA 2371.71 Sand N 990.00 0.013


3 8.5 9 8.75 5.75 838.25 120.00 1050.00 0.00 1050.00 0.30 1100.00 NA NA 2243.43 Sand N 1050.00 0.012


3 9 9.5 9.25 6.25 837.75 120.00 1110.00 0.00 1110.00 0.30 1100.00 NA NA 2125.65 Sand N 1110.00 0.012


3 9.5 10 9.75 6.75 837.25 120.00 1170.00 0.00 1170.00 0.30 1100.00 NA NA 2017.50 Sand N 1170.00 0.011


3 10 10.5 10.25 7.25 836.75 120.00 1230.00 0.00 1230.00 0.30 1100.00 NA NA 1918.13 Sand N 1230.00 0.010


3 10.5 11 10.75 7.75 836.25 120.00 1290.00 0.00 1290.00 0.30 1100.00 NA NA 1826.72 Sand N 1290.00 0.010


3 11 11.5 11.25 8.25 835.75 120.00 1350.00 0.00 1350.00 0.30 1100.00 NA NA 1742.53 Sand N 1350.00 0.010


3 11.5 12 11.75 8.75 835.25 120.00 1410.00 0.00 1410.00 0.30 1100.00 NA NA 1664.87 Sand N 1410.00 0.009


3 12 12.5 12.25 9.25 834.75 120.00 1470.00 0.00 1470.00 0.30 1100.00 NA NA 1593.10 Sand N 1470.00 0.009


3 12.5 13 12.75 9.75 834.25 120.00 1530.00 0.00 1530.00 0.30 1100.00 NA NA 1526.67 Sand N 1530.00 0.008


3 13 13.5 13.25 10.25 833.75 120.00 1590.00 0.00 1590.00 0.30 1100.00 NA NA 1465.07 Sand N 1590.00 0.008


3 13.5 14 13.75 10.75 833.25 120.00 1650.00 0.00 1650.00 0.30 1100.00 NA NA 1407.84 Sand N 1650.00 0.008


3 14 14.5 14.25 11.25 832.75 120.00 1710.00 0.00 1710.00 0.30 1100.00 NA NA 1354.58 Sand N 1710.00 0.007


3 14.5 15 14.75 11.75 832.25 120.00 1770.00 0.00 1770.00 0.30 1100.00 NA NA 1304.91 Sand N 1770.00 0.007


3 15 15.5 15.25 12.25 831.75 120.00 1830.00 0.00 1830.00 0.30 1100.00 NA NA 1258.52 Sand N 1830.00 0.007


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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2.371


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 380 psf
Phi: 33 °


RW 267
Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 100 psf
Phi: 34 °


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 267 @ Station 280+00
Static Analysis


Surcharge Load = 240 psf


Wall Height = 10 ft
Width of the Wall = 6.25 ft


Offset (feet)
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1.948


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 380 psf
Phi: 33 °


RW 267
Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 100 psf
Phi: 34 °


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 267 @ Station 280+00
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 10 ft
Width of the Wall = 6.25 ft


Offset (feet)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 280 - Level ground


Width of the Wall is 6.25 ft


Date: 5/1/2008


Input Parameters (from Input-Output Sheet)


c cohesion 370 psf 17.715696 kPa


φ friction angle 33 degrees 33 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 6.25 feet 1.90 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 26.09


Nc 38.64


Nγ 35.19


Shape Factors


Fcs 1.04


Fqs 1.04


Fγs 0.98


Depth Factors


Fcd 1.19


Fqd 1.13


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 41.6 ksf 1991 kPa


qall 13.9 ksf 664 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 280


Width of the Foundation is 6.25 ft


Date: 5/1/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100.2 ft 1 0 3 3 120 0.3 NA NA 1400 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 12 9 120 0.3 NA NA 1400 Sand N NA


Depth Interval 0.5 ft 3 12 20 8 120 0.3 NA NA 1500 Clay N NA


Footing Length 797 ft


Footing Width 6.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 398.5 ft


Calculation Point offset Along Width 3.125 ft


Ground Surface Elevation 850 ft MSL


Foundation Pressure 13900 psf


Net Foundation Pressure 13540 psf Total Layer Thickness 20 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.77


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 849.75 120.00 30.00 0.00 30.00 0.30 1400.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 849.25 120.00 90.00 0.00 90.00 0.30 1400.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 848.75 120.00 150.00 0.00 150.00 0.30 1400.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 848.25 120.00 210.00 0.00 210.00 0.30 1400.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 847.75 120.00 270.00 0.00 270.00 0.30 1400.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 847.25 120.00 330.00 0.00 330.00 0.30 1400.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 846.75 120.00 390.00 0.00 390.00 0.30 1400.00 NA NA 13171.61 Sand N 390.00 0.056


2 3.5 4 3.75 0.75 846.25 120.00 450.00 0.00 450.00 0.30 1400.00 NA NA 12440.17 Sand N 450.00 0.053


2 4 4.5 4.25 1.25 845.75 120.00 510.00 0.00 510.00 0.30 1400.00 NA NA 11724.28 Sand N 510.00 0.050


2 4.5 5 4.75 1.75 845.25 120.00 570.00 0.00 570.00 0.30 1400.00 NA NA 11032.89 Sand N 570.00 0.047


2 5 5.5 5.25 2.25 844.75 120.00 630.00 0.00 630.00 0.30 1400.00 NA NA 10373.11 Sand N 630.00 0.044


2 5.5 6 5.75 2.75 844.25 120.00 690.00 0.00 690.00 0.30 1400.00 NA NA 9749.98 Sand N 690.00 0.042


2 6 6.5 6.25 3.25 843.75 120.00 750.00 0.00 750.00 0.30 1400.00 NA NA 9166.46 Sand N 750.00 0.039


2 6.5 7 6.75 3.75 843.25 120.00 810.00 0.00 810.00 0.30 1400.00 NA NA 8623.73 Sand N 810.00 0.037


2 7 7.5 7.25 4.25 842.75 120.00 870.00 0.00 870.00 0.30 1400.00 NA NA 8121.51 Sand N 870.00 0.035


2 7.5 8 7.75 4.75 842.25 120.00 930.00 0.00 930.00 0.30 1400.00 NA NA 7658.46 Sand N 930.00 0.033


2 8 8.5 8.25 5.25 841.75 120.00 990.00 0.00 990.00 0.30 1400.00 NA NA 7232.56 Sand N 990.00 0.031


2 8.5 9 8.75 5.75 841.25 120.00 1050.00 0.00 1050.00 0.30 1400.00 NA NA 6841.35 Sand N 1050.00 0.029


2 9 9.5 9.25 6.25 840.75 120.00 1110.00 0.00 1110.00 0.30 1400.00 NA NA 6482.18 Sand N 1110.00 0.028


2 9.5 10 9.75 6.75 840.25 120.00 1170.00 0.00 1170.00 0.30 1400.00 NA NA 6152.37 Sand N 1170.00 0.026


2 10 10.5 10.25 7.25 839.75 120.00 1230.00 0.00 1230.00 0.30 1400.00 NA NA 5849.31 Sand N 1230.00 0.025


2 10.5 11 10.75 7.75 839.25 120.00 1290.00 0.00 1290.00 0.30 1400.00 NA NA 5570.56 Sand N 1290.00 0.024


2 11 11.5 11.25 8.25 838.75 120.00 1350.00 0.00 1350.00 0.30 1400.00 NA NA 5313.80 Sand N 1350.00 0.023


2 11.5 12 11.75 8.75 838.25 120.00 1410.00 0.00 1410.00 0.30 1400.00 NA NA 5076.95 Sand N 1410.00 0.022


3 12 12.5 12.25 9.25 837.75 120.00 1470.00 0.00 1470.00 0.30 1500.00 NA NA 4858.09 Clay N 1470.00 0.019


3 12.5 13 12.75 9.75 837.25 120.00 1530.00 0.00 1530.00 0.30 1500.00 NA NA 4655.50 Clay N 1530.00 0.019


3 13 13.5 13.25 10.25 836.75 120.00 1590.00 0.00 1590.00 0.30 1500.00 NA NA 4467.64 Clay N 1590.00 0.018


3 13.5 14 13.75 10.75 836.25 120.00 1650.00 0.00 1650.00 0.30 1500.00 NA NA 4293.10 Clay N 1650.00 0.017


3 14 14.5 14.25 11.25 835.75 120.00 1710.00 0.00 1710.00 0.30 1500.00 NA NA 4130.66 Clay N 1710.00 0.017


3 14.5 15 14.75 11.75 835.25 120.00 1770.00 0.00 1770.00 0.30 1500.00 NA NA 3979.20 Clay N 1770.00 0.016


3 15 15.5 15.25 12.25 834.75 120.00 1830.00 0.00 1830.00 0.30 1500.00 NA NA 3837.72 Clay N 1830.00 0.015


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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Slope Stability Analysis


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 280 @ Station 281+00


Static Analysis


Wall Height = 10 ft


Width of the Wall = 6.25 ft


RW 280 


Name: Alluvium 1 


Unit Weight: 120 pcf


Cohesion: 370 psf


Phi: 33 °


Offset (ft)
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3.300


Slope Stability Analysis


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 280 @ Station 281+00


Pseudo Static Analysis


kh = 0.147


Wall Height = 10 ft


Width of the Wall = 6.25 ft


RW 280 


Name: Alluvium 1 


Unit Weight: 120 pcf


Cohesion: 370 psf


Phi: 33 °


Offset (ft)
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by SP Date 05/28/08
Project No. : 30989802 Checked by Date 05/28/08
Wall No.: RW 280


β = 18.4 deg


1


3


φ = 34 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,


 


0.33


2.74


0.58


Equivalent Fluid Pressure, EFP = K γ


0.33x18.84


= 6.2 kPa/m


= 39.4 psf/ft


2.74x18.84


= 51.69 kPa/m


= 329.2 psf/ft


0.58X18.84


= 10.9 kPa/m


= 69.6 psf/ft


Active EFP = Ka γ = 


Passive EFP = Kp γ = 


At-rest EFP = Ko γ = 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 281 - Level Ground


Width of the Wall is 18 ft


Date: 4/29/2008


Input Parameters (from Input-Output Sheet)


c cohesion 380 psf 18.194498 kPa


φ friction angle 33 degrees 33 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 18 feet 5.49 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 2 feet 0.61 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 26.09


Nc 38.64


Nγ 35.19


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.04


Fqd 1.03


Fγd 1.00


Effects of Water Table


q 240.00 psf 11.5 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 59.7 ksf 2856 kPa


qall 19.9 ksf 952 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 281


Width of the Foundation is 18 ft


Date: 4/29/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 122 ft 1 0 2 2 120 0.3 NA NA 1100 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 2 38 36 120 0.3 NA NA 1100 Sand N NA


Depth Interval 0.5 ft


Footing Length 1000 ft


Footing Width 18 ft


Footing Depth of Embedment 2 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 9 ft


Ground Surface Elevation 842 ft MSL


Foundation Pressure 7000 psf


Net Foundation Pressure 6760 psf Total Layer Thickness 38 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.42


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 841.75 120.00 30.00 0.00 30.00 0.30 1100.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 841.25 120.00 90.00 0.00 90.00 0.30 1100.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 840.75 120.00 150.00 0.00 150.00 0.30 1100.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 840.25 120.00 210.00 0.00 210.00 0.30 1100.00 NA NA 0.00 Sand N 210.00 0.000


2 2 2.5 2.25 0.25 839.75 120.00 270.00 0.00 270.00 0.30 1100.00 NA NA 6696.10 Sand N 270.00 0.037


2 2.5 3 2.75 0.75 839.25 120.00 330.00 0.00 330.00 0.30 1100.00 NA NA 6568.40 Sand N 330.00 0.036


2 3 3.5 3.25 1.25 838.75 120.00 390.00 0.00 390.00 0.30 1100.00 NA NA 6441.04 Sand N 390.00 0.035


2 3.5 4 3.75 1.75 838.25 120.00 450.00 0.00 450.00 0.30 1100.00 NA NA 6314.24 Sand N 450.00 0.034


2 4 4.5 4.25 2.25 837.75 120.00 510.00 0.00 510.00 0.30 1100.00 NA NA 6188.21 Sand N 510.00 0.034


2 4.5 5 4.75 2.75 837.25 120.00 570.00 0.00 570.00 0.30 1100.00 NA NA 6063.15 Sand N 570.00 0.033


2 5 5.5 5.25 3.25 836.75 120.00 630.00 0.00 630.00 0.30 1100.00 NA NA 5939.28 Sand N 630.00 0.032


2 5.5 6 5.75 3.75 836.25 120.00 690.00 0.00 690.00 0.30 1100.00 NA NA 5816.76 Sand N 690.00 0.032


2 6 6.5 6.25 4.25 835.75 120.00 750.00 0.00 750.00 0.30 1100.00 NA NA 5695.78 Sand N 750.00 0.031


2 6.5 7 6.75 4.75 835.25 120.00 810.00 0.00 810.00 0.30 1100.00 NA NA 5576.48 Sand N 810.00 0.030


2 7 7.5 7.25 5.25 834.75 120.00 870.00 0.00 870.00 0.30 1100.00 NA NA 5459.03 Sand N 870.00 0.030


2 7.5 8 7.75 5.75 834.25 120.00 930.00 0.00 930.00 0.30 1100.00 NA NA 5343.54 Sand N 930.00 0.029


2 8 8.5 8.25 6.25 833.75 120.00 990.00 0.00 990.00 0.30 1100.00 NA NA 5230.12 Sand N 990.00 0.029


2 8.5 9 8.75 6.75 833.25 120.00 1050.00 0.00 1050.00 0.30 1100.00 NA NA 5118.88 Sand N 1050.00 0.028


2 9 9.5 9.25 7.25 832.75 120.00 1110.00 0.00 1110.00 0.30 1100.00 NA NA 5009.90 Sand N 1110.00 0.027


2 9.5 10 9.75 7.75 832.25 120.00 1170.00 0.00 1170.00 0.30 1100.00 NA NA 4903.25 Sand N 1170.00 0.027


2 10 10.5 10.25 8.25 831.75 120.00 1230.00 0.00 1230.00 0.30 1100.00 NA NA 4798.97 Sand N 1230.00 0.026


2 10.5 11 10.75 8.75 831.25 120.00 1290.00 0.00 1290.00 0.30 1100.00 NA NA 4697.10 Sand N 1290.00 0.026


2 11 11.5 11.25 9.25 830.75 120.00 1350.00 0.00 1350.00 0.30 1100.00 NA NA 4597.69 Sand N 1350.00 0.025


2 11.5 12 11.75 9.75 830.25 120.00 1410.00 0.00 1410.00 0.30 1100.00 NA NA 4500.73 Sand N 1410.00 0.025


2 12 12.5 12.25 10.25 829.75 120.00 1470.00 0.00 1470.00 0.30 1100.00 NA NA 4406.24 Sand N 1470.00 0.024


2 12.5 13 12.75 10.75 829.25 120.00 1530.00 0.00 1530.00 0.30 1100.00 NA NA 4314.20 Sand N 1530.00 0.024


2 13 13.5 13.25 11.25 828.75 120.00 1590.00 0.00 1590.00 0.30 1100.00 NA NA 4224.61 Sand N 1590.00 0.023


2 13.5 14 13.75 11.75 828.25 120.00 1650.00 0.00 1650.00 0.30 1100.00 NA NA 4137.44 Sand N 1650.00 0.023


2 14 14.5 14.25 12.25 827.75 120.00 1710.00 0.00 1710.00 0.30 1100.00 NA NA 4052.67 Sand N 1710.00 0.022


2 14.5 15 14.75 12.75 827.25 120.00 1770.00 0.00 1770.00 0.30 1100.00 NA NA 3970.26 Sand N 1770.00 0.022


2 15 15.5 15.25 13.25 826.75 120.00 1830.00 0.00 1830.00 0.30 1100.00 NA NA 3890.17 Sand N 1830.00 0.021


2 15.5 16 15.75 13.75 826.25 120.00 1890.00 0.00 1890.00 0.30 1100.00 NA NA 3812.36 Sand N 1890.00 0.021


2 16 16.5 16.25 14.25 825.75 120.00 1950.00 0.00 1950.00 0.30 1100.00 NA NA 3736.78 Sand N 1950.00 0.020


2 16.5 17 16.75 14.75 825.25 120.00 2010.00 0.00 2010.00 0.30 1100.00 NA NA 3663.38 Sand N 2010.00 0.020


2 17 17.5 17.25 15.25 824.75 120.00 2070.00 0.00 2070.00 0.30 1100.00 NA NA 3592.10 Sand N 2070.00 0.020


2 17.5 18 17.75 15.75 824.25 120.00 2130.00 0.00 2130.00 0.30 1100.00 NA NA 3522.91 Sand N 2130.00 0.019


2 18 18.5 18.25 16.25 823.75 120.00 2190.00 0.00 2190.00 0.30 1100.00 NA NA 3455.73 Sand N 2190.00 0.019


2 18.5 19 18.75 16.75 823.25 120.00 2250.00 0.00 2250.00 0.30 1100.00 NA NA 3390.51 Sand N 2250.00 0.018


2 19 19.5 19.25 17.25 822.75 120.00 2310.00 0.00 2310.00 0.30 1100.00 NA NA 3327.21 Sand N 2310.00 0.018


2 19.5 20 19.75 17.75 822.25 120.00 2370.00 0.00 2370.00 0.30 1100.00 NA NA 3265.75 Sand N 2370.00 0.018


2 20 20.5 20.25 18.25 821.75 120.00 2430.00 0.00 2430.00 0.30 1100.00 NA NA 3206.09 Sand N 2430.00 0.017


2 20.5 21 20.75 18.75 821.25 120.00 2490.00 0.00 2490.00 0.30 1100.00 NA NA 3148.16 Sand N 2490.00 0.017


2 21 21.5 21.25 19.25 820.75 120.00 2550.00 0.00 2550.00 0.30 1100.00 NA NA 3091.93 Sand N 2550.00 0.017


2 21.5 22 21.75 19.75 820.25 120.00 2610.00 0.00 2610.00 0.30 1100.00 NA NA 3037.32 Sand N 2610.00 0.017


2 22 22.5 22.25 20.25 819.75 120.00 2670.00 0.00 2670.00 0.30 1100.00 NA NA 2984.29 Sand N 2670.00 0.016


2 22.5 23 22.75 20.75 819.25 120.00 2730.00 0.00 2730.00 0.30 1100.00 NA NA 2932.78 Sand N 2730.00 0.016


2 23 23.5 23.25 21.25 818.75 120.00 2790.00 0.00 2790.00 0.30 1100.00 NA NA 2882.75 Sand N 2790.00 0.016


2 23.5 24 23.75 21.75 818.25 120.00 2850.00 0.00 2850.00 0.30 1100.00 NA NA 2834.15 Sand N 2850.00 0.015


2 24 24.5 24.25 22.25 817.75 120.00 2910.00 0.00 2910.00 0.30 1100.00 NA NA 2786.92 Sand N 2910.00 0.015


2 24.5 25 24.75 22.75 817.25 120.00 2970.00 0.00 2970.00 0.30 1100.00 NA NA 2741.02 Sand N 2970.00 0.015


2 25 25.5 25.25 23.25 816.75 120.00 3030.00 0.00 3030.00 0.30 1100.00 NA NA 2696.41 Sand N 3030.00 0.015


2 25.5 26 25.75 23.75 816.25 120.00 3090.00 0.00 3090.00 0.30 1100.00 NA NA 2653.04 Sand N 3090.00 0.014


2 26 26.5 26.25 24.25 815.75 120.00 3150.00 0.00 3150.00 0.30 1100.00 NA NA 2610.86 Sand N 3150.00 0.014


2 26.5 27 26.75 24.75 815.25 120.00 3210.00 0.00 3210.00 0.30 1100.00 NA NA 2569.84 Sand N 3210.00 0.014


2 27 27.5 27.25 25.25 814.75 120.00 3270.00 0.00 3270.00 0.30 1100.00 NA NA 2529.94 Sand N 3270.00 0.014


2 27.5 28 27.75 25.75 814.25 120.00 3330.00 0.00 3330.00 0.30 1100.00 NA NA 2491.12 Sand N 3330.00 0.014


2 28 28.5 28.25 26.25 813.75 120.00 3390.00 0.00 3390.00 0.30 1100.00 NA NA 2453.34 Sand N 3390.00 0.013


2 28.5 29 28.75 26.75 813.25 120.00 3450.00 0.00 3450.00 0.30 1100.00 NA NA 2416.56 Sand N 3450.00 0.013


2 29 29.5 29.25 27.25 812.75 120.00 3510.00 0.00 3510.00 0.30 1100.00 NA NA 2380.75 Sand N 3510.00 0.013


2 29.5 30 29.75 27.75 812.25 120.00 3570.00 0.00 3570.00 0.30 1100.00 NA NA 2345.89 Sand N 3570.00 0.013


2 30 30.5 30.25 28.25 811.75 120.00 3630.00 0.00 3630.00 0.30 1100.00 NA NA 2311.92 Sand N 3630.00 0.013


2 30.5 31 30.75 28.75 811.25 120.00 3690.00 0.00 3690.00 0.30 1100.00 NA NA 2278.84 Sand N 3690.00 0.012


2 31 31.5 31.25 29.25 810.75 120.00 3750.00 0.00 3750.00 0.30 1100.00 NA NA 2246.60 Sand N 3750.00 0.012


2 31.5 32 31.75 29.75 810.25 120.00 3810.00 0.00 3810.00 0.30 1100.00 NA NA 2215.17 Sand N 3810.00 0.012


2 32 32.5 32.25 30.25 809.75 120.00 3870.00 0.00 3870.00 0.30 1100.00 NA NA 2184.54 Sand N 3870.00 0.012


2 32.5 33 32.75 30.75 809.25 120.00 3930.00 0.00 3930.00 0.30 1100.00 NA NA 2154.67 Sand N 3930.00 0.012


2 33 33.5 33.25 31.25 808.75 120.00 3990.00 0.00 3990.00 0.30 1100.00 NA NA 2125.53 Sand N 3990.00 0.012


2 33.5 34 33.75 31.75 808.25 120.00 4050.00 0.00 4050.00 0.30 1100.00 NA NA 2097.11 Sand N 4050.00 0.011


2 34 34.5 34.25 32.25 807.75 120.00 4110.00 0.00 4110.00 0.30 1100.00 NA NA 2069.38 Sand N 4110.00 0.011


2 34.5 35 34.75 32.75 807.25 120.00 4170.00 0.00 4170.00 0.30 1100.00 NA NA 2042.32 Sand N 4170.00 0.011


2 35 35.5 35.25 33.25 806.75 120.00 4230.00 0.00 4230.00 0.30 1100.00 NA NA 2015.90 Sand N 4230.00 0.011


2 35.5 36 35.75 33.75 806.25 120.00 4290.00 0.00 4290.00 0.30 1100.00 NA NA 1990.10 Sand N 4290.00 0.011


2 36 36.5 36.25 34.25 805.75 120.00 4350.00 0.00 4350.00 0.30 1100.00 NA NA 1964.91 Sand N 4350.00 0.011


2 36.5 37 36.75 34.75 805.25 120.00 4410.00 0.00 4410.00 0.30 1100.00 NA NA 1940.31 Sand N 4410.00 0.011


2 37 37.5 37.25 35.25 804.75 120.00 4470.00 0.00 4470.00 0.30 1100.00 NA NA 1916.27 Sand N 4470.00 0.010


2 37.5 38 37.75 35.75 804.25 120.00 4530.00 0.00 4530.00 0.30 1100.00 NA NA 1892.78 Sand N 4530.00 0.010


Estimated Settlement 1.42


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 281\Calculations\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW281 (width=18ft) (Elastic Modulus and 1D 


Consolid) 1 of 1







2.160


Slope Stability Analysis
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 281 @ Station 284+50
Static Analysis


Wall Height 26 ft


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 380 psf


Phi: 33 °


Surcharge Load = 240 psf


RW 281*


Note: RW 281 is only showing the location of the wall not the actual dimension. Actual dimension may vary


Offset (ft)
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1.823


Slope Stability Analysis
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 281 @ Station 284+50
Pseudo Static Analysis


kh = 0.147


Wall Height 26 ft


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 380 psf


Phi: 33 °


Surcharge Load = 240 psf


RW 281*


Note: RW 281 is only showing the location of the wall not the actual dimension. Actual dimension may vary


Offset (ft)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 286 - Level ground


Width of the Wall is 4.25 ft


Date: 4/30/2008


Input Parameters (from Input-Output Sheet)


c cohesion 210 psf 10.054854 kPa


φ friction angle 30 degrees 30 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 4.25 feet 1.30 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 18.40


Nc 30.14


Nγ 22.40


Shape Factors


Fcs 1.03


Fqs 1.02


Fγs 0.98


Depth Factors


Fcd 1.28


Fqd 1.20


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 22.1 ksf 1057 kPa


qall 7.4 ksf 352 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 286


Width of the Foundation is 4.25 ft


Date: 4/30/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 105 ft 1 0 3 3 120 0.3 NA NA 800 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 45 42 120 0.3 NA NA 800 Sand N NA


Depth Interval 0.5 ft


Footing Length 423 ft


Footing Width 4.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 211.5 ft


Calculation Point offset Along Width 2.125 ft


Ground Surface Elevation 855 ft MSL


Foundation Pressure 7400 psf


Net Foundation Pressure 7040 psf Total Layer Thickness 45 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.48


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 854.75 120.00 30.00 0.00 30.00 0.30 800.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 854.25 120.00 90.00 0.00 90.00 0.30 800.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 853.75 120.00 150.00 0.00 150.00 0.30 800.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 853.25 120.00 210.00 0.00 210.00 0.30 800.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 852.75 120.00 270.00 0.00 270.00 0.30 800.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 852.25 120.00 330.00 0.00 330.00 0.30 800.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 851.75 120.00 390.00 0.00 390.00 0.30 800.00 NA NA 6758.52 Sand N 390.00 0.051


2 3.5 4 3.75 0.75 851.25 120.00 450.00 0.00 450.00 0.30 800.00 NA NA 6204.26 Sand N 450.00 0.047


2 4 4.5 4.25 1.25 850.75 120.00 510.00 0.00 510.00 0.30 800.00 NA NA 5674.60 Sand N 510.00 0.043


2 4.5 5 4.75 1.75 850.25 120.00 570.00 0.00 570.00 0.30 800.00 NA NA 5181.43 Sand N 570.00 0.039


2 5 5.5 5.25 2.25 849.75 120.00 630.00 0.00 630.00 0.30 800.00 NA NA 4731.66 Sand N 630.00 0.035


2 5.5 6 5.75 2.75 849.25 120.00 690.00 0.00 690.00 0.30 800.00 NA NA 4327.65 Sand N 690.00 0.032


2 6 6.5 6.25 3.25 848.75 120.00 750.00 0.00 750.00 0.30 800.00 NA NA 3968.33 Sand N 750.00 0.030


2 6.5 7 6.75 3.75 848.25 120.00 810.00 0.00 810.00 0.30 800.00 NA NA 3650.58 Sand N 810.00 0.027


2 7 7.5 7.25 4.25 847.75 120.00 870.00 0.00 870.00 0.30 800.00 NA NA 3370.25 Sand N 870.00 0.025


2 7.5 8 7.75 4.75 847.25 120.00 930.00 0.00 930.00 0.30 800.00 NA NA 3122.96 Sand N 930.00 0.023


2 8 8.5 8.25 5.25 846.75 120.00 990.00 0.00 990.00 0.30 800.00 NA NA 2904.44 Sand N 990.00 0.022


2 8.5 9 8.75 5.75 846.25 120.00 1050.00 0.00 1050.00 0.30 800.00 NA NA 2710.83 Sand N 1050.00 0.020


2 9 9.5 9.25 6.25 845.75 120.00 1110.00 0.00 1110.00 0.30 800.00 NA NA 2538.71 Sand N 1110.00 0.019


2 9.5 10 9.75 6.75 845.25 120.00 1170.00 0.00 1170.00 0.30 800.00 NA NA 2385.13 Sand N 1170.00 0.018


2 10 10.5 10.25 7.25 844.75 120.00 1230.00 0.00 1230.00 0.30 800.00 NA NA 2247.54 Sand N 1230.00 0.017


2 10.5 11 10.75 7.75 844.25 120.00 1290.00 0.00 1290.00 0.30 800.00 NA NA 2123.80 Sand N 1290.00 0.016


2 11 11.5 11.25 8.25 843.75 120.00 1350.00 0.00 1350.00 0.30 800.00 NA NA 2012.07 Sand N 1350.00 0.015


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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4.784


Slope Stability Analysis
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 286 @ Station 288+00
Static Analysis


Wall Height = 6 ft
Width of the Wall = 4.25 ft


Surcharge Load = 240 psf


RW 286


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 210 psf


Phi: 30 °


Offset (ft)
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3.337


Slope Stability Analysis
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 286 @ Station 288+00
Pseudo Static Analysis
kh = 0.147


Wall Height = 6 ft
Width of the Wall = 4.25 ft


Surcharge Load = 240 psf


RW 286


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 210 psf


Phi: 30 °


Offset (ft)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 287


Width of the Wall is 14.25 ft


Date: 3/12/2008


Input Parameters (from Input-Output Sheet)


c cohesion 100 psf 4.7880259 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 14.25 feet 4.34 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.10


Fqs 1.10


Fγs 0.94


Depth Factors


Fcd 1.08


Fqd 1.06


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 50.3 ksf 2408 kPa


qall 16.8 ksf 803 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 287


Width of the Foundation is 14.25 ft


Date: 3/12/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 700 ft 1 0 3 3 120 0.3 NA NA 800 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 17 14 120 0.3 NA NA 800 Sand N NA


Depth Interval 0.5 ft 3 17 31.5 14.5 120 0.3 NA NA 1500 Clay N NA


Footing Length 100 ft


Footing Width 14.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 7.125 ft


Ground Surface Elevation 860 ft MSL


Foundation Pressure 7500 psf


Net Foundation Pressure 7140 psf Total Layer Thickness 31.5 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.35


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 859.75 120.00 30.00 0.00 30.00 0.30 800.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 859.25 120.00 90.00 0.00 90.00 0.30 800.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 858.75 120.00 150.00 0.00 150.00 0.30 800.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 858.25 120.00 210.00 0.00 210.00 0.30 800.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 857.75 120.00 270.00 0.00 270.00 0.30 800.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 857.25 120.00 330.00 0.00 330.00 0.30 800.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 856.75 120.00 390.00 0.00 390.00 0.30 800.00 NA NA 7053.90 Sand N 390.00 0.053


2 3.5 4 3.75 0.75 856.25 120.00 450.00 0.00 450.00 0.30 800.00 NA NA 6881.93 Sand N 450.00 0.052


2 4 4.5 4.25 1.25 855.75 120.00 510.00 0.00 510.00 0.30 800.00 NA NA 6710.68 Sand N 510.00 0.050


2 4.5 5 4.75 1.75 855.25 120.00 570.00 0.00 570.00 0.30 800.00 NA NA 6540.61 Sand N 570.00 0.049


2 5 5.5 5.25 2.25 854.75 120.00 630.00 0.00 630.00 0.30 800.00 NA NA 6372.16 Sand N 630.00 0.048


2 5.5 6 5.75 2.75 854.25 120.00 690.00 0.00 690.00 0.30 800.00 NA NA 6205.75 Sand N 690.00 0.047


2 6 6.5 6.25 3.25 853.75 120.00 750.00 0.00 750.00 0.30 800.00 NA NA 6041.76 Sand N 750.00 0.045


2 6.5 7 6.75 3.75 853.25 120.00 810.00 0.00 810.00 0.30 800.00 NA NA 5880.55 Sand N 810.00 0.044


2 7 7.5 7.25 4.25 852.75 120.00 870.00 0.00 870.00 0.30 800.00 NA NA 5722.43 Sand N 870.00 0.043


2 7.5 8 7.75 4.75 852.25 120.00 930.00 0.00 930.00 0.30 800.00 NA NA 5567.67 Sand N 930.00 0.042


2 8 8.5 8.25 5.25 851.75 120.00 990.00 0.00 990.00 0.30 800.00 NA NA 5416.49 Sand N 990.00 0.041


2 8.5 9 8.75 5.75 851.25 120.00 1050.00 0.00 1050.00 0.30 800.00 NA NA 5269.09 Sand N 1050.00 0.040


2 9 9.5 9.25 6.25 850.75 120.00 1110.00 0.00 1110.00 0.30 800.00 NA NA 5125.62 Sand N 1110.00 0.038


2 9.5 10 9.75 6.75 850.25 120.00 1170.00 0.00 1170.00 0.30 800.00 NA NA 4986.17 Sand N 1170.00 0.037


2 10 10.5 10.25 7.25 849.75 120.00 1230.00 0.00 1230.00 0.30 800.00 NA NA 4850.82 Sand N 1230.00 0.036


2 10.5 11 10.75 7.75 849.25 120.00 1290.00 0.00 1290.00 0.30 800.00 NA NA 4719.62 Sand N 1290.00 0.035


2 11 11.5 11.25 8.25 848.75 120.00 1350.00 0.00 1350.00 0.30 800.00 NA NA 4592.58 Sand N 1350.00 0.034


2 11.5 12 11.75 8.75 848.25 120.00 1410.00 0.00 1410.00 0.30 800.00 NA NA 4469.67 Sand N 1410.00 0.034


2 12 12.5 12.25 9.25 847.75 120.00 1470.00 0.00 1470.00 0.30 800.00 NA NA 4350.87 Sand N 1470.00 0.033


2 12.5 13 12.75 9.75 847.25 120.00 1530.00 0.00 1530.00 0.30 800.00 NA NA 4236.11 Sand N 1530.00 0.032


2 13 13.5 13.25 10.25 846.75 120.00 1590.00 0.00 1590.00 0.30 800.00 NA NA 4125.33 Sand N 1590.00 0.031


2 13.5 14 13.75 10.75 846.25 120.00 1650.00 0.00 1650.00 0.30 800.00 NA NA 4018.43 Sand N 1650.00 0.030


2 14 14.5 14.25 11.25 845.75 120.00 1710.00 0.00 1710.00 0.30 800.00 NA NA 3915.33 Sand N 1710.00 0.029


2 14.5 15 14.75 11.75 845.25 120.00 1770.00 0.00 1770.00 0.30 800.00 NA NA 3815.91 Sand N 1770.00 0.029


2 15 15.5 15.25 12.25 844.75 120.00 1830.00 0.00 1830.00 0.30 800.00 NA NA 3720.07 Sand N 1830.00 0.028


2 15.5 16 15.75 12.75 844.25 120.00 1890.00 0.00 1890.00 0.30 800.00 NA NA 3627.69 Sand N 1890.00 0.027


2 16 16.5 16.25 13.25 843.75 120.00 1950.00 0.00 1950.00 0.30 800.00 NA NA 3538.65 Sand N 1950.00 0.027


2 16.5 17 16.75 13.75 843.25 120.00 2010.00 0.00 2010.00 0.30 800.00 NA NA 3452.83 Sand N 2010.00 0.026


3 17 17.5 17.25 14.25 842.75 120.00 2070.00 0.00 2070.00 0.30 1500.00 NA NA 3370.12 Clay N 2070.00 0.013


3 17.5 18 17.75 14.75 842.25 120.00 2130.00 0.00 2130.00 0.30 1500.00 NA NA 3290.38 Clay N 2130.00 0.013


3 18 18.5 18.25 15.25 841.75 120.00 2190.00 0.00 2190.00 0.30 1500.00 NA NA 3213.52 Clay N 2190.00 0.013


3 18.5 19 18.75 15.75 841.25 120.00 2250.00 0.00 2250.00 0.30 1500.00 NA NA 3139.41 Clay N 2250.00 0.013


3 19 19.5 19.25 16.25 840.75 120.00 2310.00 0.00 2310.00 0.30 1500.00 NA NA 3067.93 Clay N 2310.00 0.012


3 19.5 20 19.75 16.75 840.25 120.00 2370.00 0.00 2370.00 0.30 1500.00 NA NA 2998.99 Clay N 2370.00 0.012


3 20 20.5 20.25 17.25 839.75 120.00 2430.00 0.00 2430.00 0.30 1500.00 NA NA 2932.47 Clay N 2430.00 0.012


3 20.5 21 20.75 17.75 839.25 120.00 2490.00 0.00 2490.00 0.30 1500.00 NA NA 2868.27 Clay N 2490.00 0.011


3 21 21.5 21.25 18.25 838.75 120.00 2550.00 0.00 2550.00 0.30 1500.00 NA NA 2806.29 Clay N 2550.00 0.011


3 21.5 22 21.75 18.75 838.25 120.00 2610.00 0.00 2610.00 0.30 1500.00 NA NA 2746.44 Clay N 2610.00 0.011


3 22 22.5 22.25 19.25 837.75 120.00 2670.00 0.00 2670.00 0.30 1500.00 NA NA 2688.63 Clay N 2670.00 0.011


3 22.5 23 22.75 19.75 837.25 120.00 2730.00 0.00 2730.00 0.30 1500.00 NA NA 2632.76 Clay N 2730.00 0.011


3 23 23.5 23.25 20.25 836.75 120.00 2790.00 0.00 2790.00 0.30 1500.00 NA NA 2578.76 Clay N 2790.00 0.010


3 23.5 24 23.75 20.75 836.25 120.00 2850.00 0.00 2850.00 0.30 1500.00 NA NA 2526.54 Clay N 2850.00 0.010


3 24 24.5 24.25 21.25 835.75 120.00 2910.00 0.00 2910.00 0.30 1500.00 NA NA 2476.03 Clay N 2910.00 0.010


3 24.5 25 24.75 21.75 835.25 120.00 2970.00 0.00 2970.00 0.30 1500.00 NA NA 2427.15 Clay N 2970.00 0.010


3 25 25.5 25.25 22.25 834.75 120.00 3030.00 0.00 3030.00 0.30 1500.00 NA NA 2379.84 Clay N 3030.00 0.010


3 25.5 26 25.75 22.75 834.25 120.00 3090.00 0.00 3090.00 0.30 1500.00 NA NA 2334.03 Clay N 3090.00 0.009


3 26 26.5 26.25 23.25 833.75 120.00 3150.00 0.00 3150.00 0.30 1500.00 NA NA 2289.65 Clay N 3150.00 0.009


3 26.5 27 26.75 23.75 833.25 120.00 3210.00 0.00 3210.00 0.30 1500.00 NA NA 2246.64 Clay N 3210.00 0.009


3 27 27.5 27.25 24.25 832.75 120.00 3270.00 0.00 3270.00 0.30 1500.00 NA NA 2204.95 Clay N 3270.00 0.009


3 27.5 28 27.75 24.75 832.25 120.00 3330.00 0.00 3330.00 0.30 1500.00 NA NA 2164.53 Clay N 3330.00 0.009


3 28 28.5 28.25 25.25 831.75 120.00 3390.00 0.00 3390.00 0.30 1500.00 NA NA 2125.31 Clay N 3390.00 0.009


3 28.5 29 28.75 25.75 831.25 120.00 3450.00 0.00 3450.00 0.30 1500.00 NA NA 2087.26 Clay N 3450.00 0.008


3 29 29.5 29.25 26.25 830.75 120.00 3510.00 0.00 3510.00 0.30 1500.00 NA NA 2050.31 Clay N 3510.00 0.008


3 29.5 30 29.75 26.75 830.25 120.00 3570.00 0.00 3570.00 0.30 1500.00 NA NA 2014.44 Clay N 3570.00 0.008


3 30 30.5 30.25 27.25 829.75 120.00 3630.00 0.00 3630.00 0.30 1500.00 NA NA 1979.59 Clay N 3630.00 0.008


3 30.5 31 30.75 27.75 829.25 120.00 3690.00 0.00 3690.00 0.30 1500.00 NA NA 1945.72 Clay N 3690.00 0.008


3 31 31.5 31.25 28.25 828.75 120.00 3750.00 0.00 3750.00 0.30 1500.00 NA NA 1912.80 Clay N 3750.00 0.008


Estimated Settlement 1.35


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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2.034


Name: Alluvium1 


Unit Weight: 120 pcf


Cohesion: 360 psf


Phi: 29 °


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 287 @ Station 287+30


Static Analysis


Surcharge Load = 240 psf


Wall Height = 26 ft


Width of the Wall = 14.25 ft


Distance (feet)
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1.694


Name: Alluvium1 


Unit Weight: 120 pcf


Cohesion: 360 psf


Phi: 29 °


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 287 @ Station 287+30


Pseudo Static Analysis


kh=0.147


Surcharge Load = 240 psf


Wall Height = 26 ft


Width of the Wall = 14.25 ft


Distance (feet)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 288


Width of the Wall is 15.25 ft


Date: 3/6/2008


Input Parameters (from Input-Output Sheet)


c cohesion 245 psf 11.730663 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 15.25 feet 4.65 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.11


Fqs 1.10


Fγs 0.94


Depth Factors


Fcd 1.08


Fqd 1.05


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 59.8 ksf 2862 kPa


qall 19.9 ksf 954 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 288


Width of the Foundation is 15.25 ft


Date: 3/6/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 716 ft 1 0 3 3 120 0.3 0.023 0.0023 1000 Clay O NA


Unit Weight of Water 62.4 lb/ft3 2 3 22 19 120 0.3 0.023 0.0023 1000 Clay O NA


Depth Interval 0.5 ft 3 22 34 12 120 0.3 0.028 0.0028 1000 Sand N NA


Footing Length 100 ft


Footing Width 15.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 7.625 ft


Ground Surface Elevation 876 ft MSL


Foundation Pressure 8000 psf


Net Foundation Pressure 7640 psf Total Layer Thickness 34 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.46


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 875.75 120.00 30.00 0.00 30.00 0.30 1000.00 0.023 0.0023 0.00 Clay O NA 0.000


1 0.5 1 0.75 0 875.25 120.00 90.00 0.00 90.00 0.30 1000.00 0.023 0.0023 0.00 Clay O NA 0.000


1 1 1.5 1.25 0 874.75 120.00 150.00 0.00 150.00 0.30 1000.00 0.023 0.0023 0.00 Clay O NA 0.000


1 1.5 2 1.75 0 874.25 120.00 210.00 0.00 210.00 0.30 1000.00 0.023 0.0023 0.00 Clay O NA 0.000


1 2 2.5 2.25 0 873.75 120.00 270.00 0.00 270.00 0.30 1000.00 0.023 0.0023 0.00 Clay O NA 0.000


1 2.5 3 2.75 0 873.25 120.00 330.00 0.00 330.00 0.30 1000.00 0.023 0.0023 0.00 Clay O NA 0.000


2 3 3.5 3.25 0.25 872.75 120.00 390.00 0.00 390.00 0.30 1000.00 0.023 0.0023 7553.78 Clay O NA 0.045


2 3.5 4 3.75 0.75 872.25 120.00 450.00 0.00 450.00 0.30 1000.00 0.023 0.0023 7381.56 Clay O NA 0.044


2 4 4.5 4.25 1.25 871.75 120.00 510.00 0.00 510.00 0.30 1000.00 0.023 0.0023 7209.96 Clay O NA 0.043


2 4.5 5 4.75 1.75 871.25 120.00 570.00 0.00 570.00 0.30 1000.00 0.023 0.0023 7039.40 Clay O NA 0.042


2 5 5.5 5.25 2.25 870.75 120.00 630.00 0.00 630.00 0.30 1000.00 0.023 0.0023 6870.25 Clay O NA 0.041


2 5.5 6 5.75 2.75 870.25 120.00 690.00 0.00 690.00 0.30 1000.00 0.023 0.0023 6702.90 Clay O NA 0.040


2 6 6.5 6.25 3.25 869.75 120.00 750.00 0.00 750.00 0.30 1000.00 0.023 0.0023 6537.69 Clay O NA 0.039


2 6.5 7 6.75 3.75 869.25 120.00 810.00 0.00 810.00 0.30 1000.00 0.023 0.0023 6374.94 Clay O NA 0.038


2 7 7.5 7.25 4.25 868.75 120.00 870.00 0.00 870.00 0.30 1000.00 0.023 0.0023 6214.93 Clay O NA 0.037


2 7.5 8 7.75 4.75 868.25 120.00 930.00 0.00 930.00 0.30 1000.00 0.023 0.0023 6057.93 Clay O NA 0.036


2 8 8.5 8.25 5.25 867.75 120.00 990.00 0.00 990.00 0.30 1000.00 0.023 0.0023 5904.15 Clay O NA 0.035


2 8.5 9 8.75 5.75 867.25 120.00 1050.00 0.00 1050.00 0.30 1000.00 0.023 0.0023 5753.79 Clay O NA 0.035


2 9 9.5 9.25 6.25 866.75 120.00 1110.00 0.00 1110.00 0.30 1000.00 0.023 0.0023 5606.99 Clay O NA 0.034


2 9.5 10 9.75 6.75 866.25 120.00 1170.00 0.00 1170.00 0.30 1000.00 0.023 0.0023 5463.87 Clay O NA 0.033


2 10 10.5 10.25 7.25 865.75 120.00 1230.00 0.00 1230.00 0.30 1000.00 0.023 0.0023 5324.54 Clay O NA 0.032


2 10.5 11 10.75 7.75 865.25 120.00 1290.00 0.00 1290.00 0.30 1000.00 0.023 0.0023 5189.03 Clay O NA 0.031


2 11 11.5 11.25 8.25 864.75 120.00 1350.00 0.00 1350.00 0.30 1000.00 0.023 0.0023 5057.41 Clay O NA 0.030


2 11.5 12 11.75 8.75 864.25 120.00 1410.00 0.00 1410.00 0.30 1000.00 0.023 0.0023 4929.66 Clay O NA 0.030


2 12 12.5 12.25 9.25 863.75 120.00 1470.00 0.00 1470.00 0.30 1000.00 0.023 0.0023 4805.79 Clay O NA 0.029


2 12.5 13 12.75 9.75 863.25 120.00 1530.00 0.00 1530.00 0.30 1000.00 0.023 0.0023 4685.76 Clay O NA 0.028


2 13 13.5 13.25 10.25 862.75 120.00 1590.00 0.00 1590.00 0.30 1000.00 0.023 0.0023 4569.53 Clay O NA 0.027


2 13.5 14 13.75 10.75 862.25 120.00 1650.00 0.00 1650.00 0.30 1000.00 0.023 0.0023 4457.04 Clay O NA 0.027


2 14 14.5 14.25 11.25 861.75 120.00 1710.00 0.00 1710.00 0.30 1000.00 0.023 0.0023 4348.22 Clay O NA 0.026


2 14.5 15 14.75 11.75 861.25 120.00 1770.00 0.00 1770.00 0.30 1000.00 0.023 0.0023 4242.98 Clay O NA 0.025


2 15 15.5 15.25 12.25 860.75 120.00 1830.00 0.00 1830.00 0.30 1000.00 0.023 0.0023 4141.24 Clay O NA 0.025


2 15.5 16 15.75 12.75 860.25 120.00 1890.00 0.00 1890.00 0.30 1000.00 0.023 0.0023 4042.91 Clay O NA 0.024


2 16 16.5 16.25 13.25 859.75 120.00 1950.00 0.00 1950.00 0.30 1000.00 0.023 0.0023 3947.89 Clay O NA 0.024


2 16.5 17 16.75 13.75 859.25 120.00 2010.00 0.00 2010.00 0.30 1000.00 0.023 0.0023 3856.07 Clay O NA 0.023


2 17 17.5 17.25 14.25 858.75 120.00 2070.00 0.00 2070.00 0.30 1000.00 0.023 0.0023 3767.35 Clay O NA 0.023


2 17.5 18 17.75 14.75 858.25 120.00 2130.00 0.00 2130.00 0.30 1000.00 0.023 0.0023 3681.63 Clay O NA 0.022


2 18 18.5 18.25 15.25 857.75 120.00 2190.00 0.00 2190.00 0.30 1000.00 0.023 0.0023 3598.80 Clay O NA 0.022


2 18.5 19 18.75 15.75 857.25 120.00 2250.00 0.00 2250.00 0.30 1000.00 0.023 0.0023 3518.77 Clay O NA 0.021


2 19 19.5 19.25 16.25 856.75 120.00 2310.00 0.00 2310.00 0.30 1000.00 0.023 0.0023 3441.42 Clay O NA 0.021


2 19.5 20 19.75 16.75 856.25 120.00 2370.00 0.00 2370.00 0.30 1000.00 0.023 0.0023 3366.65 Clay O NA 0.020


2 20 20.5 20.25 17.25 855.75 120.00 2430.00 0.00 2430.00 0.30 1000.00 0.023 0.0023 3294.38 Clay O NA 0.020


2 20.5 21 20.75 17.75 855.25 120.00 2490.00 0.00 2490.00 0.30 1000.00 0.023 0.0023 3224.49 Clay O NA 0.019


2 21 21.5 21.25 18.25 854.75 120.00 2550.00 0.00 2550.00 0.30 1000.00 0.023 0.0023 3156.91 Clay O NA 0.019


2 21.5 22 21.75 18.75 854.25 120.00 2610.00 0.00 2610.00 0.30 1000.00 0.023 0.0023 3091.53 Clay O NA 0.019


3 22 22.5 22.25 19.25 853.75 120.00 2670.00 0.00 2670.00 0.30 1000.00 0.028 0.0028 3028.27 Sand N 2670.00 0.018


3 22.5 23 22.75 19.75 853.25 120.00 2730.00 0.00 2730.00 0.30 1000.00 0.028 0.0028 2967.05 Sand N 2730.00 0.018


3 23 23.5 23.25 20.25 852.75 120.00 2790.00 0.00 2790.00 0.30 1000.00 0.028 0.0028 2907.78 Sand N 2790.00 0.017


3 23.5 24 23.75 20.75 852.25 120.00 2850.00 0.00 2850.00 0.30 1000.00 0.028 0.0028 2850.39 Sand N 2850.00 0.017


3 24 24.5 24.25 21.25 851.75 120.00 2910.00 0.00 2910.00 0.30 1000.00 0.028 0.0028 2794.79 Sand N 2910.00 0.017


3 24.5 25 24.75 21.75 851.25 120.00 2970.00 0.00 2970.00 0.30 1000.00 0.028 0.0028 2740.93 Sand N 2970.00 0.016


3 25 25.5 25.25 22.25 850.75 120.00 3030.00 0.00 3030.00 0.30 1000.00 0.028 0.0028 2688.72 Sand N 3030.00 0.016


3 25.5 26 25.75 22.75 850.25 120.00 3090.00 0.00 3090.00 0.30 1000.00 0.028 0.0028 2638.10 Sand N 3090.00 0.016


3 26 26.5 26.25 23.25 849.75 120.00 3150.00 0.00 3150.00 0.30 1000.00 0.028 0.0028 2589.02 Sand N 3150.00 0.016


3 26.5 27 26.75 23.75 849.25 120.00 3210.00 0.00 3210.00 0.30 1000.00 0.028 0.0028 2541.39 Sand N 3210.00 0.015


3 27 27.5 27.25 24.25 848.75 120.00 3270.00 0.00 3270.00 0.30 1000.00 0.028 0.0028 2495.18 Sand N 3270.00 0.015


3 27.5 28 27.75 24.75 848.25 120.00 3330.00 0.00 3330.00 0.30 1000.00 0.028 0.0028 2450.32 Sand N 3330.00 0.015


3 28 28.5 28.25 25.25 847.75 120.00 3390.00 0.00 3390.00 0.30 1000.00 0.028 0.0028 2406.76 Sand N 3390.00 0.014


3 28.5 29 28.75 25.75 847.25 120.00 3450.00 0.00 3450.00 0.30 1000.00 0.028 0.0028 2364.45 Sand N 3450.00 0.014


3 29 29.5 29.25 26.25 846.75 120.00 3510.00 0.00 3510.00 0.30 1000.00 0.028 0.0028 2323.34 Sand N 3510.00 0.014


3 29.5 30 29.75 26.75 846.25 120.00 3570.00 0.00 3570.00 0.30 1000.00 0.028 0.0028 2283.39 Sand N 3570.00 0.014


3 30 30.5 30.25 27.25 845.75 120.00 3630.00 0.00 3630.00 0.30 1000.00 0.028 0.0028 2244.54 Sand N 3630.00 0.013


3 30.5 31 30.75 27.75 845.25 120.00 3690.00 0.00 3690.00 0.30 1000.00 0.028 0.0028 2206.76 Sand N 3690.00 0.013


3 31 31.5 31.25 28.25 844.75 120.00 3750.00 0.00 3750.00 0.30 1000.00 0.028 0.0028 2170.01 Sand N 3750.00 0.013


3 31.5 32 31.75 28.75 844.25 120.00 3810.00 0.00 3810.00 0.30 1000.00 0.028 0.0028 2134.24 Sand N 3810.00 0.013


3 32 32.5 32.25 29.25 843.75 120.00 3870.00 0.00 3870.00 0.30 1000.00 0.028 0.0028 2099.43 Sand N 3870.00 0.013


3 32.5 33 32.75 29.75 843.25 120.00 3930.00 0.00 3930.00 0.30 1000.00 0.028 0.0028 2065.54 Sand N 3930.00 0.012


3 33 33.5 33.25 30.25 842.75 120.00 3990.00 0.00 3990.00 0.30 1000.00 0.028 0.0028 2032.52 Sand N 3990.00 0.012


Estimated Settlement 1.46


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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Name: Fill
Unit Weight: 120
Cohesion: 100
Phi: 34


Name: Artificial Fill
Unit Weight: 120
Cohesion: 245
Phi: 34


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 288 @ Station 290+60
Static Analysis


Surcharge Load = 240 psf


Wall Height = 28 ft
Width of the Wall = 15.25 ft


Distance (feet)
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Name: Fill
Unit Weight: 120
Cohesion: 100
Phi: 34


Name: Artificial Fill
Unit Weight: 120
Cohesion: 245
Phi: 34


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 288 @ Station 290+60
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 28 ft
Width of the Wall = 15.25 ft


Distance (feet)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 291 - Sloping Ground


Width of the Wall is 9 ft


Date: 3/28/2008


Input Parameters (from Input-Output Sheet)


c cohesion 100 psf 4.7880259 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 9 feet 2.74 m


L length of foundation 300 feet 91.44 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.245 radians 0.245 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.02


Fqs 1.02


Fγs 0.99


Depth Factors


Fcd 1.13


Fqd 1.09


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 0.55


Fqg 0.56


Fγg 0.56


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 21.6 ksf 1035 kPa


qall 7.2 ksf 345 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 291


Width of the Foundation is 9 ft


Date: 3/28/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 112 ft 1 0 3 3 120 0.3 NA NA 950 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 14 11 120 0.3 NA NA 950 Sand N NA


Depth Interval 0.5 ft 3 14 62 48 120 0.3 NA NA 1050 Clay N NA


Footing Length 1000 ft


Footing Width 9 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 4.5 ft


Ground Surface Elevation 870 ft MSL


Foundation Pressure 7200 psf


Net Foundation Pressure 6840 psf Total Layer Thickness 62 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.81


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 869.75 120.00 30.00 0.00 30.00 0.30 950.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 869.25 120.00 90.00 0.00 90.00 0.30 950.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 868.75 120.00 150.00 0.00 150.00 0.30 950.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 868.25 120.00 210.00 0.00 210.00 0.30 950.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 867.75 120.00 270.00 0.00 270.00 0.30 950.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 867.25 120.00 330.00 0.00 330.00 0.30 950.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 866.75 120.00 390.00 0.00 390.00 0.30 950.00 NA NA 6710.72 Sand N 390.00 0.042


2 3.5 4 3.75 0.75 866.25 120.00 450.00 0.00 450.00 0.30 950.00 NA NA 6453.08 Sand N 450.00 0.041


2 4 4.5 4.25 1.25 865.75 120.00 510.00 0.00 510.00 0.30 950.00 NA NA 6198.12 Sand N 510.00 0.039


2 4.5 5 4.75 1.75 865.25 120.00 570.00 0.00 570.00 0.30 950.00 NA NA 5947.51 Sand N 570.00 0.038


2 5 5.5 5.25 2.25 864.75 120.00 630.00 0.00 630.00 0.30 950.00 NA NA 5702.75 Sand N 630.00 0.036


2 5.5 6 5.75 2.75 864.25 120.00 690.00 0.00 690.00 0.30 950.00 NA NA 5465.12 Sand N 690.00 0.035


2 6 6.5 6.25 3.25 863.75 120.00 750.00 0.00 750.00 0.30 950.00 NA NA 5235.66 Sand N 750.00 0.033


2 6.5 7 6.75 3.75 863.25 120.00 810.00 0.00 810.00 0.30 950.00 NA NA 5015.17 Sand N 810.00 0.032


2 7 7.5 7.25 4.25 862.75 120.00 870.00 0.00 870.00 0.30 950.00 NA NA 4804.19 Sand N 870.00 0.030


2 7.5 8 7.75 4.75 862.25 120.00 930.00 0.00 930.00 0.30 950.00 NA NA 4603.03 Sand N 930.00 0.029


2 8 8.5 8.25 5.25 861.75 120.00 990.00 0.00 990.00 0.30 950.00 NA NA 4411.84 Sand N 990.00 0.028


2 8.5 9 8.75 5.75 861.25 120.00 1050.00 0.00 1050.00 0.30 950.00 NA NA 4230.56 Sand N 1050.00 0.027


2 9 9.5 9.25 6.25 860.75 120.00 1110.00 0.00 1110.00 0.30 950.00 NA NA 4059.04 Sand N 1110.00 0.026


2 9.5 10 9.75 6.75 860.25 120.00 1170.00 0.00 1170.00 0.30 950.00 NA NA 3896.98 Sand N 1170.00 0.025


2 10 10.5 10.25 7.25 859.75 120.00 1230.00 0.00 1230.00 0.30 950.00 NA NA 3744.05 Sand N 1230.00 0.024


2 10.5 11 10.75 7.75 859.25 120.00 1290.00 0.00 1290.00 0.30 950.00 NA NA 3599.83 Sand N 1290.00 0.023


2 11 11.5 11.25 8.25 858.75 120.00 1350.00 0.00 1350.00 0.30 950.00 NA NA 3463.90 Sand N 1350.00 0.022


2 11.5 12 11.75 8.75 858.25 120.00 1410.00 0.00 1410.00 0.30 950.00 NA NA 3335.81 Sand N 1410.00 0.021


2 12 12.5 12.25 9.25 857.75 120.00 1470.00 0.00 1470.00 0.30 950.00 NA NA 3215.09 Sand N 1470.00 0.020


2 12.5 13 12.75 9.75 857.25 120.00 1530.00 0.00 1530.00 0.30 950.00 NA NA 3101.30 Sand N 1530.00 0.020


2 13 13.5 13.25 10.25 856.75 120.00 1590.00 0.00 1590.00 0.30 950.00 NA NA 2994.00 Sand N 1590.00 0.019


2 13.5 14 13.75 10.75 856.25 120.00 1650.00 0.00 1650.00 0.30 950.00 NA NA 2892.78 Sand N 1650.00 0.018


3 14 14.5 14.25 11.25 855.75 120.00 1710.00 0.00 1710.00 0.30 1050.00 NA NA 2797.22 Clay N 1710.00 0.016


3 14.5 15 14.75 11.75 855.25 120.00 1770.00 0.00 1770.00 0.30 1050.00 NA NA 2706.96 Clay N 1770.00 0.015


3 15 15.5 15.25 12.25 854.75 120.00 1830.00 0.00 1830.00 0.30 1050.00 NA NA 2621.63 Clay N 1830.00 0.015


3 15.5 16 15.75 12.75 854.25 120.00 1890.00 0.00 1890.00 0.30 1050.00 NA NA 2540.91 Clay N 1890.00 0.015


3 16 16.5 16.25 13.25 853.75 120.00 1950.00 0.00 1950.00 0.30 1050.00 NA NA 2464.47 Clay N 1950.00 0.014


3 16.5 17 16.75 13.75 853.25 120.00 2010.00 0.00 2010.00 0.30 1050.00 NA NA 2392.04 Clay N 2010.00 0.014


3 17 17.5 17.25 14.25 852.75 120.00 2070.00 0.00 2070.00 0.30 1050.00 NA NA 2323.33 Clay N 2070.00 0.013


3 17.5 18 17.75 14.75 852.25 120.00 2130.00 0.00 2130.00 0.30 1050.00 NA NA 2258.11 Clay N 2130.00 0.013


3 18 18.5 18.25 15.25 851.75 120.00 2190.00 0.00 2190.00 0.30 1050.00 NA NA 2196.14 Clay N 2190.00 0.013


3 18.5 19 18.75 15.75 851.25 120.00 2250.00 0.00 2250.00 0.30 1050.00 NA NA 2137.21 Clay N 2250.00 0.012


3 19 19.5 19.25 16.25 850.75 120.00 2310.00 0.00 2310.00 0.30 1050.00 NA NA 2081.12 Clay N 2310.00 0.012


3 19.5 20 19.75 16.75 850.25 120.00 2370.00 0.00 2370.00 0.30 1050.00 NA NA 2027.68 Clay N 2370.00 0.012


3 20 20.5 20.25 17.25 849.75 120.00 2430.00 0.00 2430.00 0.30 1050.00 NA NA 1976.73 Clay N 2430.00 0.011


3 20.5 21 20.75 17.75 849.25 120.00 2490.00 0.00 2490.00 0.30 1050.00 NA NA 1928.11 Clay N 2490.00 0.011


Estimated Settlement 0.81


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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2.255


Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 100 psf
Phi: 34 °


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 291 @ Station 292+00
Static Analysis


Surcharge Load = 240 psf


Wall Height = 16 ft
Width of the Wall = 9 ft


Name: Alluvium Qal 
Unit Weight: 120 pcf
Cohesion: 270 psf
Phi: 32 °


Wall 291


Distance (ft)
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Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 100 psf
Phi: 34 °


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 291 @ Station 292+00
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 16 ft
Width of the Wall = 9 ft


Name: Alluvium Qal 
Unit Weight: 120 pcf
Cohesion: 270 psf
Phi: 32 °


Wall 291


Distance (ft)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 293 - Sloping ground


Width of the Wall is 11 ft


Date: 5/16/2008


Input Parameters (from Input-Output Sheet)


c cohesion 270 psf 12.92767 kPa


φ friction angle 31 degrees 31 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 11 feet 3.35 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.197 radians 0.197 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 20.63


Nc 32.67


Nγ 25.99


Shape Factors


Fcs 1.07


Fqs 1.07


Fγs 0.96


Depth Factors


Fcd 1.11


Fqd 1.08


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 0.62


Fqg 0.64


Fγg 0.64


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 22.5 ksf 1075 kPa


qall 7.5 ksf 358 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 293


Width of the Foundation is 11.0 ft


Date: 5/16/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 120 0.3 NA NA 800 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 14 11 120 0.3 NA NA 800 Clay N NA


Depth Interval 0.5 ft 3 14 50 36 120 0.3 NA NA 1050 Sand N NA


Footing Length 100 ft


Footing Width 11 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 5.5 ft


Ground Surface Elevation 860 ft MSL


Foundation Pressure 7500 psf


Net Foundation Pressure 7140 psf Total Layer Thickness 50 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.15


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 859.75 120.00 30.00 0.00 30.00 0.30 800.00 NA NA 0.00 Clay N 30.00 0.000


1 0.5 1 0.75 0 859.25 120.00 90.00 0.00 90.00 0.30 800.00 NA NA 0.00 Clay N 90.00 0.000


1 1 1.5 1.25 0 858.75 120.00 150.00 0.00 150.00 0.30 800.00 NA NA 0.00 Clay N 150.00 0.000


1 1.5 2 1.75 0 858.25 120.00 210.00 0.00 210.00 0.30 800.00 NA NA 0.00 Clay N 210.00 0.000


1 2 2.5 2.25 0 857.75 120.00 270.00 0.00 270.00 0.30 800.00 NA NA 0.00 Clay N 270.00 0.000


1 2.5 3 2.75 0 857.25 120.00 330.00 0.00 330.00 0.30 800.00 NA NA 0.00 Clay N 330.00 0.000


2 3 3.5 3.25 0.25 856.75 120.00 390.00 0.00 390.00 0.30 800.00 NA NA 7028.92 Clay N 390.00 0.053


2 3.5 4 3.75 0.75 856.25 120.00 450.00 0.00 450.00 0.30 800.00 NA NA 6807.27 Clay N 450.00 0.051


2 4 4.5 4.25 1.25 855.75 120.00 510.00 0.00 510.00 0.30 800.00 NA NA 6587.17 Clay N 510.00 0.049


2 4.5 5 4.75 1.75 855.25 120.00 570.00 0.00 570.00 0.30 800.00 NA NA 6369.59 Clay N 570.00 0.048


2 5 5.5 5.25 2.25 854.75 120.00 630.00 0.00 630.00 0.30 800.00 NA NA 6155.46 Clay N 630.00 0.046


2 5.5 6 5.75 2.75 854.25 120.00 690.00 0.00 690.00 0.30 800.00 NA NA 5945.60 Clay N 690.00 0.045


2 6 6.5 6.25 3.25 853.75 120.00 750.00 0.00 750.00 0.30 800.00 NA NA 5740.72 Clay N 750.00 0.043


2 6.5 7 6.75 3.75 853.25 120.00 810.00 0.00 810.00 0.30 800.00 NA NA 5541.44 Clay N 810.00 0.042


2 7 7.5 7.25 4.25 852.75 120.00 870.00 0.00 870.00 0.30 800.00 NA NA 5348.25 Clay N 870.00 0.040


2 7.5 8 7.75 4.75 852.25 120.00 930.00 0.00 930.00 0.30 800.00 NA NA 5161.52 Clay N 930.00 0.039


2 8 8.5 8.25 5.25 851.75 120.00 990.00 0.00 990.00 0.30 800.00 NA NA 4981.52 Clay N 990.00 0.037


2 8.5 9 8.75 5.75 851.25 120.00 1050.00 0.00 1050.00 0.30 800.00 NA NA 4808.40 Clay N 1050.00 0.036


2 9 9.5 9.25 6.25 850.75 120.00 1110.00 0.00 1110.00 0.30 800.00 NA NA 4642.25 Clay N 1110.00 0.035


2 9.5 10 9.75 6.75 850.25 120.00 1170.00 0.00 1170.00 0.30 800.00 NA NA 4483.05 Clay N 1170.00 0.034


2 10 10.5 10.25 7.25 849.75 120.00 1230.00 0.00 1230.00 0.30 800.00 NA NA 4330.74 Clay N 1230.00 0.032


2 10.5 11 10.75 7.75 849.25 120.00 1290.00 0.00 1290.00 0.30 800.00 NA NA 4185.17 Clay N 1290.00 0.031


2 11 11.5 11.25 8.25 848.75 120.00 1350.00 0.00 1350.00 0.30 800.00 NA NA 4046.19 Clay N 1350.00 0.030


2 11.5 12 11.75 8.75 848.25 120.00 1410.00 0.00 1410.00 0.30 800.00 NA NA 3913.59 Clay N 1410.00 0.029


2 12 12.5 12.25 9.25 847.75 120.00 1470.00 0.00 1470.00 0.30 800.00 NA NA 3787.13 Clay N 1470.00 0.028


2 12.5 13 12.75 9.75 847.25 120.00 1530.00 0.00 1530.00 0.30 800.00 NA NA 3666.58 Clay N 1530.00 0.027


2 13 13.5 13.25 10.25 846.75 120.00 1590.00 0.00 1590.00 0.30 800.00 NA NA 3551.68 Clay N 1590.00 0.027


2 13.5 14 13.75 10.75 846.25 120.00 1650.00 0.00 1650.00 0.30 800.00 NA NA 3442.18 Clay N 1650.00 0.026


3 14 14.5 14.25 11.25 845.75 120.00 1710.00 0.00 1710.00 0.30 1050.00 NA NA 3337.80 Sand N 1710.00 0.019


3 14.5 15 14.75 11.75 845.25 120.00 1770.00 0.00 1770.00 0.30 1050.00 NA NA 3238.29 Sand N 1770.00 0.019


3 15 15.5 15.25 12.25 844.75 120.00 1830.00 0.00 1830.00 0.30 1050.00 NA NA 3143.41 Sand N 1830.00 0.018


3 15.5 16 15.75 12.75 844.25 120.00 1890.00 0.00 1890.00 0.30 1050.00 NA NA 3052.90 Sand N 1890.00 0.017


3 16 16.5 16.25 13.25 843.75 120.00 1950.00 0.00 1950.00 0.30 1050.00 NA NA 2966.54 Sand N 1950.00 0.017


3 16.5 17 16.75 13.75 843.25 120.00 2010.00 0.00 2010.00 0.30 1050.00 NA NA 2884.10 Sand N 2010.00 0.016


3 17 17.5 17.25 14.25 842.75 120.00 2070.00 0.00 2070.00 0.30 1050.00 NA NA 2805.35 Sand N 2070.00 0.016


3 17.5 18 17.75 14.75 842.25 120.00 2130.00 0.00 2130.00 0.30 1050.00 NA NA 2730.11 Sand N 2130.00 0.016


3 18 18.5 18.25 15.25 841.75 120.00 2190.00 0.00 2190.00 0.30 1050.00 NA NA 2658.16 Sand N 2190.00 0.015


3 18.5 19 18.75 15.75 841.25 120.00 2250.00 0.00 2250.00 0.30 1050.00 NA NA 2589.34 Sand N 2250.00 0.015


3 19 19.5 19.25 16.25 840.75 120.00 2310.00 0.00 2310.00 0.30 1050.00 NA NA 2523.46 Sand N 2310.00 0.014


3 19.5 20 19.75 16.75 840.25 120.00 2370.00 0.00 2370.00 0.30 1050.00 NA NA 2460.37 Sand N 2370.00 0.014


3 20 20.5 20.25 17.25 839.75 120.00 2430.00 0.00 2430.00 0.30 1050.00 NA NA 2399.90 Sand N 2430.00 0.014


3 20.5 21 20.75 17.75 839.25 120.00 2490.00 0.00 2490.00 0.30 1050.00 NA NA 2341.92 Sand N 2490.00 0.013


3 21 21.5 21.25 18.25 838.75 120.00 2550.00 0.00 2550.00 0.30 1050.00 NA NA 2286.29 Sand N 2550.00 0.013


3 21.5 22 21.75 18.75 838.25 120.00 2610.00 0.00 2610.00 0.30 1050.00 NA NA 2232.87 Sand N 2610.00 0.013


3 22 22.5 22.25 19.25 837.75 120.00 2670.00 0.00 2670.00 0.30 1050.00 NA NA 2181.57 Sand N 2670.00 0.012


3 22.5 23 22.75 19.75 837.25 120.00 2730.00 0.00 2730.00 0.30 1050.00 NA NA 2132.25 Sand N 2730.00 0.012


3 23 23.5 23.25 20.25 836.75 120.00 2790.00 0.00 2790.00 0.30 1050.00 NA NA 2084.81 Sand N 2790.00 0.012


3 23.5 24 23.75 20.75 836.25 120.00 2850.00 0.00 2850.00 0.30 1050.00 NA NA 2039.16 Sand N 2850.00 0.012


3 24 24.5 24.25 21.25 835.75 120.00 2910.00 0.00 2910.00 0.30 1050.00 NA NA 1995.20 Sand N 2910.00 0.011


3 24.5 25 24.75 21.75 835.25 120.00 2970.00 0.00 2970.00 0.30 1050.00 NA NA 1952.85 Sand N 2970.00 0.011


Estimated Settlement 1.15


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 293\Calculations\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW293 (width 11.0 ft) (Elastic Modulus and 1D 
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Unit Weight: 120
Cohesion: 270
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Unit Weight: 120
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Project No. 30989802 June 2008 State Route 91 Soundwalls and Retaining Walls Fig. 1


Note: Pile is Class 90 Con. Alt "Y" 


Displacement Friction Concrete. 


Diameter = 1.25 ft. Pile batter is 0 


degrees.


Ultimate Axial Compression and Tension Capacity of Driven Pile for Retaining Wall 293


Note that end bearing is zero, so the total 


capacity in compression equals the 


friction capacity in compression.


Tension


Compression







State Route 91 Soundwalls and Retaining Walls Date: 6/9/2008


Retaining Wall 293


Pile Type
Existing/   


Proposed


Pile Head 


Condition


Moment of 


Inertia                


(in
4
)


Pile Head 


Deflection          


(in)


Lateral 


Load 


per 


Single 


pile 


(kips)


Group 


Lateral 


Load 


per pile 


(kips)


Mmax       


(lbs . in)


Mmax       


(kips-in)


Depth to 


Mmax        


(in)


Free 2485 0.25 25.0 25.0 634694 635 48


0.50 34.3 34.3 998308 998 54


1.00 47.0 47.0 1570656 1571 60


Level ground and Pile Spacing >= 5d


Proposed
Class 90 Alt "Y" 


Concrete Pile







Shear Force (kips)
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RW 293 Lateral Pile Capacity SHEAR - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 293\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 293 Lateral Pile Capacity SHEAR - Free Head.lpd
Name of output file:         RW 293 Lateral Pile Capacity SHEAR - Free Head.lpo
Name of plot output file:    RW 293 Lateral Pile Capacity SHEAR - Free Head.lpp
Name of runtime file:        RW 293 Lateral Pile Capacity SHEAR - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  9, 2008     Time:  16: 4:51


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Only summary tables of pile-head deflection, maximum bending moment,
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RW 293 Lateral Pile Capacity SHEAR - Free Head
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -36.00 in


Slope angle of ground surface             =        .00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -36.000 in
Distance from top of pile to bottom of layer =      220.000 in


Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      220.000 in
Distance from top of pile to bottom of layer =      334.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      334.000 in
Distance from top of pile to bottom of layer =      454.000 in


Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      454.000 in
Distance from top of pile to bottom of layer =      640.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      640.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -36.00         .06900
  2           220.00         .06900
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RW 293 Lateral Pile Capacity SHEAR - Free Head
  3           220.00         .06900
  4           334.00         .06900
  5           334.00         .06900
  6           454.00         .06900
  7           454.00         .06900
  8           640.00         .06900
  9           640.00         .06900
 10           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -36.000       17.60000             .00           .00500        .0
  2      220.000       17.60000             .00           .00500        .0
  3      220.000         .00000           34.00           ------    ------
  4      334.000         .00000           34.00           ------    ------
  5      334.000       45.10000             .00           .00400        .0
  6      454.000       45.10000             .00           .00400        .0
  7      454.000         .00000           35.00           ------    ------
  8      640.000         .00000           35.00           ------    ------
  9      640.000         .00000           33.00           ------    ------
 10      800.000         .00000           33.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .8500         1.0000
  2          600.000          .8500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1
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RW 293 Lateral Pile Capacity SHEAR - Free Head


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.
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------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     602814.  25018.5701
  4  y=   .500000 M=     0.000  90000.0000    .5000000     946699.  34292.7978
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000    1488892.  47027.1542


The analysis ended normally. 
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RW 293 Lateral Pile Capacity MOMENT - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 293\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 293 Lateral Pile Capacity MOMENT - Free Head.lpd
Name of output file:         RW 293 Lateral Pile Capacity MOMENT - Free Head.lpo
Name of plot output file:    RW 293 Lateral Pile Capacity MOMENT - Free Head.lpp
Name of runtime file:        RW 293 Lateral Pile Capacity MOMENT - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  9, 2008     Time:  16: 7: 8


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
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RW 293 Lateral Pile Capacity MOMENT - Free Head
- Printing Increment (spacing of output points) =  1


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -36.00 in


Slope angle of ground surface             =        .00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -36.000 in
Distance from top of pile to bottom of layer =      220.000 in


Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      220.000 in
Distance from top of pile to bottom of layer =      334.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      334.000 in
Distance from top of pile to bottom of layer =      454.000 in


Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      454.000 in
Distance from top of pile to bottom of layer =      640.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      640.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -36.00         .06900
  2           220.00         .06900
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  3           220.00         .06900
  4           334.00         .06900
  5           334.00         .06900
  6           454.00         .06900
  7           454.00         .06900
  8           640.00         .06900
  9           640.00         .06900
 10           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -36.000       17.60000             .00           .00500        .0
  2      220.000       17.60000             .00           .00500        .0
  3      220.000         .00000           34.00           ------    ------
  4      334.000         .00000           34.00           ------    ------
  5      334.000       45.10000             .00           .00400        .0
  6      454.000       45.10000             .00           .00400        .0
  7      454.000         .00000           35.00           ------    ------
  8      640.000         .00000           35.00           ------    ------
  9      640.000         .00000           33.00           ------    ------
 10      800.000         .00000           33.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .9500         1.0000
  2          600.000          .9500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000  27136.5035   -.0051756    508.4746   -584.9728   7019.6732
   6.000   .218947     155084.  23596.4826   -.0051180    976.5359   -595.0342  16306.2801
  12.000   .188585     288685.  20007.4495   -.0049531   1379.7578   -601.3101  19131.2620
  18.000   .159509     400523.  16392.7724   -.0046971   1717.2967   -603.5822  22703.9600
  24.000   .132219     490471.  12777.1835   -.0043661   1988.7703   -601.6141  27300.7146
  30.000   .107116     558565.   9186.9138   -.0039765   2194.2835   -595.1425  33336.4040
  36.000   .084502     605009.   5649.8959   -.0035442   2334.4570   -583.8635  41456.7965
  42.000   .064585     630191.   2196.0808   -.0030854   2410.4601   -567.4082  52712.7105
  48.000   .047477     634694.  -1142.0437   -.0026156   2424.0502   -545.2999  68913.2406
  54.000   .033198     619311.  -4328.5419   -.0021497   2377.6239   -516.8661  93414.1991
  60.000   .021680     585073.  -7322.2637   -.0017024   2274.2893   -481.0412     133128.
  66.000   .012770     533283. -10072.9079   -.0012869   2117.9802   -435.8402     204780.
  72.000   .006237     465588. -12510.0418   -.0009159   1913.6706   -376.5377     362232.
  78.000   .001779     384152. -14493.7142   -.0006003   1667.8856   -284.6864     960015.
  84.000  -.000966     292312. -14599.6288   -.0003490   1390.7039    249.3816    1548838.
  90.000  -.002408     209333. -12879.3575   -.0001626   1140.2640    324.0422     807273.
  96.000  -.002918     137935. -10857.0643 -3.3637E-05    924.7784    350.0555     719868.
 102.000  -.002812  79084.4356  -8736.7837  4.6977E-05    747.1600    356.7047     761089.
 108.000  -.002354  33043.1862  -6614.9478  8.8628E-05    608.2025    350.5740     893585.
 114.000  -.001749   -390.6560  -4560.8095    .0001008    509.6536    334.1388    1146587.
 120.000  -.001145 -21795.3460  -2633.3376  9.2516E-05    574.2553    308.3519    1616030.
 126.000  -.000638 -32090.6245   -892.0120  7.2500E-05    605.3276    272.0900    2557520.
 132.000  -.000275 -32577.7900    577.3095  4.8478E-05    606.7979    217.6839    4752000.
 138.000 -5.66E-05 -25215.2664   1364.8275  2.7010E-05    584.5770     44.8221    4752000.
 144.000  4.93E-05 -16229.0305   1382.2313  1.1615E-05    557.4556    -39.0209    4752000.
 150.000  8.28E-05  -8641.0355   1068.4595  2.3771E-06    534.5542    -65.5697    4752000.
 156.000  7.78E-05  -3410.0832    686.9125 -2.0994E-06    518.7666    -61.6126    4752000.
 162.000  5.76E-05   -395.8178    365.2243 -3.5132E-06    509.6692    -45.6168    4752000.
 168.000  3.56E-05    976.4025    143.7033 -3.2975E-06    511.4215    -28.2235    4752000.
 174.000  1.80E-05   1332.1835     16.2006 -2.4400E-06    512.4953    -14.2774    4752000.
 180.000  6.36E-06   1173.4454    -41.7341 -1.5092E-06    512.0162     -5.0342    4752000.
 186.000 -8.36E-08    833.0039    -56.6382 -7.6390E-07    510.9887    .0662027    4752000.
 192.000 -2.81E-06    494.6116    -49.7621 -2.7074E-07    509.9674      2.2258    4752000.
 198.000 -3.33E-06    236.1513    -35.1665  7.0653E-10    509.1873      2.6393    4752000.
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 204.000 -2.80E-06     72.6125    -20.5911  1.1540E-07    508.6937      2.2191    4752000.
 210.000 -1.95E-06    -11.0668     -9.3060  1.3826E-07    508.5080      1.5426    4752000.
 216.000 -1.14E-06    -39.2088     -1.9630  1.1959E-07    508.5929    .9050944    4752000.
 222.000 -5.13E-07    -34.7517    .7768913  9.2113E-08    508.5795    .0081951  95911.8004
 228.000 -3.74E-08    -29.9856    .8033298  6.8066E-08    508.5651    .0006177  98989.8004
 234.000  3.04E-07    -25.1852    .7896625  4.7572E-08    508.5506   -.0051735     102068.
 240.000  5.33E-07    -20.5610    .7460987  3.0579E-08    508.5366   -.0093478     105146.
 246.000  6.71E-07    -16.2651    .6817425  1.6900E-08    508.5237   -.0121042     108224.
 252.000  7.36E-07    -12.3984    .6044588  6.2522E-09    508.5120   -.0136570     111302.
 258.000  7.46E-07     -9.0183    .5208188 -1.7032E-09    508.5018   -.0142230     114380.
 264.000  7.16E-07     -6.1467    .4361130 -7.3364E-09    508.4931   -.0140122     117458.
 270.000  6.58E-07     -3.7770    .3544166 -1.1023E-08    508.4860   -.0132199     120536.
 276.000  5.84E-07     -1.8818    .2786923 -1.3125E-08    508.4803   -.0120215     123614.
 282.000  5.01E-07   -.4185595    .2109193 -1.3979E-08    508.4758   -.0105695     126692.
 288.000  4.16E-07    .6643381    .1522347 -1.3888E-08    508.4766   -.0089920     129770.
 294.000  3.34E-07      1.4233    .1030793 -1.3112E-08    508.4789   -.0073931     132848.
 300.000  2.58E-07      1.9155    .0633380 -1.1872E-08    508.4804   -.0058540     135926.
 306.000  1.91E-07      2.1961    .0324707 -1.0345E-08    508.4812   -.0044351     139004.
 312.000  1.34E-07      2.3163    .0096270 -8.6688E-09    508.4816   -.0031794     142082.
 318.000  8.74E-08      2.3210   -.0062558 -6.9462E-09    508.4816   -.0021148     145160.
 324.000  5.09E-08      2.2487   -.0163737 -5.2487E-09    508.4814   -.0012578     148238.
 330.000  2.44E-08      2.1302   -.0219954 -3.6221E-09    508.4810   -.0006161     151316.
 336.000  7.44E-09      1.9887   -.0717686 -2.0922E-09    508.4806   -.0159750  1.2876E+07
 342.000 -6.76E-10      1.2712   -.1153392 -8.8123E-10    508.4784    .0014514  1.2876E+07
 348.000 -3.13E-09    .6055527   -.0908319 -1.8407E-10    508.4764    .0067177  1.2876E+07
 354.000 -2.89E-09    .1814580   -.0521041  1.0827E-10    508.4751    .0061916  1.2876E+07
 360.000 -1.83E-09   -.0198136   -.0217405  1.6831E-10    508.4746    .0039297  1.2876E+07
 366.000 -8.65E-10   -.0796096   -.0043796  1.3138E-10    508.4748    .0018573  1.2876E+07
 372.000 -2.55E-10   -.0725112    .0028315  7.4874E-11    508.4748    .0005464  1.2876E+07
 378.000  3.30E-11   -.0457121    .0042584  3.0959E-11    508.4747 -7.0818E-05  1.2876E+07
 384.000  1.17E-10   -.0214442    .0032935  6.0134E-12    508.4746   -.0002508  1.2876E+07
 390.000  1.05E-10   -.0061967    .0018641 -4.2540E-12    508.4746   -.0002257  1.2876E+07
 396.000  6.58E-11    .0009292    .0007633 -6.2107E-12    508.4746   -.0001413  1.2876E+07
 402.000  3.06E-11    .0029692    .0001423 -4.7626E-12    508.4746 -6.5739E-05  1.2876E+07
 408.000  8.68E-12    .0026414   -.0001108 -2.6785E-12    508.4746 -1.8619E-05  1.2876E+07
 414.000 -1.51E-12    .0016423   -.0001570 -1.0873E-12    508.4746  3.2349E-06  1.2876E+07
 420.000 -4.37E-12    .0007589   -.0001191 -1.9533E-13    508.4746  9.3797E-06  1.2876E+07
 426.000 -3.85E-12    .0002130 -6.6192E-05  1.6570E-13    508.4746  8.2649E-06  1.2876E+07
 432.000 -2.38E-12 -3.5540E-05 -2.6059E-05  2.3161E-13    508.4746  5.1128E-06  1.2876E+07
 438.000 -1.07E-12 -9.9979E-05 -3.8181E-06  1.8127E-13    508.4746  2.3007E-06  1.2876E+07
 444.000 -2.07E-13 -8.1553E-05  4.4188E-06  1.1384E-13    508.4746  4.4495E-07  1.2876E+07
 450.000  2.94E-13 -4.7077E-05  3.8616E-06  6.6054E-14    508.4746 -6.3070E-07  1.2876E+07
 456.000  5.85E-13 -3.5286E-05  1.8543E-06  3.5460E-14    508.4746 -3.8397E-08     393609.
 462.000  7.19E-13 -2.4863E-05  1.5948E-06  1.3117E-14    508.4746 -4.8118E-08     401304.
 468.000  7.43E-13 -1.6163E-05  1.2985E-06 -2.1226E-15    508.4746 -5.0628E-08     408999.
 474.000  6.94E-13 -9.2787E-06  1.0021E-06 -1.1573E-14    508.4746 -4.8194E-08     416694.
 480.000  6.04E-13 -4.1257E-06  7.2934E-07 -1.6552E-14    508.4746 -4.2710E-08     424389.
 486.000  4.95E-13 -5.0868E-07  4.9420E-07 -1.8274E-14    508.4746 -3.5670E-08     432084.
 492.000  3.85E-13  1.8244E-06  3.0263E-07 -1.7785E-14    508.4746 -2.8186E-08     439779.
 498.000  2.82E-13  3.1421E-06  1.5500E-07 -1.5940E-14    508.4746 -2.1024E-08     447474.
 504.000  1.93E-13  3.7017E-06  4.7947E-08 -1.3398E-14    508.4746 -1.4661E-08     455169.
 510.000  1.21E-13  3.7320E-06 -2.4071E-08 -1.0637E-14    508.4746 -9.3444E-09     462864.
 516.000  6.56E-14  3.4243E-06 -6.7545E-08 -7.9783E-15    508.4746 -5.1469E-09     470559.
 522.000  2.54E-14  2.9300E-06 -8.9057E-08 -5.6179E-15    508.4746 -2.0237E-09     478254.
 528.000 -1.79E-15  2.3617E-06 -9.4671E-08 -3.6523E-15    508.4746  1.5246E-10     511525.
 534.000 -1.84E-14  1.7979E-06 -8.9662E-08 -2.1071E-15    508.4746  1.5170E-09     493644.
 540.000 -2.71E-14  1.2880E-06 -7.8325E-08 -9.6081E-16    508.4746  2.2622E-09     501339.
 546.000 -3.00E-14  8.5908E-07 -6.3911E-08 -1.6324E-16    508.4746  2.5424E-09     509034.
 552.000 -2.90E-14  5.2129E-07 -4.8783E-08  3.4952E-16    508.4746  2.5003E-09     516729.
 558.000 -2.58E-14  2.7331E-07 -3.4523E-08  6.4468E-16    508.4746  2.2527E-09     524424.
 564.000 -2.13E-14  1.0632E-07 -2.2099E-08  7.8570E-16    508.4746  1.8887E-09     532119.
 570.000 -1.63E-14  7.2742E-09 -1.2021E-08  8.2789E-16    508.4746  1.4706E-09     539814.
 576.000 -1.14E-14 -3.8831E-08 -4.4992E-09  8.1617E-16    508.4746  1.0368E-09     547509.
 582.000 -6.55E-15 -4.7598E-08  5.2552E-10  7.8406E-16    508.4746  6.3812E-10     584425.
 588.000 -1.95E-15 -3.3372E-08  3.0185E-09  7.5399E-16    508.4746  1.9287E-10     592525.
 594.000  2.50E-15 -1.2190E-08  2.8473E-09  7.3706E-16    508.4746 -2.4992E-10     600625.
 600.000  6.89E-15      0.0000      0.0000  7.3253E-16    508.4746 -6.9920E-10     304363.


Output Verification:
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Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  1:


Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00517556
Maximum bending moment           =   634694.05707 lbs-in
Maximum shear force              =    27136.50350 lbs
Depth of maximum bending moment  =    48.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             18
Number of zero deflection points =             10


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  37214.1739   -.0091764    508.4746   -695.6538   4173.9227
   6.000   .444941     215719.  32995.8697   -.0090963   1159.5366   -710.4476   9580.3290
  12.000   .390845     405774.  28700.1053   -.0088654   1733.1459   -721.4739  11075.6146
  18.000   .338556     569694.  24350.1140   -.0085031   2227.8744   -728.5232  12911.1149
  24.000   .288808     707159.  19970.4225   -.0080288   2642.7577   -731.3740  15194.3547
  30.000   .242211     818011.  15586.9424   -.0074622   2977.3195   -729.7861  18078.1159
  36.000   .199261     902262.  11227.1056   -.0068232   3231.5983   -723.4928  21785.3292
  42.000   .160332     960105.   6920.0652   -.0061314   3406.1758   -712.1873  26651.7091
  48.000   .125683     991924.   2697.0000   -.0054063   3502.2102   -695.5011  33202.5576
  54.000   .095456     998308.  -1408.4010   -.0046670   3521.4761   -672.9659  42300.0718
  60.000   .069679     980064.  -5359.1274   -.0039322   3466.4142   -643.9429  55449.6270
  66.000   .048270     938245.  -9113.3766   -.0032196   3340.2001   -607.4735  75509.4109
  72.000   .031044     874181. -12621.5877   -.0025463   3146.8467   -561.9302     108608.
  78.000   .017714     789536. -15819.4316   -.0019283   2891.3802   -504.0178     170720.
  84.000   .007903     686430. -18605.9825   -.0013801   2580.1951   -424.8325     322516.
  90.000   .001153     567755. -20695.6178   -.0009142   2222.0201   -271.7126    1414106.
  96.000  -.003067     439070. -20447.7020   -.0005402   1833.6355    354.3512     693228.
 102.000  -.005330     322966. -18128.4728   -.0002571   1483.2203    418.7252     471392.
 108.000  -.006153     221806. -15534.1466 -5.4783E-05   1177.9093    446.0502     434981.
 114.000  -.005987     136615. -12831.3261  7.8356E-05    920.7940    454.8900     455875.
 120.000  -.005212  67745.5021 -10114.1260    .0001543    712.9379    450.8434     518965.
 126.000  -.004136  15079.0336  -7457.8289    .0001850    553.9847    434.5890     630476.
 132.000  -.002992 -21948.2816  -4951.7541    .0001825    574.7169    400.7693     803680.
 138.000  -.001946 -44539.0965  -2669.8688    .0001578    642.8984    359.8591    1109518.
 144.000  -.001099 -54157.1145   -654.7224    .0001211    671.9266    311.8563    1703221.
 150.000  -.000493 -52526.5789   1046.0608  8.1495E-05    667.0055    255.0714    3107144.
 156.000  -.000121 -41692.3987   2097.9472  4.6496E-05    634.3068     95.5573    4752000.
 162.000  6.54E-05 -27401.4287   2229.2270  2.0830E-05    591.1751    -51.7974    4752000.
 168.000   .000129 -14964.1710   1766.5888  5.0934E-06    553.6381   -102.4154    4752000.
 174.000   .000127  -6207.8642   1158.7287 -2.7712E-06    527.2106   -100.2046    4752000.
 180.000  9.61E-05  -1056.4336    629.8810 -5.4696E-06    511.6630    -76.0779    4752000.
 186.000  6.09E-05   1356.6152    256.9823 -5.3581E-06    512.5690    -48.2217    4752000.
 192.000  3.18E-05   2033.1404     36.8532 -4.0989E-06    514.6108    -25.1547    4752000.
 198.000  1.17E-05   1803.2808    -66.4072 -2.6739E-06    513.9171     -9.2654    4752000.
 204.000 -3.25E-07   1239.1417    -93.4308 -1.5437E-06    512.2144    .2575938    4752000.
 210.000 -6.83E-06    683.7789    -76.4399 -8.2943E-07    510.5383      5.4060    4752000.
 216.000 -1.03E-05    322.7588    -35.8004 -4.5554E-07    509.4487      8.1405    4752000.
 222.000 -1.23E-05    254.6664    -10.7894 -2.4105E-07    509.2432    .1964957  95911.8004
 228.000 -1.32E-05    193.5457     -9.5481 -7.4557E-08    509.0587    .2172989  98989.8004


Page 6







RW 293 Lateral Pile Capacity MOMENT - Free Head
 234.000 -1.32E-05    140.1702     -8.2232  4.9404E-08    508.8976    .2243274     102068.
 240.000 -1.26E-05     94.8142     -6.8889  1.3669E-07    508.7607    .2204230     105146.
 246.000 -1.15E-05     57.3554     -5.6029  1.9322E-07    508.6477    .2082706     108224.
 252.000 -1.03E-05     27.3713     -4.4071  2.2469E-07    508.5572    .1903174     111302.
 258.000 -8.85E-06      4.2276     -3.3300  2.3643E-07    508.4873    .1687178     114380.
 264.000 -7.42E-06    -12.8439     -2.3879  2.3323E-07    508.5133    .1453034     117458.
 270.000 -6.05E-06    -24.6793     -1.5873  2.1929E-07    508.5491    .1215741     120536.
 276.000 -4.79E-06    -32.1281   -.9264504  1.9819E-07    508.5715    .0987048     123614.
 282.000 -3.67E-06    -36.0107   -.3976380  1.7288E-07    508.5833    .0775660     126692.
 288.000 -2.72E-06    -37.0865    .0113169  1.4572E-07    508.5865    .0587523     129770.
 294.000 -1.92E-06    -36.0323    .3154252  1.1856E-07    508.5833    .0426171     132848.
 300.000 -1.29E-06    -33.4294    .5312010  9.2760E-08    508.5755    .0293082     135926.
 306.000 -8.12E-07    -29.7581    .6755375  6.9288E-08    508.5644    .0188040     139004.
 312.000 -4.62E-07    -25.3978    .7647887  4.8800E-08    508.5512    .0109464     142082.
 318.000 -2.26E-07    -20.6333    .8140354  3.1701E-08    508.5368    .0054692     145160.
 324.000 -8.18E-08    -15.6636    .8365091  1.8218E-08    508.5219    .0020220     148238.
 330.000 -7.44E-09    -10.6149    .8431382  8.4569E-09    508.5066    .0001877     151316.
 336.000  1.96E-08     -5.5551    .7172571  2.4504E-09    508.4913   -.0421481  1.2876E+07
 342.000  2.20E-08     -2.0104    .4494233 -3.5988E-10    508.4806   -.0471299  1.2876E+07
 348.000  1.53E-08   -.1616502    .2093914 -1.1667E-09    508.4751   -.0328807  1.2876E+07
 354.000  7.96E-09    .5035080    .0594935 -1.0397E-09    508.4761   -.0170853  1.2876E+07
 360.000  2.85E-09    .5533947   -.0100807 -6.4714E-10    508.4762   -.0061061  1.2876E+07
 366.000  1.96E-10    .3832385   -.0296607 -2.9922E-10    508.4757   -.0004205  1.2876E+07
 372.000 -7.45E-10    .1977896   -.0261247 -8.3394E-11    508.4752    .0015992  1.2876E+07
 378.000 -8.05E-10    .0698327   -.0161461  1.6017E-11    508.4748    .0017270  1.2876E+07
 384.000 -5.53E-10    .0040185   -.0074050  4.3450E-11    508.4746    .0011867  1.2876E+07
 390.000 -2.83E-10   -.0190744   -.0020205  3.7857E-11    508.4746    .0006081  1.2876E+07
 396.000 -9.87E-11   -.0202685    .0004394  2.3243E-11    508.4746    .0002119  1.2876E+07
 402.000 -4.45E-12   -.0138268    .0011037  1.0578E-11    508.4746  9.5556E-06  1.2876E+07
 408.000  2.82E-11   -.0070356    .0009508  2.8282E-12    508.4746 -6.0508E-05  1.2876E+07
 414.000  2.95E-11   -.0024199    .0005795 -6.8418E-13    508.4746 -6.3273E-05  1.2876E+07
 420.000  2.00E-11 -8.0987E-05    .0002610 -1.6131E-12    508.4746 -4.2890E-05  1.2876E+07
 426.000  1.01E-11    .0007139  6.7135E-05 -1.3780E-12    508.4746 -2.1732E-05  1.2876E+07
 432.000  3.45E-12    .0007261 -2.0274E-05 -8.4314E-13    508.4746 -7.4037E-06  1.2876E+07
 438.000  9.60E-15    .0004715 -4.2547E-05 -3.9827E-13    508.4746 -2.0596E-08  1.2876E+07
 444.000 -1.33E-12    .0002160 -3.4052E-05 -1.4289E-13    508.4746  2.8522E-06  1.2876E+07
 450.000 -1.71E-12  6.3047E-05 -1.4519E-05 -3.9240E-14    508.4746  3.6590E-06  1.2876E+07
 456.000 -1.80E-12  4.1805E-05 -3.1874E-06 -2.9157E-16    508.4746  1.1808E-07     393609.
 462.000 -1.71E-12  2.4798E-05 -2.4903E-06  2.4449E-14    508.4746  1.1428E-07     401304.
 468.000 -1.51E-12  1.1895E-05 -1.8394E-06  3.8079E-14    508.4746  1.0270E-07     408999.
 474.000 -1.25E-12  2.6842E-06 -1.2705E-06  4.3494E-14    508.4746  8.6924E-08     416694.
 480.000 -9.85E-13 -3.3983E-06 -8.0081E-07  4.3229E-14    508.4746  6.9647E-08     424389.
 486.000 -7.33E-13 -6.9722E-06 -4.3354E-07  3.9377E-14    508.4746  5.2777E-08     432084.
 492.000 -5.12E-13 -8.6433E-06 -1.6259E-07  3.3576E-14    508.4746  3.7539E-08     439779.
 498.000 -3.30E-13 -8.9596E-06  2.3845E-08  2.7038E-14    508.4746  2.4608E-08     447474.
 504.000 -1.88E-13 -8.3864E-06  1.4038E-07  2.0594E-14    508.4746  1.4239E-08     455169.
 510.000 -8.28E-14 -7.2972E-06  2.0227E-07  1.4768E-14    508.4746  6.3892E-09     462864.
 516.000 -1.05E-14 -5.9751E-06  2.2390E-07  9.8383E-15    508.4746  8.2150E-10     470559.
 522.000  3.52E-14 -4.6211E-06  2.1794E-07  5.9023E-15    508.4746 -2.8088E-09     478254.
 528.000  6.04E-14 -3.3662E-06  1.9485E-07  2.9353E-15    508.4746 -4.8880E-09     485949.
 534.000  7.05E-14 -2.2860E-06  1.6279E-07  8.3572E-16    508.4746 -5.7972E-09     493644.
 540.000  7.04E-14 -1.4136E-06  1.2776E-07 -5.3856E-16    508.4746 -5.8808E-09     501339.
 546.000  6.40E-14 -7.5235E-07  9.3828E-08 -1.3431E-15    508.4746 -5.4296E-09     509034.
 552.000  5.43E-14 -2.8624E-07  6.3519E-08 -1.7289E-15    508.4746 -4.6732E-09     516729.
 558.000  4.33E-14  1.1749E-08  3.8158E-08 -1.8309E-15    508.4746 -3.7804E-09     524424.
 564.000  3.23E-14  1.7364E-07  1.8225E-08 -1.7620E-15    508.4746 -2.8639E-09     532119.
 570.000  2.21E-14  2.3236E-07  3.6667E-09 -1.6112E-15    508.4746 -1.9890E-09     539814.
 576.000  1.30E-14  2.1938E-07 -5.8477E-09 -1.4434E-15    508.4746 -1.1825E-09     547509.
 582.000  4.79E-15  1.6374E-07 -1.0794E-08 -1.3011E-15    508.4746 -4.6624E-10     584425.
 588.000 -2.65E-15  9.1259E-08 -1.1406E-08 -1.2064E-15    508.4746  2.6218E-10     592525.
 594.000 -9.69E-15  2.8175E-08 -7.7095E-09 -1.1620E-15    508.4746  9.6999E-10     600625.
 600.000 -1.66E-14      0.0000      0.0000 -1.1515E-15    508.4746  1.5998E-09     289144.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  2:
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RW 293 Lateral Pile Capacity MOMENT - Free Head
Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00917642
Maximum bending moment           =   998307.83631 lbs-in
Maximum shear force              =    37214.17390 lbs
Depth of maximum bending moment  =    54.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             19
Number of zero deflection points =              9


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  51026.0842   -.0162632    508.4746   -827.2764   2481.8293
   6.000   .902421     300048.  46000.7683   -.0161517   1414.0510   -847.8289   5637.0302
  12.000   .806179     569453.  40863.4140   -.0158288   2227.1459   -864.6225   6434.9664
  18.000   .712476     807504.  35637.1709   -.0153173   2945.6084   -877.4585   7389.3762
  24.000   .622372    1013642.  30346.4062   -.0146408   3567.7557   -886.1298   8542.7696
  30.000   .536786    1187473.  25016.7642   -.0138232   4092.3960   -890.4176   9952.7634
  36.000   .456494    1328772.  19675.2523   -.0128885   4518.8529   -890.0863  11698.9953
  42.000   .382124    1437495.  14350.3653   -.0118609   4846.9913   -884.8760  13894.0544
  48.000   .314163    1513786.   9072.2625   -.0107646   5077.2458   -874.4916  16701.3830
  54.000   .252949    1557988.   3873.0310   -.0096236   5210.6522   -858.5856  20365.8553
  60.000   .198679    1570656.  -1212.9154   -.0084614   5248.8852   -836.7299  25268.7636
  66.000   .151411    1552572.  -6148.2028   -.0073013   5194.3042   -808.3659  32033.2615
  72.000   .111064    1504763. -10891.4281   -.0061656   5050.0129   -772.7092  41744.0817
  78.000   .077424    1428533. -15395.2146   -.0050760   4819.9432   -728.5529  56459.5793
  84.000   .050152    1325503. -19602.2674   -.0040530   4508.9853   -673.7981  80611.3382
  90.000   .028788    1197683. -23435.9771   -.0031157   4123.2129   -604.1052     125908.
  96.000   .012763    1047636. -26770.5658   -.0022817   3670.3533   -507.4244     238550.
 102.000   .001407     878901. -29198.9359   -.0015661   3161.0925   -302.0323    1287537.
 108.000  -.006030     698940. -28773.9739   -.0009800   2617.9512    443.6863     441476.
 114.000  -.010352     534671. -25877.7889   -.0005217   2122.1710    521.7087     302380.
 120.000  -.012291     388970. -22636.1542   -.0001786   1682.4281    558.8362     272809.
 126.000  -.012496     263230. -19240.1103  6.3638E-05   1302.9328    573.1785     275223.
 132.000  -.011527     158020. -15835.3470    .0002201    985.3957    561.7426     292395.
 138.000  -.009854  72968.6046 -12529.6854    .0003059    728.7018    540.1446     328882.
 144.000  -.007856   7333.2632  -9378.1061    .0003357    530.6072    510.3818     389800.
 150.000  -.005825 -39931.2760  -6426.1895    .0003236    628.9915    473.5905     487799.
 156.000  -.003972 -70130.5395  -3714.4121    .0002828    720.1362    430.3353     649988.
 162.000  -.002432 -84809.5961  -1281.5426    .0002252    764.4392    380.6212     938966.
 168.000  -.001270 -85752.2669    830.7810    .0001618    767.2842    323.4867    1528297.
 174.000  -.000490 -75015.0161   2565.7392    .0001021    734.8780    254.8328    3120103.
 180.000 -4.45E-05 -55073.6918   3435.9344  5.3803E-05    674.6930     35.2323    4752000.
 186.000   .000156 -33841.9102   3171.9626  2.0774E-05    610.6131   -123.2229    4752000.
 192.000   .000205 -17032.5770   2315.6809  1.8762E-06    559.8807   -162.2043    4752000.
 198.000   .000178  -6055.7662   1405.9037 -6.7001E-06    526.7515   -141.0547    4752000.
 204.000   .000124   -154.4965    687.1610 -9.0070E-06    508.9409    -98.5262    4752000.
 210.000  7.00E-05   2199.8932    225.2260 -8.2472E-06    515.1141    -55.4522    4752000.
 216.000  2.54E-05   2557.1221     -1.5643 -6.4802E-06    516.1922    -20.1446    4752000.
 222.000 -7.75E-06   2188.1202    -61.6265 -4.7175E-06    515.0786    .1238352  95911.8004
 228.000 -3.12E-05   1822.6985    -59.7120 -3.2277E-06    513.9757    .5143366  98989.8004
 234.000 -4.65E-05   1475.0618    -55.7970 -2.0027E-06    512.9265    .7906637     102068.
 240.000 -5.52E-05   1155.2971    -50.5226 -1.0256E-06    511.9614    .9674682     105146.
 246.000 -5.88E-05    869.8979    -44.4392 -2.7333E-07    511.1000      1.0603     108224.
 252.000 -5.85E-05    622.3219    -38.0033  2.8097E-07    510.3528      1.0850     111302.
 258.000 -5.54E-05    413.5547    -31.5793  6.6576E-07    509.7227      1.0564     114380.
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RW 293 Lateral Pile Capacity MOMENT - Free Head
 264.000 -5.05E-05    242.6511    -25.4445  9.0951E-07    509.2069    .9885646     117458.
 270.000 -4.45E-05    107.2386    -19.7969  1.0395E-06    508.7982    .8939766     120536.
 276.000 -3.80E-05      3.9662    -14.7648  1.0808E-06    508.4865    .7833866     123614.
 282.000 -3.15E-05    -71.1059    -10.4173  1.0559E-06    508.6892    .6657789     126692.
 288.000 -2.54E-05   -122.1814     -6.7748  9.8405E-07    508.8433    .5483641     129770.
 294.000 -1.97E-05   -153.4668     -3.8197  8.8166E-07    508.9378    .4366707     132848.
 300.000 -1.48E-05   -168.9705     -1.5056  7.6189E-07    508.9845    .3346963     135926.
 306.000 -1.06E-05   -172.3573    .2337336  6.3510E-07    508.9948    .2450946     139004.
 312.000 -7.15E-06   -166.8516      1.4772  5.0910E-07    508.9782    .1693824     142082.
 318.000 -4.47E-06   -155.1812      2.3098  3.8947E-07    508.9429    .1081482     145160.
 324.000 -2.48E-06   -139.5552      2.8180  2.7999E-07    508.8958    .0612515     148238.
 330.000 -1.11E-06   -121.6681      3.0857  1.8296E-07    508.8418    .0280002     151316.
 336.000 -2.84E-07   -102.7242      4.9960  9.9606E-08    508.7846    .6087731  1.2876E+07
 342.000  8.50E-08    -61.8233      6.2751  3.8483E-08    508.6612   -.1824027  1.2876E+07
 348.000  1.78E-07    -27.4641      4.5813  5.3161E-09    508.5575   -.3822052  1.2876E+07
 354.000  1.49E-07     -6.8533      2.4768 -7.4314E-09    508.4953   -.3192988  1.2876E+07
 360.000  8.89E-08      2.2656    .9463981 -9.1355E-09    508.4814   -.1908373  1.2876E+07
 366.000  3.92E-08      4.5134    .1217439 -6.6174E-09    508.4882   -.0840474  1.2876E+07
 372.000  9.52E-09      3.7337   -.1916901 -3.5540E-09    508.4858   -.0204306  1.2876E+07
 378.000 -3.48E-09      2.2169   -.2305666 -1.3436E-09    508.4813    .0074718  1.2876E+07
 384.000 -6.60E-09    .9683193   -.1656479 -1.6037E-10    508.4775    .0141678  1.2876E+07
 390.000 -5.41E-09    .2293451   -.0883403  2.8452E-10    508.4753    .0116014  1.2876E+07
 396.000 -3.19E-09   -.0920716   -.0330128  3.3551E-10    508.4749    .0068411  1.2876E+07
 402.000 -1.38E-09   -.1671708   -.0036046  2.3921E-10    508.4751    .0029616  1.2876E+07
 408.000 -3.17E-10   -.1355856    .0073236  1.2675E-10    508.4750    .0006811  1.2876E+07
 414.000  1.41E-10   -.0794249    .0084599  4.6882E-11    508.4748   -.0003024  1.2876E+07
 420.000  2.45E-10   -.0341174    .0059744  4.7057E-12    508.4747   -.0005261  1.2876E+07
 426.000  1.97E-10   -.0077369    .0031254 -1.0842E-11    508.4746   -.0004235  1.2876E+07
 432.000  1.15E-10    .0033992    .0011139 -1.2453E-11    508.4746   -.0002469  1.2876E+07
 438.000  4.79E-11    .0056438  6.4513E-05 -9.0938E-12    508.4746   -.0001029  1.2876E+07
 444.000  5.95E-12    .0041831   -.0002824 -5.4434E-12    508.4746 -1.2771E-05  1.2876E+07
 450.000 -1.74E-11    .0022610   -.0002088 -3.0497E-12    508.4746  3.7310E-05  1.2876E+07
 456.000 -3.06E-11    .0016811 -9.0814E-05 -1.5854E-12    508.4746  2.0104E-06     393609.
 462.000 -3.64E-11    .0011729 -7.7477E-05 -5.2520E-13    508.4746  2.4353E-06     401304.
 468.000 -3.69E-11    .0007520 -6.2616E-05  1.8982E-13    508.4746  2.5186E-06     408999.
 474.000 -3.41E-11    .0004213 -4.7948E-05  6.2565E-13    508.4746  2.3705E-06     416694.
 480.000 -2.94E-11    .0001759 -3.4590E-05  8.4751E-13    508.4746  2.0823E-06     424389.
 486.000 -2.40E-11  5.3473E-06 -2.3166E-05  9.1483E-13    508.4746  1.7257E-06     432084.
 492.000 -1.85E-11   -.0001031 -1.3930E-05  8.7853E-13    508.4746  1.3532E-06     439779.
 498.000 -1.34E-11   -.0001628 -6.8673E-06  7.7978E-13    508.4746  1.0009E-06     447474.
 504.000 -9.10E-12   -.0001863 -1.7926E-06  6.5011E-13    508.4746  6.9068E-07     455169.
 510.000 -5.62E-12   -.0001850  1.5799E-06  5.1218E-13    508.4746  4.3349E-07     462864.
 516.000 -2.96E-12   -.0001679  3.5764E-06  3.8110E-13    508.4746  2.3201E-07     470559.
 522.000 -1.05E-12   -.0001425  4.5226E-06  2.6580E-13    508.4746  8.3379E-08     478254.
 528.000  2.31E-13   -.0001139  4.7166E-06  1.7056E-13    508.4746 -1.8728E-08     485949.
 534.000  1.00E-12 -8.6049E-05  4.4134E-06  9.6267E-14    508.4746 -8.2325E-08     493644.
 540.000  1.39E-12 -6.1085E-05  3.8189E-06  4.1613E-14    508.4746 -1.1585E-07     501339.
 546.000  1.50E-12 -4.0267E-05  3.0896E-06  3.9655E-15    508.4746 -1.2726E-07     509034.
 552.000  1.43E-12 -2.4014E-05  2.3373E-06 -1.9912E-14    508.4746 -1.2350E-07     516729.
 558.000  1.26E-12 -1.2197E-05  1.6362E-06 -3.3363E-14    508.4746 -1.1022E-07     524424.
 564.000  1.03E-12 -4.3439E-06  1.0305E-06 -3.9508E-14    508.4746 -9.1673E-08     532119.
 570.000  7.87E-13  2.1101E-07  5.4306E-07 -4.1043E-14    508.4746 -7.0801E-08     539814.
 576.000  5.41E-13  2.2171E-06  1.8251E-07 -4.0141E-14    508.4746 -4.9381E-08     547509.
 582.000  3.05E-13  2.4445E-06 -5.0372E-08 -3.8409E-14    508.4746 -2.8246E-08     555204.
 588.000  8.02E-14  1.6541E-06 -1.5770E-07 -3.6887E-14    508.4746 -7.5285E-09     562899.
 594.000 -1.37E-13  5.9199E-07 -1.4109E-07 -3.6052E-14    508.4746  1.3065E-08     570594.
 600.000 -3.52E-13      0.0000      0.0000 -3.5833E-14    508.4746  3.3963E-08     289144.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  3:


Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01626320
Maximum bending moment           =       1570656. lbs-in
Maximum shear force              =    51026.08424 lbs
Depth of maximum bending moment  =    60.00000000 in
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RW 293 Lateral Pile Capacity MOMENT - Free Head
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             20
Number of zero deflection points =              9


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     634694.  27136.5035
  4  y=   .500000 M=     0.000  90000.0000    .5000000     998308.  37214.1739
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000    1570656.  51026.0842


The analysis ended normally. 
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RW 293 Lateral Pile Capacity Critical Depth
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 293\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 293 Lateral Pile Capacity Critical Depth.lpd
Name of output file:         RW 293 Lateral Pile Capacity Critical Depth.lpo
Name of plot output file:    RW 293 Lateral Pile Capacity Critical Depth.lpp
Name of runtime file:        RW 293 Lateral Pile Capacity Critical Depth.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  9, 2008     Time:  16:12:40


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
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RW 293 Lateral Pile Capacity Critical Depth
- Only summary tables of pile-head deflection, maximum bending moment,
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     220.00 in


Depth of ground surface below top of pile =     -36.00 in


Slope angle of ground surface             =        .00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     220.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -36.000 in
Distance from top of pile to bottom of layer =      220.000 in


Layer  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      220.000 in
Distance from top of pile to bottom of layer =      334.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      334.000 in
Distance from top of pile to bottom of layer =      454.000 in


Layer  4 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      454.000 in
Distance from top of pile to bottom of layer =      640.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      640.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


(Depth of lowest layer extends  580.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -36.00         .06900
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RW 293 Lateral Pile Capacity Critical Depth
  2           220.00         .06900
  3           220.00         .06900
  4           334.00         .06900
  5           334.00         .06900
  6           454.00         .06900
  7           454.00         .06900
  8           640.00         .06900
  9           640.00         .06900
 10           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -36.000       17.60000             .00           .00500        .0
  2      220.000       17.60000             .00           .00500        .0
  3      220.000         .00000           34.00           ------    ------
  4      334.000         .00000           34.00           ------    ------
  5      334.000       45.10000             .00           .00400        .0
  6      454.000       45.10000             .00           .00400        .0
  7      454.000         .00000           35.00           ------    ------
  8      640.000         .00000           35.00           ------    ------
  9      640.000         .00000           33.00           ------    ------
 10      800.000         .00000           33.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .8500         1.0000
  2          600.000          .8500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  1
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RW 293 Lateral Pile Capacity Critical Depth
Load Case Number  1


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Shear force at pile head    =       47000.000 lbs
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


(Zero moment at pile head for this load indicates a free-head condition)


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Specified shear force at pile head  =       47000.000 lbs
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


(Zero moment for this load indicates free-head conditions)


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  1  V=    47000. M=     0.000  90000.0000    .9970484    1487928.  47000.0000


------------------------------------------------------------------------------
                     Pile-head Deflection vs. Pile Length
------------------------------------------------------------------------------


Boundary Condition Type 1, Shear and Moment


Shear      =          47000. lbs
Moment     =              0. in-lbs
Axial Load =          90000. lbs


   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   220.000     .99704840      1487928.   47000.00000
   209.000     .99765310      1487674.   47000.00000
   198.000     .99820526      1487485.   47000.00000
   187.000     .99920913      1486996.   47000.00000
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RW 293 Lateral Pile Capacity Critical Depth
   176.000     .99954928      1486982.   47000.00000
   165.000     .99950898      1487188.   47000.00000
   154.000    1.03172117      1474406.   47000.00000
   143.000    1.16519663      1430520.   47000.00000
   132.000    1.49306077      1358139.   47000.00000
   121.000    2.25741702      1269852.   47000.00000


The analysis ended normally. 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 294 - Sloping ground


Width of the Wall is 7.25 ft


Date: 5/15/2008


Input Parameters (from Input-Output Sheet)


c cohesion 400 psf 19.152104 kPa


φ friction angle 32 degrees 32 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 7.25 feet 2.21 m


L length of foundation 320 feet 97.53 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.464 radians 0.464 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 23.18


Nc 35.49


Nγ 30.21


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.17


Fqd 1.11


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 0.22


Fqg 0.25


Fγg 0.25


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 9.2 ksf 443 kPa


qall 3.1 ksf 148 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 294


Width of the Foundation is 7.25 ft


Date: 5/15/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 94 ft 1 0 3 3 120 0.3 NA NA 450 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 8 5 120 0.3 NA NA 450 Sand N NA


Depth Interval 0.5 ft 3 8 14 6 120 0.3 NA NA 1000 Clay N NA


Footing Length 320 ft 4 14 50 36 120 0.3 NA NA 1200 Sand N NA


Footing Width 7.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 160 ft


Calculation Point offset Along Width 3.625 ft


Ground Surface Elevation 860 ft MSL


Foundation Pressure 3100 psf


Net Foundation Pressure 2740 psf Total Layer Thickness 50 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.41


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 859.75 120.00 30.00 0.00 30.00 0.30 450.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 859.25 120.00 90.00 0.00 90.00 0.30 450.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 858.75 120.00 150.00 0.00 150.00 0.30 450.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 858.25 120.00 210.00 0.00 210.00 0.30 450.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 857.75 120.00 270.00 0.00 270.00 0.30 450.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 857.25 120.00 330.00 0.00 330.00 0.30 450.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 856.75 120.00 390.00 0.00 390.00 0.30 450.00 NA NA 2675.71 Sand N 390.00 0.036


2 3.5 4 3.75 0.75 856.25 120.00 450.00 0.00 450.00 0.30 450.00 NA NA 2547.82 Sand N 450.00 0.034


2 4 4.5 4.25 1.25 855.75 120.00 510.00 0.00 510.00 0.30 450.00 NA NA 2421.97 Sand N 510.00 0.032


2 4.5 5 4.75 1.75 855.25 120.00 570.00 0.00 570.00 0.30 450.00 NA NA 2299.38 Sand N 570.00 0.031


2 5 5.5 5.25 2.25 854.75 120.00 630.00 0.00 630.00 0.30 450.00 NA NA 2181.06 Sand N 630.00 0.029


2 5.5 6 5.75 2.75 854.25 120.00 690.00 0.00 690.00 0.30 450.00 NA NA 2067.83 Sand N 690.00 0.028


2 6 6.5 6.25 3.25 853.75 120.00 750.00 0.00 750.00 0.30 450.00 NA NA 1960.26 Sand N 750.00 0.026


2 6.5 7 6.75 3.75 853.25 120.00 810.00 0.00 810.00 0.30 450.00 NA NA 1858.67 Sand N 810.00 0.025


2 7 7.5 7.25 4.25 852.75 120.00 870.00 0.00 870.00 0.30 450.00 NA NA 1763.23 Sand N 870.00 0.024


2 7.5 8 7.75 4.75 852.25 120.00 930.00 0.00 930.00 0.30 450.00 NA NA 1673.90 Sand N 930.00 0.022


3 8 8.5 8.25 5.25 851.75 120.00 990.00 0.00 990.00 0.30 1000.00 NA NA 1590.54 Clay N 990.00 0.010


3 8.5 9 8.75 5.75 851.25 120.00 1050.00 0.00 1050.00 0.30 1000.00 NA NA 1512.91 Clay N 1050.00 0.009


3 9 9.5 9.25 6.25 850.75 120.00 1110.00 0.00 1110.00 0.30 1000.00 NA NA 1440.72 Clay N 1110.00 0.009


3 9.5 10 9.75 6.75 850.25 120.00 1170.00 0.00 1170.00 0.30 1000.00 NA NA 1373.65 Clay N 1170.00 0.008


3 10 10.5 10.25 7.25 849.75 120.00 1230.00 0.00 1230.00 0.30 1000.00 NA NA 1311.33 Clay N 1230.00 0.008


3 10.5 11 10.75 7.75 849.25 120.00 1290.00 0.00 1290.00 0.30 1000.00 NA NA 1253.44 Clay N 1290.00 0.008


3 11 11.5 11.25 8.25 848.75 120.00 1350.00 0.00 1350.00 0.30 1000.00 NA NA 1199.61 Clay N 1350.00 0.007


3 11.5 12 11.75 8.75 848.25 120.00 1410.00 0.00 1410.00 0.30 1000.00 NA NA 1149.55 Clay N 1410.00 0.007


3 12 12.5 12.25 9.25 847.75 120.00 1470.00 0.00 1470.00 0.30 1000.00 NA NA 1102.92 Clay N 1470.00 0.007


3 12.5 13 12.75 9.75 847.25 120.00 1530.00 0.00 1530.00 0.30 1000.00 NA NA 1059.47 Clay N 1530.00 0.006


3 13 13.5 13.25 10.25 846.75 120.00 1590.00 0.00 1590.00 0.30 1000.00 NA NA 1018.91 Clay N 1590.00 0.006


3 13.5 14 13.75 10.75 846.25 120.00 1650.00 0.00 1650.00 0.30 1000.00 NA NA 981.01 Clay N 1650.00 0.006


4 14 14.5 14.25 11.25 845.75 120.00 1710.00 0.00 1710.00 0.30 1200.00 NA NA 945.55 Sand N 1710.00 0.005


4 14.5 15 14.75 11.75 845.25 120.00 1770.00 0.00 1770.00 0.30 1200.00 NA NA 912.32 Sand N 1770.00 0.005


4 15 15.5 15.25 12.25 844.75 120.00 1830.00 0.00 1830.00 0.30 1200.00 NA NA 881.15 Sand N 1830.00 0.004


4 15.5 16 15.75 12.75 844.25 120.00 1890.00 0.00 1890.00 0.30 1200.00 NA NA 851.87 Sand N 1890.00 0.004


4 16 16.5 16.25 13.25 843.75 120.00 1950.00 0.00 1950.00 0.30 1200.00 NA NA 824.32 Sand N 1950.00 0.004


4 16.5 17 16.75 13.75 843.25 120.00 2010.00 0.00 2010.00 0.30 1200.00 NA NA 798.36 Sand N 2010.00 0.004


4 17 17.5 17.25 14.25 842.75 120.00 2070.00 0.00 2070.00 0.30 1200.00 NA NA 773.88 Sand N 2070.00 0.004


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 294\Calculations\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW 294 (width 7.25 ft) (Elastic Modulus and 1D 
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2.351


Slope Stability Analysis
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 294 @ Station 293+00
Static Analysis


Wall Height = 12 ft
Width of the Wall = 7.25 ft


Surcharge Load = 240 psf


Name: Artificial Fill  


Unit Weight: 120 pcf


Cohesion: 400 psf


Phi: 32 °


 RW 294 


Name: Alluvium 1 


Unit Weight: 120 pcf


Cohesion: 320 psf


Phi: 37 °
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Slope Stability Analysis
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 294 @ Station 293+00
Pseudo Static Analysis
kh = 0.147


Wall Height = 12 ft
Width of the Wall = 7.25 ft


Surcharge Load = 240 psf


Name: Artificial Fill  


Unit Weight: 120 pcf


Cohesion: 400 psf


Phi: 32 °


 RW 294 


Name: Alluvium 1 


Unit Weight: 120 pcf


Cohesion: 320 psf


Phi: 37 °
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 303 - Level ground


Width of the Wall is 14.25 ft


Date: 5/19/2008


Input Parameters (from Input-Output Sheet)


c cohesion 260 psf 12.448867 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 14.25 feet 4.34 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.08


Fqd 1.06


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 58.1 ksf 2781 kPa


qall 19.4 ksf 927 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







2.419


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 260 psf
Phi: 34 °


Wall Height = 26 ft
Width of the Wall = 14.25 ft


surcharge load = 240 psf


RW 303


Slope Stability Analysis 
State Route 91 Soundwalls and Retaining Walls Project
Retaining Wall 303 @ Station 312+50
Static Analysis


Offset (feet)
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Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 260 psf
Phi: 34 °


Wall Height = 26 ft
Width of the Wall = 14.25 ft


surcharge load = 240 psf


RW 303


Slope Stability Analysis 
State Route 91 Soundwalls and Retaining Walls Project
Retaining Wall 303 @ Station 312+50
Pseudo Static Analysis
kh = 0.133


Offset (feet)
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by YSU Date 05/19/08
Project No. : 30989802 Checked by Date 05/19/08
Wall No.: RW 303


β = 26.6 deg


1


2


φ = 34 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,


 


0.41


1.97


0.64


Equivalent Fluid Pressure, EFP = K γ


0.41x18.84


= 7.7 kPa/m


= 48.7 psf/ft


1.97x18.84


= 37.1 kPa/m


= 236.3 psf/ft


0.64X18.84


= 12.0 kPa/m


= 76.6 psf/ft


Active EFP = Ka γ = 


Passive EFP = Kp γ = 


At-rest EFP = Ko γ = 


Ignore Cohesion
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 315


Length of Soil Nail is 14 ft


Date: 5/19/2008


Input Parameters (from Input-Output Sheet)


c cohesion 11000 psf 526.68285 kPa


φ friction angle 24 degrees 24 degrees


γ unit weight of soil 135 pcf 21.20 kN/m3


B width of foundation 14 feet 4.27 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 0 feet 0.00 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 9.60


Nc 19.32


Nγ 9.44


Shape Factors


Fcs 1.07


Fqs 1.06


Fγs 0.94


Depth Factors


Fcd 1.00


Fqd 1.00


Fγd 1.00


Effects of Water Table


q 0.00 psf 0.0 kPa


γ 135.00 pcf 21.195 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 235.2 ksf 11264 kPa


qall 78.4 ksf 3755 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 315 @ Station 315+50 


Static Analysis 


 


Wall Height = 22 ft 


 
 


 







Slope Stability Analysis - Retaining Wall 315 Static Analysis
File: Slope Stability Analysis - Retaining Wall 315 Static Analysis                 
                                      Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-27-2008          Time: 09:38:07     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 315 @ Station 315+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  22.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  22.7     16.0
 Second Slope from 1st slope. =   8.9     25.9
 Third Slope from 2nd slope.  =   0.0     50.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =     40.4 ft 
 End Surcharge - Distance from toe   =     90.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     135.0     24.0     11000.0      14.5    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
File: Slope Stability Analysis - Retaining Wall 315 Static Analysis                 
                                      Page -  2 
                   --------- WATER SURFACE ---------   
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Slope Stability Analysis - Retaining Wall 315 Static Analysis
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  80.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   4 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  14.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   3.0 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 315 Static Analysis                 
                                      Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe    12.020         8.0        0.0    0.8     74.1   26.3
 
  Reinf. Stress at Level  1 =  36.000 Ksi (Yield Stress controls.)   
                          2 =  36.000 Ksi (Yield Stress controls.)   
                          3 =  36.000 Ksi (Yield Stress controls.)   
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
    13.600        16.0        0.0    1.6     63.1   31.8
 
  Reinf. Stress at Level  1 =  20.895 Ksi (Pullout controls...)
                          2 =  33.773 Ksi (Pullout controls...)      
                          3 =  36.000 Ksi (Yield Stress controls.)   
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
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Slope Stability Analysis - Retaining Wall 315 Static Analysis
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
    13.110        24.0        0.0    2.4     53.9   36.7
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  17.149 Ksi (Pullout controls...)      
                          3 =  34.731 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
    13.063        32.0        0.0    3.2     47.0   42.2
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   2.968 Ksi (Pullout controls...)      
                          3 =  24.477 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
    13.356        40.0        0.0    8.0     45.1   45.3
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.763 Ksi (Pullout controls...)      
                          4 =  23.423 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
    13.445        48.0        0.0    9.6     40.0   50.1
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.000 Ksi
                          4 =  15.173 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
    13.802        56.0        0.0   11.2     35.7   55.2
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.000 Ksi
                          4 =   7.552 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
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Slope Stability Analysis - Retaining Wall 315 Static Analysis
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
    14.316        64.0        0.0   12.8     32.2   60.5
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.000 Ksi
                          4 =   0.501 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
    15.239        72.0        0.0   14.4     29.2   66.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.000 Ksi
                          4 =   0.000 Ksi
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
    16.209        80.0        0.0   16.0     26.7   71.6
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.000 Ksi
                          4 =   0.000 Ksi
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     0.000 Kips/level                             * 
      ******************************************************************** 
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Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 315 @ Station 315+50 


Pseudo Static Analysis 


kh = 0.133 


 


Wall Height = 22 ft 


 
 


 







Slope Stability Analysis - Retaining Wall 315 Pseudo Static Analysis
File: Slope Stability Analysis - Retaining Wall 315 Pseudo Static Analysis          
                                             Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-27-2008          Time: 09:40:53     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 315 @ Station 315+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  22.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  22.7     16.0
 Second Slope from 1st slope. =   8.9     25.9
 Third Slope from 2nd slope.  =   0.0     50.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =     40.4 ft 
 End Surcharge - Distance from toe   =     90.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     135.0     24.0     11000.0      14.5    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
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                   --------- EARTHQUAKE ACCELERATION ---------   
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Slope Stability Analysis - Retaining Wall 315 Pseudo Static Analysis
   
 Horizontal Earthquake Coefficient  =  0.13 (a/g) 
 Vertical Earthquake Coefficient    =  0.00       
   
                   --------- WATER SURFACE ---------   
   
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  80.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   4 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  14.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   3.0 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 315 Pseudo Static Analysis          
                                             Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe    11.487         8.0        0.0    0.8     74.1   26.3
 
  Reinf. Stress at Level  1 =  36.000 Ksi (Yield Stress controls.)   
                          2 =  36.000 Ksi (Yield Stress controls.)   
                          3 =  36.000 Ksi (Yield Stress controls.)   
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
    12.359        16.0        0.0    1.6     63.1   31.8
 
  Reinf. Stress at Level  1 =  20.895 Ksi (Pullout controls...)
                          2 =  33.773 Ksi (Pullout controls...)      
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Slope Stability Analysis - Retaining Wall 315 Pseudo Static Analysis
                          3 =  36.000 Ksi (Yield Stress controls.)   
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
    11.471        24.0        0.0    2.4     53.9   36.7
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  17.149 Ksi (Pullout controls...)      
                          3 =  34.731 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
    11.236        32.0        0.0    3.2     47.0   42.2
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   2.968 Ksi (Pullout controls...)      
                          3 =  24.477 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
    11.178        40.0        0.0    8.0     45.1   45.3
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.763 Ksi (Pullout controls...)      
                          4 =  23.423 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
    10.940        48.0        0.0    9.6     40.0   50.1
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.000 Ksi
                          4 =  15.173 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
    10.966        56.0        0.0   11.2     35.7   55.2
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Slope Stability Analysis - Retaining Wall 315 Pseudo Static Analysis
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.000 Ksi
                          4 =   7.552 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
    11.135        64.0        0.0   12.8     32.2   60.5
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.000 Ksi
                          4 =   0.501 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
    11.474        72.0        0.0   14.4     29.2   66.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.000 Ksi
                          4 =   0.000 Ksi
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
    11.852        80.0        0.0   16.0     26.7   71.6
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   0.000 Ksi
                          4 =   0.000 Ksi
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     0.000 Kips/level                             * 
      ******************************************************************** 
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by YSU Date 05/28/08
Project No. : 30989802 Checked by Date 05/28/08
Wall No.: RW 315


β = 26.6 deg


1


2


φ = 34.0 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,
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Equivalent Fluid Pressure, EFP = K γ


0.41x18.84


= 7.7 kPa/m


= 48.7 psf/ft


1.97x18.84


= 37.09641093 kPa/m


= 236.3089535 psf/ft


0.64X18.84


= 12.0 kPa/m


= 76.6 psf/ft


Active EFP = Ka γ = 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 316


Length of Soil Nail is 6 ft


Date: 4/8/2008


Input Parameters (from Input-Output Sheet)


c cohesion 350 psf 16.758091 kPa


φ friction angle 33 degrees 33 degrees


γ unit weight of soil 125 pcf 19.63 kN/m3


B width of foundation 6 feet 1.83 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 0 feet 0.00 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 26.09


Nc 38.64


Nγ 35.19


Shape Factors


Fcs 1.04


Fqs 1.04


Fγs 0.98


Depth Factors


Fcd 1.00


Fqd 1.00


Fγd 1.00


Effects of Water Table


q 0.00 psf 0.0 kPa


γ 125.00 pcf 19.625 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 26.9 ksf 1288 kPa


qall 9.0 ksf 429 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 316 @ Station 320+00 


Static Analysis 


 


Wall Height = 8 ft 


 
 


 







Slope Stability Analysis - Retaining Wall 316 Static Analysis
File: Slope Stability Analysis - Retaining Wall 316 Static Analysis                 
                                      Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-27-2008          Time: 09:49:43     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 316 @ Station 320+00
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =   8.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  19.6      6.3
 Second Slope from 1st slope. =   0.0     80.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =      5.9 ft 
 End Surcharge - Distance from toe   =     50.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     125.0     33.0     350.0       7.3    0.0    0.0    0.0    0.0
  2     135.0     24.0     11000.0      14.5    0.0   -2.4   80.0   -2.4
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
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                                      Page -  2 
                   --------- WATER SURFACE ---------   
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Slope Stability Analysis - Retaining Wall 316 Static Analysis
   
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   2 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =   6.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   1.5 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 316 Static Analysis                 
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           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     3.782         6.0       29.3    2.1     65.2   10.0
 
  Reinf. Stress at Level  1 =   5.590 Ksi (Pullout controls...)
                          2 =  11.509 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     2.552        12.0       40.1   15.7     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  12.812 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
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Slope Stability Analysis - Retaining Wall 316 Static Analysis
     2.948        18.0       29.3   20.6     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  11.494 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     3.351        24.0        0.0    4.8     27.8   21.7
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   2.094 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     3.801        30.0        0.0    6.0     22.9   26.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.569 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     4.399        36.0        0.0    7.2     19.3   30.5
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.569 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     4.980        42.0        0.0    4.2     15.0   39.1
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   2.582 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     5.515        48.0        0.0    4.8     13.2   44.4
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   1.642 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
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Slope Stability Analysis - Retaining Wall 316 Static Analysis
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     6.110        54.0        0.0    5.4     11.8   49.6
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.819 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     6.799        60.0        0.0    6.0     10.6   54.9
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.569 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     0.000 Kips/level                             * 
      ******************************************************************** 
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Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 316 @ Station 320+00 


Pseudo Static Analysis 


kh = 0.133 


 


Wall Height = 8 ft 


 
 


 







Slope Stability Analysis - Retaining Wall 316 Pseudo Static Analysis
File: Slope Stability Analysis - Retaining Wall 316 Pseudo Static Analysis          
                                             Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-27-2008          Time: 09:51:42     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 316 @ Station 320+00
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =   8.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  19.6      6.3
 Second Slope from 1st slope. =   0.0     80.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =      5.9 ft 
 End Surcharge - Distance from toe   =     50.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     125.0     33.0     350.0       7.3    0.0    0.0    0.0    0.0
  2     135.0     24.0     11000.0      14.5    0.0   -2.4   80.0   -2.4
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
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                                             Page -  2 
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Slope Stability Analysis - Retaining Wall 316 Pseudo Static Analysis
                   --------- EARTHQUAKE ACCELERATION ---------   
   
 Horizontal Earthquake Coefficient  =  0.13 (a/g) 
 Vertical Earthquake Coefficient    =  0.00       
   
                   --------- WATER SURFACE ---------   
   
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   2 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =   6.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   1.5 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 316 Pseudo Static Analysis          
                                             Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     3.070         6.0       45.3    8.5     89.9    4.0
 
  Reinf. Stress at Level  1 =   2.060 Ksi (Pullout controls...)
                          2 =  13.325 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     2.026        12.0       40.1   15.7     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  12.812 Ksi (Pullout controls...)      
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Slope Stability Analysis - Retaining Wall 316 Pseudo Static Analysis
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     2.193        18.0       29.3   20.6     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  11.494 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     2.459        24.0       22.9   26.0     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  10.432 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     2.664        30.0        0.0    6.0     22.9   26.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.569 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     2.898        36.0        0.0    7.2     19.3   30.5
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.569 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     3.118        42.0        0.0    8.4     16.8   35.1
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.569 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     3.293        48.0        0.0    4.8     13.2   44.4
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  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   1.642 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     3.500        54.0        0.0    5.4     11.8   49.6
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.819 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     3.719        60.0        0.0    6.0     10.6   54.9
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.569 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     0.000 Kips/level                             * 
      ******************************************************************** 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 321


Width of the wall is 12.08 ft


Date: 4/7/2008


Input Parameters (from Input-Output Sheet)


c cohesion 11000 psf 526.68285 kPa


φ friction angle 24 degrees 24 degrees


γ unit weight of soil 135 pcf 21.20 kN/m3


B width of foundation 12.08 feet 3.68 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 9.60


Nc 19.32


Nγ 9.44


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 1.00


Depth Factors


Fcd 1.10


Fqd 1.08


Fγd 1.00


Effects of Water Table


q 405.00 psf 19.4 kPa


γ 135.00 pcf 21.195 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 246.4 ksf 11798 kPa


qall 82.1 ksf 3933 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 321


Width of the Foundation is 12.08 ft


Date: 1/25/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 108 ft 1 0 3 3 125 0.3 NA NA 900 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 7 4 125 0.3 NA NA 900 Sand N NA


Depth Interval 0.5 ft 3 7 27 20 135 0.3 NA NA 2500 Sand N NA


Footing Length 100 ft


Footing Width 12.08 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 6.04 ft


Ground Surface Elevation 877 ft MSL


Foundation Pressure 7000 psf


Net Foundation Pressure 6625 psf Total Layer Thickness 27 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.55


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 876.75 125.00 31.25 0.00 31.25 0.30 900.00 NA NA 0.00 Sand N 31.25 0.000


1 0.5 1 0.75 0 876.25 125.00 93.75 0.00 93.75 0.30 900.00 NA NA 0.00 Sand N 93.75 0.000


1 1 1.5 1.25 0 875.75 125.00 156.25 0.00 156.25 0.30 900.00 NA NA 0.00 Sand N 156.25 0.000


1 1.5 2 1.75 0 875.25 125.00 218.75 0.00 218.75 0.30 900.00 NA NA 0.00 Sand N 218.75 0.000


1 2 2.5 2.25 0 874.75 125.00 281.25 0.00 281.25 0.30 900.00 NA NA 0.00 Sand N 281.25 0.000


1 2.5 3 2.75 0 874.25 125.00 343.75 0.00 343.75 0.30 900.00 NA NA 0.00 Sand N 343.75 0.000


2 3 3.5 3.25 0.25 873.75 125.00 406.25 0.00 406.25 0.30 900.00 NA NA 6531.03 Sand N 406.25 0.044


2 3.5 4 3.75 0.75 873.25 125.00 468.75 0.00 468.75 0.30 900.00 NA NA 6343.44 Sand N 468.75 0.042


2 4 4.5 4.25 1.25 872.75 125.00 531.25 0.00 531.25 0.30 900.00 NA NA 6156.94 Sand N 531.25 0.041


2 4.5 5 4.75 1.75 872.25 125.00 593.75 0.00 593.75 0.30 900.00 NA NA 5972.22 Sand N 593.75 0.040


2 5 5.5 5.25 2.25 871.75 125.00 656.25 0.00 656.25 0.30 900.00 NA NA 5789.94 Sand N 656.25 0.039


2 5.5 6 5.75 2.75 871.25 125.00 718.75 0.00 718.75 0.30 900.00 NA NA 5610.69 Sand N 718.75 0.037


2 6 6.5 6.25 3.25 870.75 125.00 781.25 0.00 781.25 0.30 900.00 NA NA 5435.02 Sand N 781.25 0.036


2 6.5 7 6.75 3.75 870.25 125.00 843.75 0.00 843.75 0.30 900.00 NA NA 5263.40 Sand N 843.75 0.035


3 7 7.5 7.25 4.25 869.75 135.00 908.75 0.00 908.75 0.30 2500.00 NA NA 5096.22 Sand N 908.75 0.012


3 7.5 8 7.75 4.75 869.25 135.00 976.25 0.00 976.25 0.30 2500.00 NA NA 4933.80 Sand N 976.25 0.012


3 8 8.5 8.25 5.25 868.75 135.00 1043.75 0.00 1043.75 0.30 2500.00 NA NA 4776.40 Sand N 1043.75 0.011


3 8.5 9 8.75 5.75 868.25 135.00 1111.25 0.00 1111.25 0.30 2500.00 NA NA 4624.18 Sand N 1111.25 0.011


3 9 9.5 9.25 6.25 867.75 135.00 1178.75 0.00 1178.75 0.30 2500.00 NA NA 4477.26 Sand N 1178.75 0.011


3 9.5 10 9.75 6.75 867.25 135.00 1246.25 0.00 1246.25 0.30 2500.00 NA NA 4335.69 Sand N 1246.25 0.010


3 10 10.5 10.25 7.25 866.75 135.00 1313.75 0.00 1313.75 0.30 2500.00 NA NA 4199.48 Sand N 1313.75 0.010


3 10.5 11 10.75 7.75 866.25 135.00 1381.25 0.00 1381.25 0.30 2500.00 NA NA 4068.59 Sand N 1381.25 0.010


3 11 11.5 11.25 8.25 865.75 135.00 1448.75 0.00 1448.75 0.30 2500.00 NA NA 3942.94 Sand N 1448.75 0.009


3 11.5 12 11.75 8.75 865.25 135.00 1516.25 0.00 1516.25 0.30 2500.00 NA NA 3822.42 Sand N 1516.25 0.009


3 12 12.5 12.25 9.25 864.75 135.00 1583.75 0.00 1583.75 0.30 2500.00 NA NA 3706.89 Sand N 1583.75 0.009


3 12.5 13 12.75 9.75 864.25 135.00 1651.25 0.00 1651.25 0.30 2500.00 NA NA 3596.22 Sand N 1651.25 0.009


3 13 13.5 13.25 10.25 863.75 135.00 1718.75 0.00 1718.75 0.30 2500.00 NA NA 3490.23 Sand N 1718.75 0.008


3 13.5 14 13.75 10.75 863.25 135.00 1786.25 0.00 1786.25 0.30 2500.00 NA NA 3388.76 Sand N 1786.25 0.008


3 14 14.5 14.25 11.25 862.75 135.00 1853.75 0.00 1853.75 0.30 2500.00 NA NA 3291.61 Sand N 1853.75 0.008


3 14.5 15 14.75 11.75 862.25 135.00 1921.25 0.00 1921.25 0.30 2500.00 NA NA 3198.62 Sand N 1921.25 0.008


3 15 15.5 15.25 12.25 861.75 135.00 1988.75 0.00 1988.75 0.30 2500.00 NA NA 3109.60 Sand N 1988.75 0.007


3 15.5 16 15.75 12.75 861.25 135.00 2056.25 0.00 2056.25 0.30 2500.00 NA NA 3024.36 Sand N 2056.25 0.007


3 16 16.5 16.25 13.25 860.75 135.00 2123.75 0.00 2123.75 0.30 2500.00 NA NA 2942.74 Sand N 2123.75 0.007


3 16.5 17 16.75 13.75 860.25 135.00 2191.25 0.00 2191.25 0.30 2500.00 NA NA 2864.55 Sand N 2191.25 0.007


3 17 17.5 17.25 14.25 859.75 135.00 2258.75 0.00 2258.75 0.30 2500.00 NA NA 2789.64 Sand N 2258.75 0.007


3 17.5 18 17.75 14.75 859.25 135.00 2326.25 0.00 2326.25 0.30 2500.00 NA NA 2717.83 Sand N 2326.25 0.007


3 18 18.5 18.25 15.25 858.75 135.00 2393.75 0.00 2393.75 0.30 2500.00 NA NA 2648.98 Sand N 2393.75 0.006


3 18.5 19 18.75 15.75 858.25 135.00 2461.25 0.00 2461.25 0.30 2500.00 NA NA 2582.93 Sand N 2461.25 0.006


3 19 19.5 19.25 16.25 857.75 135.00 2528.75 0.00 2528.75 0.30 2500.00 NA NA 2519.55 Sand N 2528.75 0.006


3 19.5 20 19.75 16.75 857.25 135.00 2596.25 0.00 2596.25 0.30 2500.00 NA NA 2458.70 Sand N 2596.25 0.006


3 20 20.5 20.25 17.25 856.75 135.00 2663.75 0.00 2663.75 0.30 2500.00 NA NA 2400.24 Sand N 2663.75 0.006


3 20.5 21 20.75 17.75 856.25 135.00 2731.25 0.00 2731.25 0.30 2500.00 NA NA 2344.07 Sand N 2731.25 0.006


Estimated settlement = 0.548


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 321\Calculations\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW321 (width 12.08ft) (Elastic Modulus and 1D 
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16.582


Name: Alluvium 


Unit Weight: 125 pcf


Cohesion: 350 psf


Phi: 33 °


Wall Height = 22 ft
Width of the Wall = 12 ft


Name: Bedrock 


Unit Weight: 135 pcf


Cohesion: 11000 psf


Phi: 24 °


Slope Stability Analysis 
State Route 91 Soundwalls and Retaining Walls Project
Retaining Wall 321 @ Station 321+50
Static Analysis


Surcharge Load = 240 psf


Distance (feet)
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12.185


Name: Alluvium 


Unit Weight: 125 pcf


Cohesion: 350 psf


Phi: 33 °


Wall Height = 22 ft
Width of the Wall = 12 ft


Name: Bedrock 


Unit Weight: 135 pcf


Cohesion: 11000 psf


Phi: 24 °


Slope Stability Analysis 
State Route 91 Soundwalls and Retaining Walls Project
Retaining Wall 321 @ Station 321+50
Pseudo Static Analysis
kh = 0.133


Surcharge Load = 240 psf


Distance (feet)


-190 -180 -170 -160 -150 -140 -130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20


E
le


v
a
ti
o
n
 (


ft
 M


S
L
)


880


890


900


910


920


930


940







3.003


Name: Alluvium 


Unit Weight: 125 pcf


Cohesion: 350 psf


Phi: 33 °


Wall Height = 16 ft


Width of the Wall = 9 ft


Name: Bedrock 


Unit Weight: 135 pcf


Cohesion: 11000 psf


Phi: 24 °


Slope Stability Analysis 


State Route 91 Soundwalls and Retaining Walls Project


Retaining Wall 321 @ Station 331+50


Static Analysis


Surcharge Load = 240 psf


Distance (feet)
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2.422


Name: Alluvium 


Unit Weight: 125 pcf


Cohesion: 350 psf


Phi: 33 °


Wall Height = 16 ft


Width of the Wall = 9 ft


Name: Bedrock 


Unit Weight: 135 pcf


Cohesion: 11000 psf


Phi: 24 °


Slope Stability Analysis 


State Route 91 Soundwalls and Retaining Walls Project


Retaining Wall 321 @ Station 331+50


Pseduo Static Analysis


kh = 0.133


Surcharge Load = 240 psf


Distance (feet)


-150 -140 -130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by YSU Date 05/23/08
Project No. : 30989802 Checked by Date 05/23/08
Wall No.: RW 321


β = 23.5 deg


1


2.3


φ = 34 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,


 


0.37


2.29


0.62


Equivalent Fluid Pressure, EFP = K γ


0.37x18.84


= 6.9 kPa/m


= 44.1 psf/ft


2.29x18.84


= 43.08 kPa/m


= 274.4 psf/ft


0.62X18.84


= 11.6 kPa/m


= 74.0 psf/ft


Active EFP = Ka γ = 


Passive EFP = Kp γ = 


At-rest EFP = Ko γ = 


Ignore Cohesion
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 322 - Level ground


Width of the Wall is 8 ft


Date: 5/15/2008


Input Parameters (from Input-Output Sheet)


c cohesion 350 psf 16.758091 kPa


φ friction angle 36 degrees 36 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 8 feet 2.44 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 37.75


Nc 50.59


Nγ 56.31


Shape Factors


Fcs 1.06


Fqs 1.06


Fγs 0.97


Depth Factors


Fcd 1.15


Fqd 1.09


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 63.3 ksf 3032 kPa


qall 21.1 ksf 1011 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 322


Width of the Foundation is 8 ft


Date: 5/15/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 102 ft 1 0 3 3 120 0.3 NA NA 1200 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 19 16 120 0.3 NA NA 1200 Clay N NA


Depth Interval 0.5 ft


Footing Length 100 ft


Footing Width 8 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 4 ft


Ground Surface Elevation 888 ft MSL


Foundation Pressure 4500 psf


Net Foundation Pressure 4140 psf Total Layer Thickness 19 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.35


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 887.75 120.00 30.00 0.00 30.00 0.30 1200.00 NA NA 0.00 Clay N 30.00 0.000


1 0.5 1 0.75 0 887.25 120.00 90.00 0.00 90.00 0.30 1200.00 NA NA 0.00 Clay N 90.00 0.000


1 1 1.5 1.25 0 886.75 120.00 150.00 0.00 150.00 0.30 1200.00 NA NA 0.00 Clay N 150.00 0.000


1 1.5 2 1.75 0 886.25 120.00 210.00 0.00 210.00 0.30 1200.00 NA NA 0.00 Clay N 210.00 0.000


1 2 2.5 2.25 0 885.75 120.00 270.00 0.00 270.00 0.30 1200.00 NA NA 0.00 Clay N 270.00 0.000


1 2.5 3 2.75 0 885.25 120.00 330.00 0.00 330.00 0.30 1200.00 NA NA 0.00 Clay N 330.00 0.000


2 3 3.5 3.25 0.25 884.75 120.00 390.00 0.00 390.00 0.30 1200.00 NA NA 4051.70 Clay N 390.00 0.020


2 3.5 4 3.75 0.75 884.25 120.00 450.00 0.00 450.00 0.30 1200.00 NA NA 3875.89 Clay N 450.00 0.019


2 4 4.5 4.25 1.25 883.75 120.00 510.00 0.00 510.00 0.30 1200.00 NA NA 3702.37 Clay N 510.00 0.019


2 4.5 5 4.75 1.75 883.25 120.00 570.00 0.00 570.00 0.30 1200.00 NA NA 3532.57 Clay N 570.00 0.018


2 5 5.5 5.25 2.25 882.75 120.00 630.00 0.00 630.00 0.30 1200.00 NA NA 3367.69 Clay N 630.00 0.017


2 5.5 6 5.75 2.75 882.25 120.00 690.00 0.00 690.00 0.30 1200.00 NA NA 3208.74 Clay N 690.00 0.016


2 6 6.5 6.25 3.25 881.75 120.00 750.00 0.00 750.00 0.30 1200.00 NA NA 3056.48 Clay N 750.00 0.015


2 6.5 7 6.75 3.75 881.25 120.00 810.00 0.00 810.00 0.30 1200.00 NA NA 2911.44 Clay N 810.00 0.015


2 7 7.5 7.25 4.25 880.75 120.00 870.00 0.00 870.00 0.30 1200.00 NA NA 2773.92 Clay N 870.00 0.014


2 7.5 8 7.75 4.75 880.25 120.00 930.00 0.00 930.00 0.30 1200.00 NA NA 2644.03 Clay N 930.00 0.013


2 8 8.5 8.25 5.25 879.75 120.00 990.00 0.00 990.00 0.30 1200.00 NA NA 2521.71 Clay N 990.00 0.013


2 8.5 9 8.75 5.75 879.25 120.00 1050.00 0.00 1050.00 0.30 1200.00 NA NA 2406.81 Clay N 1050.00 0.012


2 9 9.5 9.25 6.25 878.75 120.00 1110.00 0.00 1110.00 0.30 1200.00 NA NA 2299.05 Clay N 1110.00 0.011


2 9.5 10 9.75 6.75 878.25 120.00 1170.00 0.00 1170.00 0.30 1200.00 NA NA 2198.10 Clay N 1170.00 0.011


2 10 10.5 10.25 7.25 877.75 120.00 1230.00 0.00 1230.00 0.30 1200.00 NA NA 2103.61 Clay N 1230.00 0.011


2 10.5 11 10.75 7.75 877.25 120.00 1290.00 0.00 1290.00 0.30 1200.00 NA NA 2015.19 Clay N 1290.00 0.010


2 11 11.5 11.25 8.25 876.75 120.00 1350.00 0.00 1350.00 0.30 1200.00 NA NA 1932.44 Clay N 1350.00 0.010


2 11.5 12 11.75 8.75 876.25 120.00 1410.00 0.00 1410.00 0.30 1200.00 NA NA 1854.98 Clay N 1410.00 0.009


2 12 12.5 12.25 9.25 875.75 120.00 1470.00 0.00 1470.00 0.30 1200.00 NA NA 1782.43 Clay N 1470.00 0.009


2 12.5 13 12.75 9.75 875.25 120.00 1530.00 0.00 1530.00 0.30 1200.00 NA NA 1714.44 Clay N 1530.00 0.009


2 13 13.5 13.25 10.25 874.75 120.00 1590.00 0.00 1590.00 0.30 1200.00 NA NA 1650.66 Clay N 1590.00 0.008


2 13.5 14 13.75 10.75 874.25 120.00 1650.00 0.00 1650.00 0.30 1200.00 NA NA 1590.78 Clay N 1650.00 0.008


2 14 14.5 14.25 11.25 873.75 120.00 1710.00 0.00 1710.00 0.30 1200.00 NA NA 1534.51 Clay N 1710.00 0.008


2 14.5 15 14.75 11.75 873.25 120.00 1770.00 0.00 1770.00 0.30 1200.00 NA NA 1481.57 Clay N 1770.00 0.007


2 15 15.5 15.25 12.25 872.75 120.00 1830.00 0.00 1830.00 0.30 1200.00 NA NA 1431.71 Clay N 1830.00 0.007


2 15.5 16 15.75 12.75 872.25 120.00 1890.00 0.00 1890.00 0.30 1200.00 NA NA 1384.70 Clay N 1890.00 0.007


2 16 16.5 16.25 13.25 871.75 120.00 1950.00 0.00 1950.00 0.30 1200.00 NA NA 1340.32 Clay N 1950.00 0.007


2 16.5 17 16.75 13.75 871.25 120.00 2010.00 0.00 2010.00 0.30 1200.00 NA NA 1298.39 Clay N 2010.00 0.006


2 17 17.5 17.25 14.25 870.75 120.00 2070.00 0.00 2070.00 0.30 1200.00 NA NA 1258.71 Clay N 2070.00 0.006


2 17.5 18 17.75 14.75 870.25 120.00 2130.00 0.00 2130.00 0.30 1200.00 NA NA 1221.14 Clay N 2130.00 0.006


2 18 18.5 18.25 15.25 869.75 120.00 2190.00 0.00 2190.00 0.30 1200.00 NA NA 1185.50 Clay N 2190.00 0.006


2 18.5 19 18.75 15.75 869.25 120.00 2250.00 0.00 2250.00 0.30 1200.00 NA NA 1151.68 Clay N 2250.00 0.006


Estimated settlement = 0.352


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 322\Calculations\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW322 (width 8.0 ft) (Elastic Modulus and 1D 
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3.502


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 350 psf
Phi: 36 °


Wall Height = 14 ft
Width of the Wall = 8.0 ft


RW 322


Slope Stability Analysis 
State Route 91 Soundwalls and Retaining Walls Project
Retaining Wall 322 @ Station 329+00
Static Analysis


Surcharge Load = 240 psf


Offset (feet)
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2.820


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 350 psf
Phi: 36 °


Wall Height = 14 ft
Width of the Wall = 8.0 ft


RW 322


Slope Stability Analysis 
State Route 91 Soundwalls and Retaining Walls Project
Retaining Wall 322 @ Station 329+00
Pseudo Static Analysis
kh = 0.133


Surcharge Load = 240 psf


Offset (feet)
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by YSU Date 05/23/08
Project No. : 30989802 Checked by Date 05/23/08
Wall No.: RW 322


β = 26.6 deg


1


2


φ = 34 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,


 


0.41


1.97


0.64


Equivalent Fluid Pressure, EFP = K γ


0.41x18.84


= 7.7 kPa/m


= 48.7 psf/ft


1.97x18.84


= 37.1 kPa/m


= 236.3 psf/ft


0.64X18.84


= 12.0 kPa/m


= 76.6 psf/ft


Active EFP = Ka γ = 


Passive EFP = Kp γ = 


At-rest EFP = Ko γ = 


Ignore Cohesion
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 337 - sloping Ground


Width of the Wall is 8 ft


Date: 5/22/2008


Input Parameters (from Input-Output Sheet)


c cohesion 750 psf 35.910194 kPa


φ friction angle 35 degrees 35 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 8 feet 2.44 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.464 radians 0.464 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 33.30


Nc 46.12


Nγ 48.03


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 1.00


Depth Factors


Fcd 1.15


Fqd 1.10


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 0.23


Fqg 0.25


Fγg 0.25


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 18.1 ksf 868 kPa


qall 6.0 ksf 289 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 337


Width of the Foundation is 8 ft


Date: 5/22/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 87 ft 1 0 3 3 120 0.3 NA NA 900 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 29 26 120 0.3 NA NA 900 Sand N NA


Depth Interval 0.5 ft


Footing Length 100 ft


Footing Width 8 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 4 ft


Ground Surface Elevation 867 ft MSL


Foundation Pressure 6000 psf


Net Foundation Pressure 5640 psf Total Layer Thickness 29 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.64


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 866.75 120.00 30.00 0.00 30.00 0.30 900.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 866.25 120.00 90.00 0.00 90.00 0.30 900.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 865.75 120.00 150.00 0.00 150.00 0.30 900.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 865.25 120.00 210.00 0.00 210.00 0.30 900.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 864.75 120.00 270.00 0.00 270.00 0.30 900.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 864.25 120.00 330.00 0.00 330.00 0.30 900.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 863.75 120.00 390.00 0.00 390.00 0.30 900.00 NA NA 5519.71 Sand N 390.00 0.037


2 3.5 4 3.75 0.75 863.25 120.00 450.00 0.00 450.00 0.30 900.00 NA NA 5280.19 Sand N 450.00 0.035


2 4 4.5 4.25 1.25 862.75 120.00 510.00 0.00 510.00 0.30 900.00 NA NA 5043.81 Sand N 510.00 0.034


2 4.5 5 4.75 1.75 862.25 120.00 570.00 0.00 570.00 0.30 900.00 NA NA 4812.48 Sand N 570.00 0.032


2 5 5.5 5.25 2.25 861.75 120.00 630.00 0.00 630.00 0.30 900.00 NA NA 4587.86 Sand N 630.00 0.031


2 5.5 6 5.75 2.75 861.25 120.00 690.00 0.00 690.00 0.30 900.00 NA NA 4371.33 Sand N 690.00 0.029


2 6 6.5 6.25 3.25 860.75 120.00 750.00 0.00 750.00 0.30 900.00 NA NA 4163.90 Sand N 750.00 0.028


2 6.5 7 6.75 3.75 860.25 120.00 810.00 0.00 810.00 0.30 900.00 NA NA 3966.31 Sand N 810.00 0.026


2 7 7.5 7.25 4.25 859.75 120.00 870.00 0.00 870.00 0.30 900.00 NA NA 3778.97 Sand N 870.00 0.025


2 7.5 8 7.75 4.75 859.25 120.00 930.00 0.00 930.00 0.30 900.00 NA NA 3602.01 Sand N 930.00 0.024


2 8 8.5 8.25 5.25 858.75 120.00 990.00 0.00 990.00 0.30 900.00 NA NA 3435.38 Sand N 990.00 0.023


2 8.5 9 8.75 5.75 858.25 120.00 1050.00 0.00 1050.00 0.30 900.00 NA NA 3278.84 Sand N 1050.00 0.022


2 9 9.5 9.25 6.25 857.75 120.00 1110.00 0.00 1110.00 0.30 900.00 NA NA 3132.04 Sand N 1110.00 0.021


2 9.5 10 9.75 6.75 857.25 120.00 1170.00 0.00 1170.00 0.30 900.00 NA NA 2994.52 Sand N 1170.00 0.020


2 10 10.5 10.25 7.25 856.75 120.00 1230.00 0.00 1230.00 0.30 900.00 NA NA 2865.79 Sand N 1230.00 0.019


2 10.5 11 10.75 7.75 856.25 120.00 1290.00 0.00 1290.00 0.30 900.00 NA NA 2745.33 Sand N 1290.00 0.018


2 11 11.5 11.25 8.25 855.75 120.00 1350.00 0.00 1350.00 0.30 900.00 NA NA 2632.60 Sand N 1350.00 0.018


2 11.5 12 11.75 8.75 855.25 120.00 1410.00 0.00 1410.00 0.30 900.00 NA NA 2527.07 Sand N 1410.00 0.017


2 12 12.5 12.25 9.25 854.75 120.00 1470.00 0.00 1470.00 0.30 900.00 NA NA 2428.24 Sand N 1470.00 0.016


2 12.5 13 12.75 9.75 854.25 120.00 1530.00 0.00 1530.00 0.30 900.00 NA NA 2335.61 Sand N 1530.00 0.016


2 13 13.5 13.25 10.25 853.75 120.00 1590.00 0.00 1590.00 0.30 900.00 NA NA 2248.73 Sand N 1590.00 0.015


2 13.5 14 13.75 10.75 853.25 120.00 1650.00 0.00 1650.00 0.30 900.00 NA NA 2167.15 Sand N 1650.00 0.014


2 14 14.5 14.25 11.25 852.75 120.00 1710.00 0.00 1710.00 0.30 900.00 NA NA 2090.49 Sand N 1710.00 0.014


2 14.5 15 14.75 11.75 852.25 120.00 1770.00 0.00 1770.00 0.30 900.00 NA NA 2018.37 Sand N 1770.00 0.013


2 15 15.5 15.25 12.25 851.75 120.00 1830.00 0.00 1830.00 0.30 900.00 NA NA 1950.45 Sand N 1830.00 0.013


2 15.5 16 15.75 12.75 851.25 120.00 1890.00 0.00 1890.00 0.30 900.00 NA NA 1886.40 Sand N 1890.00 0.013


2 16 16.5 16.25 13.25 850.75 120.00 1950.00 0.00 1950.00 0.30 900.00 NA NA 1825.95 Sand N 1950.00 0.012


2 16.5 17 16.75 13.75 850.25 120.00 2010.00 0.00 2010.00 0.30 900.00 NA NA 1768.82 Sand N 2010.00 0.012


2 17 17.5 17.25 14.25 849.75 120.00 2070.00 0.00 2070.00 0.30 900.00 NA NA 1714.77 Sand N 2070.00 0.011


2 17.5 18 17.75 14.75 849.25 120.00 2130.00 0.00 2130.00 0.30 900.00 NA NA 1663.58 Sand N 2130.00 0.011


2 18 18.5 18.25 15.25 848.75 120.00 2190.00 0.00 2190.00 0.30 900.00 NA NA 1615.03 Sand N 2190.00 0.011


2 18.5 19 18.75 15.75 848.25 120.00 2250.00 0.00 2250.00 0.30 900.00 NA NA 1568.96 Sand N 2250.00 0.010


Estimated Settlement 0.64


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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2.659


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 750 psf


Phi: 35 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 250 psf


Phi: 35 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 337@339+00 


Static Analysis


Surcharge Load = 240 psf


Wall Height = 14 ft


Wall Width = 8 ft


Wall 337


Distance (ft)
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2.018


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 750 psf


Phi: 35 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 250 psf


Phi: 35 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 337@339+00 


Pseudo Static Analysis


kh = 0.147


Surcharge Load = 240 psf


Wall Height = 14 ft


Wall Width = 8 ft


Wall 337


Distance (ft)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 338 - Sloping ground


Width of the Wall is 9 ft


Date: 3/17/2008


Input Parameters (from Input-Output Sheet)


c cohesion 400 psf 19.152104 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 9 feet 2.74 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.464 radians 0.464 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.06


Fqs 1.06


Fγs 0.96


Depth Factors


Fcd 1.13


Fqd 1.09


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 0.22


Fqg 0.25


Fγg 0.25


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 12.9 ksf 620 kPa


qall 4.3 ksf 207 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 338


Width of the Foundation is 9 ft


Date: 5/23/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 682 ft 1 0 3 3 120 0.3 NA NA 900 Clay O NA


Unit Weight of Water 62.4 lb/ft3 2 3 10 7 120 0.3 NA NA 900 Clay O NA


Depth Interval 0.5 ft 3 10 42 32 120 0.3 NA NA 1100 Sand N NA


Footing Length 100 ft


Footing Width 9 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 4.5 ft


Ground Surface Elevation 842 ft MSL


Foundation Pressure 4300 psf


Net Foundation Pressure 3940 psf Total Layer Thickness 42 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.46


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 841.75 120.00 30.00 0.00 30.00 0.30 900.00 NA NA 0.00 Clay O NA 0.000


1 0.5 1 0.75 0 841.25 120.00 90.00 0.00 90.00 0.30 900.00 NA NA 0.00 Clay O NA 0.000


1 1 1.5 1.25 0 840.75 120.00 150.00 0.00 150.00 0.30 900.00 NA NA 0.00 Clay O NA 0.000


1 1.5 2 1.75 0 840.25 120.00 210.00 0.00 210.00 0.30 900.00 NA NA 0.00 Clay O NA 0.000


1 2 2.5 2.25 0 839.75 120.00 270.00 0.00 270.00 0.30 900.00 NA NA 0.00 Clay O NA 0.000


1 2.5 3 2.75 0 839.25 120.00 330.00 0.00 330.00 0.30 900.00 NA NA 0.00 Clay O NA 0.000


2 3 3.5 3.25 0.25 838.75 120.00 390.00 0.00 390.00 0.30 900.00 NA NA 3865.24 Clay O NA 0.026


2 3.5 4 3.75 0.75 838.25 120.00 450.00 0.00 450.00 0.30 900.00 NA NA 3716.23 Clay O NA 0.025


2 4 4.5 4.25 1.25 837.75 120.00 510.00 0.00 510.00 0.30 900.00 NA NA 3568.77 Clay O NA 0.024


2 4.5 5 4.75 1.75 837.25 120.00 570.00 0.00 570.00 0.30 900.00 NA NA 3423.82 Clay O NA 0.023


2 5 5.5 5.25 2.25 836.75 120.00 630.00 0.00 630.00 0.30 900.00 NA NA 3282.24 Clay O NA 0.022


2 5.5 6 5.75 2.75 836.25 120.00 690.00 0.00 690.00 0.30 900.00 NA NA 3144.76 Clay O NA 0.021


2 6 6.5 6.25 3.25 835.75 120.00 750.00 0.00 750.00 0.30 900.00 NA NA 3011.99 Clay O NA 0.020


2 6.5 7 6.75 3.75 835.25 120.00 810.00 0.00 810.00 0.30 900.00 NA NA 2884.39 Clay O NA 0.019


2 7 7.5 7.25 4.25 834.75 120.00 870.00 0.00 870.00 0.30 900.00 NA NA 2762.26 Clay O NA 0.018


2 7.5 8 7.75 4.75 834.25 120.00 930.00 0.00 930.00 0.30 900.00 NA NA 2645.80 Clay O NA 0.018


2 8 8.5 8.25 5.25 833.75 120.00 990.00 0.00 990.00 0.30 900.00 NA NA 2535.08 Clay O NA 0.017


2 8.5 9 8.75 5.75 833.25 120.00 1050.00 0.00 1050.00 0.30 900.00 NA NA 2430.07 Clay O NA 0.016


2 9 9.5 9.25 6.25 832.75 120.00 1110.00 0.00 1110.00 0.30 900.00 NA NA 2330.67 Clay O NA 0.016


2 9.5 10 9.75 6.75 832.25 120.00 1170.00 0.00 1170.00 0.30 900.00 NA NA 2236.74 Clay O NA 0.015


3 10 10.5 10.25 7.25 831.75 120.00 1230.00 0.00 1230.00 0.30 1100.00 NA NA 2148.06 Sand N 1230.00 0.012


3 10.5 11 10.75 7.75 831.25 120.00 1290.00 0.00 1290.00 0.30 1100.00 NA NA 2064.40 Sand N 1290.00 0.011


3 11 11.5 11.25 8.25 830.75 120.00 1350.00 0.00 1350.00 0.30 1100.00 NA NA 1985.51 Sand N 1350.00 0.011


3 11.5 12 11.75 8.75 830.25 120.00 1410.00 0.00 1410.00 0.30 1100.00 NA NA 1911.14 Sand N 1410.00 0.010


3 12 12.5 12.25 9.25 829.75 120.00 1470.00 0.00 1470.00 0.30 1100.00 NA NA 1841.02 Sand N 1470.00 0.010


3 12.5 13 12.75 9.75 829.25 120.00 1530.00 0.00 1530.00 0.30 1100.00 NA NA 1774.89 Sand N 1530.00 0.010


3 13 13.5 13.25 10.25 828.75 120.00 1590.00 0.00 1590.00 0.30 1100.00 NA NA 1712.51 Sand N 1590.00 0.009


3 13.5 14 13.75 10.75 828.25 120.00 1650.00 0.00 1650.00 0.30 1100.00 NA NA 1653.62 Sand N 1650.00 0.009


3 14 14.5 14.25 11.25 827.75 120.00 1710.00 0.00 1710.00 0.30 1100.00 NA NA 1598.00 Sand N 1710.00 0.009


3 14.5 15 14.75 11.75 827.25 120.00 1770.00 0.00 1770.00 0.30 1100.00 NA NA 1545.43 Sand N 1770.00 0.008


3 15 15.5 15.25 12.25 826.75 120.00 1830.00 0.00 1830.00 0.30 1100.00 NA NA 1495.70 Sand N 1830.00 0.008


3 15.5 16 15.75 12.75 826.25 120.00 1890.00 0.00 1890.00 0.30 1100.00 NA NA 1448.63 Sand N 1890.00 0.008


3 16 16.5 16.25 13.25 825.75 120.00 1950.00 0.00 1950.00 0.30 1100.00 NA NA 1404.03 Sand N 1950.00 0.008


3 16.5 17 16.75 13.75 825.25 120.00 2010.00 0.00 2010.00 0.30 1100.00 NA NA 1361.74 Sand N 2010.00 0.007


3 17 17.5 17.25 14.25 824.75 120.00 2070.00 0.00 2070.00 0.30 1100.00 NA NA 1321.60 Sand N 2070.00 0.007


3 17.5 18 17.75 14.75 824.25 120.00 2130.00 0.00 2130.00 0.30 1100.00 NA NA 1283.46 Sand N 2130.00 0.007


3 18 18.5 18.25 15.25 823.75 120.00 2190.00 0.00 2190.00 0.30 1100.00 NA NA 1247.21 Sand N 2190.00 0.007


3 18.5 19 18.75 15.75 823.25 120.00 2250.00 0.00 2250.00 0.30 1100.00 NA NA 1212.70 Sand N 2250.00 0.007


3 19 19.5 19.25 16.25 822.75 120.00 2310.00 0.00 2310.00 0.30 1100.00 NA NA 1179.83 Sand N 2310.00 0.006


3 19.5 20 19.75 16.75 822.25 120.00 2370.00 0.00 2370.00 0.30 1100.00 NA NA 1148.49 Sand N 2370.00 0.006


3 20 20.5 20.25 17.25 821.75 120.00 2430.00 0.00 2430.00 0.30 1100.00 NA NA 1118.59 Sand N 2430.00 0.006


3 20.5 21 20.75 17.75 821.25 120.00 2490.00 0.00 2490.00 0.30 1100.00 NA NA 1090.03 Sand N 2490.00 0.006


Estimated Settlement 0.46


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 338\Calculations\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0 - RW338 (width 9 ft) (Elastic Modulus and 1D 
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Surcharge Load = 240 psf


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 400 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 470 psf


Phi: 33 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 338 @ Station 340+50


Static Analysis


Wall Height = 16 ft


Width of the Wall = 9 ft
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Surcharge Load = 240 psf


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 400 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 470 psf


Phi: 33 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 338 @ Station 340+50


Pseudo Static Analysis


kh = 0.147


Wall Height = 16 ft


Width of the Wall = 9 ft


Offset (feet)
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Project No. 30989802 June 2008 State Route 91 Soundwalls and Retaining Walls Fig. 1


Note: Pile is Class 90 Con. Alt "Y" 


Displacement Friction Concrete. 


Diameter = 1.25 ft. Pile batter is 0 


degrees.


Ultimate Axial Compression and Tension Capacity of Driven Pile for Retaining Wall 338


Note that end bearing is zero, so the total 


capacity in compression equals the 


friction capacity in compression.


Compression


Tension







State Route 91 Soundwalls and Retaining Walls Date: 6/9/2008


Retaining Wall 338


Pile Type
Existing/   


Proposed


Pile Head 


Condition


Moment of 


Inertia                


(in
4
)


Pile Head 


Deflection          


(in)


Lateral 


Load 


per 


Single 


pile 


(kips)


Group 


Lateral 


Load 


per pile 


(kips)


Mmax       


(lbs . in)


Mmax       


(kips-in)


Depth to 


Mmax        


(in)


Free 2485 0.25 10.7 10.7 387961 388 54


0.50 14.8 14.8 602340 602 60


1.00 20.8 20.8 977289 977 72


Sloping ground and Pile Spacing >= 3d


Proposed
Class 90 Alt "Y" 


Concrete Pile







Shear Force (kips)


State Route 91 Soundwalls and Retaining Walls - Retaining Wall 338 - Free Head
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RW 338 Lateral Pile Capacity SHEAR - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 338\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 338 Lateral Pile Capacity SHEAR - Free Head.lpd
Name of output file:         RW 338 Lateral Pile Capacity SHEAR - Free Head.lpo
Name of plot output file:    RW 338 Lateral Pile Capacity SHEAR - Free Head.lpp
Name of runtime file:        RW 338 Lateral Pile Capacity SHEAR - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  9, 2008     Time:  18:30:25


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Only summary tables of pile-head deflection, maximum bending moment,
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RW 338 Lateral Pile Capacity SHEAR - Free Head
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -60.00 in


Slope angle of ground surface             =      26.60 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =        4.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =        4.000 in
Distance from top of pile to bottom of layer =       64.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       64.000 in
Distance from top of pile to bottom of layer =      124.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      124.000 in
Distance from top of pile to bottom of layer =      348.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00         .06900
  2             4.00         .06900
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RW 338 Lateral Pile Capacity SHEAR - Free Head
  3             4.00         .06900
  4            64.00         .06900
  5            64.00         .06900
  6           124.00         .06900
  7           124.00         .06900
  8           348.00         .06900
  9           348.00         .06900
 10           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000         .00000           35.00           ------    ------
  2        4.000         .00000           35.00           ------    ------
  3        4.000       17.60000             .00           .00500        .0
  4       64.000       17.60000             .00           .00500        .0
  5       64.000         .00000           33.00           ------    ------
  6      124.000         .00000           33.00           ------    ------
  7      124.000        8.00000             .00           .01000        .0
  8      348.000        8.00000             .00           .01000        .0
  9      348.000         .00000           35.00           ------    ------
 10      800.000         .00000           35.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .5500         1.0000
  2          600.000          .5500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1
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RW 338 Lateral Pile Capacity SHEAR - Free Head


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.
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RW 338 Lateral Pile Capacity SHEAR - Free Head


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     326544.  10692.8567
  4  y=   .500000 M=     0.000  90000.0000    .5000000     514822.  14834.1146
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000     854468.  20777.5434


The analysis ended normally. 
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RW 338 Lateral Pile Capacity MOMENT - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 338\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 338 Lateral Pile Capacity MOMENT - Free Head.lpd
Name of output file:         RW 338 Lateral Pile Capacity MOMENT - Free Head.lpo
Name of plot output file:    RW 338 Lateral Pile Capacity MOMENT - Free Head.lpp
Name of runtime file:        RW 338 Lateral Pile Capacity MOMENT - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  9, 2008     Time:  18:33:12


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
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RW 338 Lateral Pile Capacity MOMENT - Free Head
- Printing Increment (spacing of output points) =  1


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -60.00 in


Slope angle of ground surface             =      26.60 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =        4.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =        4.000 in
Distance from top of pile to bottom of layer =       64.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       64.000 in
Distance from top of pile to bottom of layer =      124.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      124.000 in
Distance from top of pile to bottom of layer =      348.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00         .06900
  2             4.00         .06900
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  3             4.00         .06900
  4            64.00         .06900
  5            64.00         .06900
  6           124.00         .06900
  7           124.00         .06900
  8           348.00         .06900
  9           348.00         .06900
 10           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000         .00000           35.00           ------    ------
  2        4.000         .00000           35.00           ------    ------
  3        4.000       17.60000             .00           .00500        .0
  4       64.000       17.60000             .00           .00500        .0
  5       64.000         .00000           33.00           ------    ------
  6      124.000         .00000           33.00           ------    ------
  7      124.000        8.00000             .00           .01000        .0
  8      348.000        8.00000             .00           .01000        .0
  9      348.000         .00000           35.00           ------    ------
 10      800.000         .00000           35.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .7500         1.0000
  2          600.000          .7500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000  13542.2573   -.0040703    508.4746   -148.7999   1785.5991
   6.000   .225578  80773.0876  12361.1616   -.0040403    752.2565   -244.8987   6513.8852
  12.000   .201517     152697.  10867.1537   -.0039535    969.3320   -253.1040   7535.9635
  18.000   .178136     215449.   9327.9054   -.0038168   1158.7223   -259.9788   8756.6396
  24.000   .155715     268754.   7751.5899   -.0036369   1319.6046   -265.4597  10228.6445
  30.000   .134493     312396.   6146.7565   -.0034210   1451.3188   -269.4847  12022.2556
  36.000   .114663     346210.   4522.3246   -.0031764   1553.3746   -271.9926  14232.6371
  42.000   .096376     370094.   2887.5826   -.0029103   1625.4588   -272.9214  16991.0225
  48.000   .079739     384004.   1252.1983   -.0026302   1667.4415   -272.2067  20482.3209
  54.000   .064814     387961.   -373.7503   -.0023435   1679.3834   -269.7762  24974.0286
  60.000   .051618     382050.  -1979.7023   -.0020574   1661.5439   -265.5412  30866.3701
  66.000   .040125     366427.  -3050.8807   -.0017794   1614.3902    -91.5183  13685.1506
  72.000   .030265     347361.  -3584.1452   -.0015143   1556.8492    -86.2365  17096.3883
  78.000   .021953     325052.  -4079.4944   -.0012645   1489.5179    -78.8799  21558.2988
  84.000   .015091     299773.  -4524.5081   -.0010324   1413.2226    -69.4580  27615.5253
  90.000   .009565     271873.  -4906.6926   -.0008200   1329.0175    -57.9369  36343.4231
  96.000   .005251     241779.  -5212.7828   -.0006292   1238.1884    -44.0932  50386.3577
 102.000   .002014     209999.  -5398.4826   -.0004614   1142.2756    -17.8067  53047.1948
 108.000  -.000286     177495.  -5443.9577   -.0003175   1044.1739      2.6483  55477.1948
 114.000  -.001796     145015.  -5384.0204   -.0001977    946.1450     17.3308  57907.1948
 120.000  -.002659     113100.  -5251.8217   -.0001018    849.8236     26.7354  60337.1948
 126.000  -.003017  82102.8893  -4808.0653 -2.9292E-05    756.2700    121.1834     240974.
 132.000  -.003010  55435.1477  -4081.1004  2.1797E-05    675.7839    121.1382     241463.
 138.000  -.002756  33106.1427  -3362.1355  5.4687E-05    608.3925    118.5168     258040.
 144.000  -.002354  15030.4602  -2664.7037  7.2568E-05    553.8381    113.9605     290485.
 150.000  -.001885   1051.3248  -1999.3263  7.8541E-05    511.6476    107.8320     343239.
 156.000  -.001411  -9046.2806  -1374.8006  7.5572E-05    535.7772    100.3433     426578.
 162.000  -.000978 -15527.8993   -798.9669  6.6443E-05    555.3395     91.6013     561913.
 168.000  -.000614 -18705.6421   -279.3533  5.3727E-05    564.9302     81.6032     797363.
 174.000  -.000333 -18938.1646    175.8883  3.9744E-05    565.6320     70.1440    1262427.
 180.000  -.000137 -16637.9057    510.8504  2.6529E-05    558.6896     41.5100    1816336.
 186.000 -1.50E-05 -12836.6108    649.0316  1.5580E-05    547.2169      4.5504    1816336.
 192.000  4.98E-05  -8866.3528    617.4196  7.5184E-06    535.2342    -15.0877    1816336.
 198.000  7.52E-05  -5435.6949    503.8718  2.2058E-06    524.8801    -22.7616    1816336.
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 204.000  7.63E-05  -2822.2734    366.2852 -8.6171E-07    516.9925    -23.1006    1816336.
 210.000  6.48E-05  -1039.3413    238.0897 -2.2961E-06    511.6114    -19.6313    1816336.
 216.000  4.88E-05     37.2824    134.9175 -2.6684E-06    508.5871    -14.7594    1816336.
 222.000  3.28E-05    582.5509     60.8253 -2.4381E-06    510.2328     -9.9379    1816336.
 228.000  1.95E-05    769.8197     13.3039 -1.9358E-06    510.7980     -5.9025    1816336.
 234.000  9.60E-06    744.2888    -13.1213 -1.3733E-06    510.7209     -2.9059    1816336.
 240.000  3.02E-06    613.8470    -24.5798 -8.6885E-07    510.3272   -.9136051    1816336.
 246.000 -8.27E-07    450.2691    -26.5696 -4.7358E-07    509.8335    .2503680    1816336.
 252.000 -2.66E-06    295.5238    -23.3982 -1.9655E-07    509.3665    .8067521    1816336.
 258.000 -3.19E-06    169.7031    -18.0849 -2.3734E-08    508.9868    .9643592    1816336.
 264.000 -2.95E-06     78.5311    -12.5129  6.8475E-08    508.7116    .8929704    1816336.
 270.000 -2.36E-06     19.4747     -7.6871  1.0488E-07    508.5334    .7156125    1816336.
 276.000 -1.69E-06    -13.8276     -4.0044  1.0698E-07    508.5163    .5119756    1816336.
 282.000 -1.08E-06    -28.6931     -1.4874  9.1183E-08    508.5612    .3269975    1816336.
 288.000 -5.97E-07    -31.7753    .0357690  6.8721E-08    508.5705    .1807377    1816336.
 294.000 -2.56E-07    -28.3381    .8100473  4.6392E-08    508.5601    .0773551    1816336.
 300.000 -4.03E-08    -22.1048      1.0787  2.7654E-08    508.5413    .0122117    1816336.
 306.000  7.63E-08    -15.4230      1.0461  1.3714E-08    508.5211   -.0231036    1816336.
 312.000  1.24E-07     -9.5668    .8639393  4.4315E-09    508.5034   -.0376073    1816336.
 318.000  1.29E-07     -5.0605    .6335126 -1.0020E-09    508.4898   -.0392016    1816336.
 324.000  1.12E-07     -1.9635    .4140056 -3.6111E-09    508.4805   -.0339674    1816336.
 330.000  8.62E-08   -.0885643    .2338530 -4.3734E-09    508.4748   -.0260835    1816336.
 336.000  5.97E-08    .8474299    .1013620 -4.0915E-09    508.4771   -.0180802    1816336.
 342.000  3.71E-08      1.1322    .0134606 -3.3562E-09    508.4780   -.0112203    1816336.
 348.000  1.95E-08      1.0126   -.0220518 -2.5595E-09    508.4776   -.0006171     190371.
 354.000  6.35E-09    .8703405   -.0245271 -1.8601E-09    508.4772   -.0002079     196446.
 360.000 -2.87E-09    .7202649   -.0248603 -1.2692E-09    508.4768  9.6860E-05     202521.
 366.000 -8.88E-09    .5733874   -.0236436 -7.8867E-10    508.4763    .0003087     208596.
 372.000 -1.23E-08    .4373932   -.0213937 -4.1320E-10    508.4759    .0004413     214671.
 378.000 -1.38E-08    .3171096   -.0185425 -1.3294E-10    508.4755    .0005091     220746.
 384.000 -1.39E-08    .2150268   -.0154355  6.4732E-11    508.4752    .0005266     226821.
 390.000 -1.31E-08    .1318138   -.0123349  1.9357E-10    508.4750    .0005070     232896.
 396.000 -1.16E-08    .0667994   -.0094272  2.6735E-10    508.4748    .0004622     238971.
 402.000 -9.85E-09    .0183991   -.0068332  2.9899E-10    508.4746    .0004024     245046.
 408.000 -8.02E-09   -.0155218   -.0046192  3.0006E-10    508.4746    .0003356     251121.
 414.000 -6.25E-09   -.0373554   -.0028084  2.8042E-10    508.4747    .0002680     257196.
 420.000 -4.65E-09   -.0495257   -.0013919  2.4815E-10    508.4747    .0002042     263271.
 426.000 -3.27E-09   -.0543260   -.0003384  2.0957E-10    508.4747    .0001470     269346.
 432.000 -2.14E-09   -.0538127    .0003971  1.6940E-10    508.4747  9.8150E-05     275421.
 438.000 -1.24E-09   -.0497443    .0008663  1.3093E-10    508.4747  5.8256E-05     281496.
 444.000 -5.67E-10   -.0435588    .0011226  9.6277E-11    508.4747  2.7174E-05     287571.
 450.000 -8.64E-11   -.0363775    .0012168  6.6583E-11    508.4747  4.2284E-06     293646.
 456.000  2.32E-10   -.0290294    .0011947  4.2287E-11    508.4747 -1.1591E-05     299721.
 462.000  4.21E-10   -.0220869    .0010955  2.3300E-11    508.4746 -2.1459E-05     305796.
 468.000  5.12E-10   -.0159080    .0009514  9.1863E-12    508.4746 -2.6593E-05     311871.
 474.000  5.31E-10   -.0106802    .0007871 -6.9019E-13    508.4746 -2.8153E-05     317946.
 480.000  5.03E-10   -.0064616    .0006211 -7.0577E-12    508.4746 -2.7182E-05     324021.
 486.000  4.47E-10   -.0032190    .0004659 -1.0654E-11    508.4746 -2.4570E-05     330096.
 492.000  3.75E-10   -.0008596    .0003291 -1.2169E-11    508.4746 -2.1039E-05     336171.
 498.000  3.01E-10    .0007428    .0002145 -1.2212E-11    508.4746 -1.7145E-05     342246.
 504.000  2.29E-10    .0017276    .0001232 -1.1294E-11    508.4746 -1.3292E-05     348321.
 510.000  1.65E-10    .0022333  5.4073E-05 -9.8231E-12    508.4746 -9.7482E-06     354396.
 516.000  1.11E-10    .0023871  4.8087E-06 -8.1068E-12    508.4746 -6.6734E-06     360471.
 522.000  6.78E-11    .0022998 -2.7630E-05 -6.3658E-12    508.4746 -4.1394E-06     366546.
 528.000  3.47E-11    .0020624 -4.6511E-05 -4.7454E-12    508.4746 -2.1543E-06     372621.
 534.000  1.08E-11    .0017468 -5.5021E-05 -3.3304E-12    508.4746 -6.8247E-07     378696.
 540.000 -5.28E-12    .0014058 -5.6053E-05 -2.1594E-12    508.4746  3.3837E-07     384771.
 546.000 -1.51E-11    .0010764 -5.2087E-05 -1.2373E-12    508.4746  9.8359E-07     390846.
 552.000 -2.01E-11    .0007821 -4.5143E-05 -5.4695E-13    508.4746  1.3313E-06     396921.
 558.000 -2.17E-11    .0005353 -3.6784E-05 -5.7589E-14    508.4746  1.4550E-06     402996.
 564.000 -2.08E-11    .0003407 -2.8161E-05  2.6784E-13    508.4746  1.4192E-06     409071.
 570.000 -1.84E-11    .0001971 -2.0074E-05  4.6762E-13    508.4746  1.2765E-06     415146.
 576.000 -1.52E-11  9.9344E-05 -1.3043E-05  5.7774E-13    508.4746  1.0674E-06     421221.
 582.000 -1.15E-11  3.9968E-05 -7.3802E-06  6.2949E-13    508.4746  8.2012E-07     427296.
 588.000 -7.65E-12  1.0101E-05 -3.2622E-06  6.4809E-13    508.4746  5.5255E-07     433371.
 594.000 -3.74E-12  1.2129E-07 -7.8307E-07  6.5189E-13    508.4746  2.7384E-07     439446.
 600.000  1.73E-13      0.0000      0.0000  6.5193E-13    508.4746 -1.2820E-08     222760.


Output Verification:
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Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  1:


Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00407026
Maximum bending moment           =   387961.11718 lbs-in
Maximum shear force              =    13542.25730 lbs
Depth of maximum bending moment  =    54.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             10
Number of zero deflection points =              8


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  18683.3199   -.0071884    508.4746   -231.9033   1391.4196
   6.000   .456870     111807.  17111.1557   -.0071468    845.9214   -292.1515   3836.7804
  12.000   .414238     213052.  15325.5202   -.0070262   1151.4900   -303.0603   4389.6565
  18.000   .372556     303302.  13478.4282   -.0068344   1423.8726   -312.6370   5035.0105
  24.000   .332226     382175.  11578.0542   -.0065797   1661.9194   -320.8210   5794.0348
  30.000   .293599     449345.   9632.9306   -.0062709   1864.6456   -327.5535   6693.8998
  36.000   .256975     504542.   7651.9398   -.0059165   2031.2384   -332.7767   7769.8577
  42.000   .222600     547558.   5644.3104   -.0055257   2161.0635   -336.4331   9068.2589
  48.000   .190667     578242.   3619.6184   -.0051075   2253.6715   -338.4643  10650.9822
  54.000   .161310     596509.   1587.7997   -.0046712   2308.8046   -338.8086  12602.1376
  60.000   .134613     602340.   -440.8179   -.0042258   2326.4032   -337.3972  15038.5873
  66.000   .110600     595783.  -1961.5399   -.0037808   2306.6137   -169.5101   9195.8415
  72.000   .089243     582885.  -2969.2943   -.0033430   2267.6852   -166.4080  11187.9385
  78.000   .070485     563762.  -3949.3784   -.0029170   2209.9704   -160.2867  13644.3952
  84.000   .054239     538643.  -4883.6951   -.0025075   2134.1576   -151.1522  16720.6776
  90.000   .040394     507866.  -5754.3141   -.0021188   2041.2696   -139.0541  20654.4671
  96.000   .028814     471879.  -6543.6707   -.0017548   1932.6581   -124.0647  25834.6145
 102.000   .019336     431237.  -7234.5566   -.0014194   1809.9955   -106.2306  32963.1826
 108.000   .011781     386598.  -7809.6072   -.0011156   1675.2685    -85.4530  43520.4386
 114.000   .005949     338727.  -8238.2170   -.0008462   1530.7889    -57.4170  57907.1948
 120.000   .001627     288653.  -8459.5585   -.0006131   1379.6606    -16.3635  60337.1948
 126.000  -.001408     237874.  -8206.8594   -.0004175   1226.4049    100.5966     428645.
 132.000  -.003383     190622.  -7530.0315   -.0002584   1083.7912    125.0128     221713.
 138.000  -.004508     147793.  -6752.1587   -.0001326    954.5296    134.2781     178704.
 144.000  -.004975     109739.  -5936.4690 -3.6987E-05    839.6786    137.6185     165975.
 150.000  -.004952  76595.2238  -5111.2049  3.2228E-05    739.6473    137.4696     166554.
 156.000  -.004588  48369.6793  -4294.1335  7.8648E-05    654.4595    134.8876     176394.
 162.000  -.004008  24980.6829  -3498.1676    .0001059    583.8690    130.4344     195238.
 168.000  -.003317   6277.3023  -2733.5396    .0001175    527.4202    124.4416     225069.
 174.000  -.002598  -7948.6984  -2008.8786    .0001169    532.4646    117.1121     270424.
 180.000  -.001915 -17955.4763  -1331.8596    .0001073    562.6662    108.5610     340171.
 186.000  -.001311 -24046.8565   -709.7011  9.1660E-05    581.0506     98.8252     452199.
 192.000  -.000815 -26570.8827   -149.7190  7.2858E-05    588.6684     87.8355     646725.
 198.000  -.000437 -25922.1707    339.6720  5.3359E-05    586.7105     75.2948    1033868.
 204.000  -.000175 -22552.4458    724.1156  3.5352E-05    576.5403     52.8530    1816336.
 210.000 -1.27E-05 -17270.9639    894.2473  2.0559E-05    560.6002      3.8575    1816336.
 216.000  7.21E-05 -11843.6824    840.3218  9.7445E-06    544.2201    -21.8327    1816336.
 222.000   .000104  -7197.6270    680.2001  2.6715E-06    530.1978    -31.5412    1816336.
 228.000   .000104  -3684.1668    490.9647 -1.3707E-06    519.5938    -31.5373    1816336.
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 234.000  8.77E-05  -1304.5700    316.6671 -3.2238E-06    512.4119    -26.5619    1816336.
 240.000  6.55E-05    119.3203    177.5025 -3.6641E-06    508.8347    -19.8263    1816336.
 246.000  4.38E-05    829.4174     78.2690 -3.3117E-06    510.9778    -13.2516    1816336.
 252.000  2.58E-05   1062.1249     15.1259 -2.6090E-06    511.6802     -7.7961    1816336.
 258.000  1.25E-05   1013.7464    -19.5840 -1.8379E-06    511.5342     -3.7739    1816336.
 264.000  3.70E-06    829.1023    -34.2642 -1.1534E-06    510.9769     -1.1196    1816336.
 270.000 -1.37E-06    603.8215    -36.3750 -6.2110E-07    510.2970    .4159716    1816336.
 276.000 -3.75E-06    393.2736    -31.7169 -2.5072E-07    509.6615      1.1367    1816336.
 282.000 -4.38E-06    223.4892    -24.3265 -2.1619E-08    509.1491      1.3268    1816336.
 288.000 -4.01E-06    101.3785    -16.7005  9.9057E-08    508.7805      1.2152    1816336.
 294.000 -3.19E-06     22.9758    -10.1541  1.4525E-07    508.5439    .9669194    1816336.
 300.000 -2.27E-06    -20.6271     -5.1905  1.4612E-07    508.5368    .6875965    1816336.
 306.000 -1.44E-06    -39.4682     -1.8194  1.2380E-07    508.5937    .4361077    1816336.
 312.000 -7.86E-07    -42.5936    .2025506  9.3316E-08    508.6031    .2378769    1816336.
 318.000 -3.21E-07    -37.1384      1.2075  6.3699E-08    508.5867    .0971216    1816336.
 324.000 -2.14E-08    -28.1719      1.5184  3.9439E-08    508.5596    .0064805    1816336.
 330.000  1.52E-07    -18.9608      1.3994  2.1931E-08    508.5318   -.0461457    1816336.
 336.000  2.42E-07    -11.4033      1.0414  1.0652E-08    508.5090   -.0731865    1816336.
 342.000  2.80E-07     -6.4760    .5672813  4.0102E-09    508.4941   -.0848397    1816336.
 348.000  2.90E-07     -4.6003    .2874435 -1.0414E-10    508.4885   -.0084396     174683.
 354.000  2.79E-07     -3.0265    .2369085 -2.9372E-09    508.4837   -.0084054     180758.
 360.000  2.55E-07     -1.7542    .1879050 -4.7130E-09    508.4799   -.0079291     186833.
 366.000  2.22E-07   -.7665754    .1426616 -5.6494E-09    508.4769   -.0071520     192908.
 372.000  1.87E-07   -.0361380    .1026161 -5.9476E-09    508.4747   -.0061965     198983.
 378.000  1.51E-07    .4712407    .0685367 -5.7859E-09    508.4760   -.0051633     205058.
 384.000  1.17E-07    .7925512    .0406518 -5.3165E-09    508.4770   -.0041316     211133.
 390.000  8.73E-08    .9648046    .0187779 -4.6637E-09    508.4775   -.0031597     217208.
 396.000  6.14E-08      1.0229    .0024385 -3.9253E-09    508.4777   -.0022868     223283.
 402.000  4.02E-08    .9983065   -.0090292 -3.1745E-09    508.4776   -.0015358     229358.
 408.000  2.34E-08    .9180007   -.0163859 -2.4627E-09    508.4773   -.0009164     235433.
 414.000  1.06E-08    .8043357   -.0204181 -1.8229E-09    508.4770   -.0004277     241508.
 420.000  1.48E-09    .6749525   -.0218842 -1.2734E-09    508.4766 -6.1060E-05     247583.
 426.000 -4.66E-09    .5431003   -.0214768 -8.2097E-10    508.4762    .0001969     253658.
 432.000 -8.37E-09    .4181172   -.0197990 -4.6392E-10    508.4758    .0003624     259733.
 438.000 -1.02E-08    .3060130   -.0173531 -1.9493E-10    508.4755    .0004529     265808.
 444.000 -1.07E-08    .2100909   -.0145383 -3.2183E-12    508.4752    .0004854     271883.
 450.000 -1.03E-08    .1315574   -.0116560  1.2369E-10    508.4750    .0004754     277958.
 456.000 -9.23E-09    .0700857   -.0089194  1.9859E-10    508.4748    .0004368     284033.
 462.000 -7.88E-09    .0243101   -.0064662  2.3366E-10    508.4746    .0003810     290108.
 468.000 -6.42E-09   -.0077608   -.0043721  2.3980E-10    508.4746    .0003171     296183.
 474.000 -5.00E-09   -.0284145   -.0026651  2.2637E-10    508.4747    .0002519     302258.
 480.000 -3.71E-09   -.0399867   -.0013379  2.0096E-10    508.4747    .0001905     308333.
 486.000 -2.59E-09   -.0446858   -.0003593  1.6951E-10    508.4747    .0001357     314408.
 492.000 -1.67E-09   -.0444815    .0003158  1.3638E-10    508.4747  8.9329E-05     320483.
 498.000 -9.53E-10   -.0410434    .0007394  1.0461E-10    508.4747  5.1881E-05     326558.
 504.000 -4.17E-10   -.0357212    .0009644  7.6100E-11    508.4747  2.3119E-05     332633.
 510.000 -4.00E-11   -.0295523    .0010406  5.1853E-11    508.4747  2.2602E-06     338708.
 516.000  2.05E-10   -.0232902    .0010120  3.2224E-11    508.4746 -1.1792E-05     344783.
 522.000  3.47E-10   -.0174433    .0009158  1.7094E-11    508.4746 -2.0271E-05     350858.
 528.000  4.10E-10   -.0123192    .0007817  6.0380E-12    508.4746 -2.4411E-05     356933.
 534.000  4.19E-10   -.0080689    .0006324 -1.5354E-12    508.4746 -2.5357E-05     363008.
 540.000  3.92E-10   -.0047282    .0004841 -6.2890E-12    508.4746 -2.4108E-05     369083.
 546.000  3.44E-10   -.0022535    .0003473 -8.8824E-12    508.4746 -2.1487E-05     375158.
 552.000  2.85E-10   -.0005514    .0002284 -9.9243E-12    508.4746 -1.8129E-05     381233.
 558.000  2.25E-10    .0004983    .0001305 -9.9440E-12    508.4746 -1.4495E-05     387308.
 564.000  1.66E-10    .0010259  5.4411E-05 -9.3778E-12    508.4746 -1.0883E-05     393383.
 570.000  1.12E-10    .0011613 -6.1261E-07 -8.5653E-12    508.4746 -7.4577E-06     399458.
 576.000  6.32E-11    .0010278 -3.5803E-05 -7.7521E-12    508.4746 -4.2725E-06     405533.
 582.000  1.90E-11    .0007401 -5.2530E-05 -7.0955E-12    508.4746 -1.3029E-06     411608.
 588.000 -2.19E-11    .0004051 -5.1858E-05 -6.6701E-12    508.4746  1.5267E-06     417683.
 594.000 -6.10E-11    .0001250 -3.4343E-05 -6.4732E-12    508.4746  4.3117E-06     423758.
 600.000 -9.96E-11      0.0000      0.0000 -6.4267E-12    508.4746  7.1359E-06     214916.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  2:
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RW 338 Lateral Pile Capacity MOMENT - Free Head
Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00718837
Maximum bending moment           =   602340.36014 lbs-in
Maximum shear force              =    18683.31995 lbs
Depth of maximum bending moment  =    60.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             12
Number of zero deflection points =              7


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  25962.3596   -.0129554    508.4746   -252.6791    758.0373
   6.000   .922267     158222.  24159.6135   -.0128967    986.0054   -348.2363   2265.5226
  12.000   .845240     303844.  22028.2727   -.0127250   1425.5081   -362.2106   2571.1796
  18.000   .769567     436304.  19817.2309   -.0124501   1825.2880   -374.8033   2922.1884
  24.000   .695839     555097.  17534.9718   -.0120818   2183.8165   -385.9497   3327.9227
  30.000   .624585     659772.  15190.3668   -.0116306   2499.7388   -395.5853   3800.1418
  36.000   .556272     749942.  12792.6740   -.0111069   2771.8811   -403.6456   4353.7552
  42.000   .491302     825280.  10351.5440   -.0105218   2999.2585   -410.0645   5007.8874
  48.000   .430011     885524.   7877.0290   -.0098863   3181.0824   -414.7739   5787.3932
  54.000   .372667     930481.   5379.6028   -.0092117   3316.7682   -417.7016   6725.0633
  60.000   .319471     960028.   2870.1922   -.0085095   3405.9432   -418.7686   7864.9220
  66.000   .270554     974114.    737.2030   -.0077910   3448.4558   -292.2278   6480.6639
  72.000   .225979     977289.  -1017.7269   -.0070661   3458.0379   -292.7488   7772.8263
  78.000   .185760     969532.  -2762.7319   -.0063430   3434.6290   -288.9196   9332.0270
  84.000   .149863     950986.  -4470.6821   -.0056296   3378.6545   -280.3972  11226.1369
  90.000   .118205     921964.  -6113.2284   -.0049338   3291.0628   -267.1182  13558.7127
  96.000   .090657     882956.  -7661.7841   -.0042634   3173.3320   -249.0670  16484.1511
 102.000   .067044     834627.  -9087.7145   -.0036254   3027.4704   -226.2432  20247.1521
 108.000   .047152     777819. -10362.2280   -.0030264   2856.0166   -198.5947  25270.5989
 114.000   .030727     713549. -11455.6005   -.0024724   2662.0433   -165.8629  32387.2966
 120.000   .017483     643022. -12334.6485   -.0019685   2449.1847   -127.1531  43637.5187
 126.000   .007105     567659. -13041.8629   -.0015188   2221.7321   -108.5850  91696.4103
 132.000  -.000743     488160. -13108.7541   -.0011266   1981.7942     86.2879     697189.
 138.000  -.006414     411571. -12409.9882   -.0007924   1750.6406    146.6340     137163.
 144.000  -.010251     340096. -11475.6885   -.0005132   1534.9208    164.7992  96454.7834
 150.000  -.012573     274417. -10461.0850   -.0002849   1336.6949    173.4020  82752.9073
 156.000  -.013670     214871.  -9409.7018   -.0001032   1156.9772    177.0591  77711.9497
 162.000  -.013811     161612.  -8346.0036  3.6679E-05    996.2371    177.5070  77118.0801
 168.000  -.013230     114679.  -7286.6472    .0001393    854.5879    175.6119  79640.9952
 174.000  -.012139  74021.7712  -6244.1884    .0002094    731.8803    171.8744  84954.5055
 180.000  -.010717  39522.4537  -5228.7357    .0002516    627.7576    166.6098  93274.3662
 186.000  -.009120  11005.2337  -4248.8276    .0002704    541.6896    160.0263     105282.
 192.000  -.007473 -11755.4563  -3311.9606    .0002701    543.9538    152.2627     122247.
 198.000  -.005879 -29029.9713  -2424.9496    .0002549    596.0902    143.4076     146360.
 204.000  -.004414 -41130.1671  -1594.2115    .0002289    632.6099    133.5051     181470.
 210.000  -.003133 -48407.6793   -826.0429    .0001956    654.5742    122.5511     234725.
 216.000  -.002067 -51253.9312   -126.9787    .0001586    663.1645    110.4703     320682.
 222.000  -.001230 -50102.6913    495.5686    .0001209    659.6899     97.0455     473524.
 228.000  -.000616 -45437.7127   1031.7298  8.5441E-05    645.6105     81.6749     795870.
 234.000  -.000204 -37814.2101   1462.3491  5.4517E-05    622.6020     61.8649    1816336.
 240.000  3.85E-05 -27948.4017   1613.0157  3.0089E-05    592.8259    -11.6427    1816336.
 246.000   .000157 -18490.5172   1435.7770  1.2838E-05    564.2810    -47.4369    1816336.
 252.000   .000193 -10732.9435   1118.6256  1.9830E-06    540.8678    -58.2802    1816336.
 258.000   .000180  -5069.1516    779.8632 -3.8868E-06    523.7738    -54.6406    1816336.
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 264.000   .000146  -1370.3870    483.4594 -6.2788E-06    512.6106    -44.1607    1816336.
 270.000   .000105    739.1429    255.4826 -6.5133E-06    510.7054    -31.8316    1816336.
 276.000  6.77E-05   1702.4390     98.4882 -5.6064E-06    513.6127    -20.4999    1816336.
 282.000  3.79E-05   1927.0557      2.5921 -4.2582E-06    514.2906    -11.4655    1816336.
 288.000  1.66E-05   1738.1429    -46.8984 -2.8967E-06    513.7205     -5.0314    1816336.
 294.000  3.11E-06   1367.4033    -64.8207 -1.7431E-06    512.6015   -.9427176    1816336.
 300.000 -4.30E-06    962.1774    -63.7465 -8.7776E-07    511.3785      1.3008    1816336.
 306.000 -7.42E-06    603.3934    -53.1064 -2.9622E-07    510.2957      2.2459    1816336.
 312.000 -7.85E-06    325.2201    -39.2382  4.8724E-08    509.4561      2.3768    1816336.
 318.000 -6.83E-06    132.4826    -25.9009  2.1874E-07    508.8744      2.0689    1816336.
 324.000 -5.23E-06     14.1729    -14.9475  2.7322E-07    508.5174      1.5822    1816336.
 330.000 -3.56E-06    -47.1826     -6.9716  2.6096E-07    508.6170      1.0764    1816336.
 336.000 -2.10E-06    -69.7686     -1.8397  2.1751E-07    508.6851    .6342499    1816336.
 342.000 -9.46E-07    -69.4937    .9217936  1.6578E-07    508.6843    .2862435    1816336.
 348.000 -1.06E-07    -58.8862      1.7898  1.1810E-07    508.6523    .0030759     174525.
 354.000  4.72E-07    -48.1442      1.7564  7.8339E-08    508.6199   -.0141948     180600.
 360.000  8.34E-07    -37.8940      1.6359  4.6379E-08    508.5889   -.0259577     186675.
 366.000  1.03E-06    -28.5631      1.4590  2.1693E-08    508.5608   -.0330288     192750.
 372.000  1.09E-06    -20.4097      1.2511  3.5013E-09    508.5362   -.0362733     198825.
 378.000  1.07E-06    -13.5540      1.0326 -9.1149E-09    508.5155   -.0365456     204900.
 384.000  9.85E-07     -8.0085    .8190469 -1.7124E-08    508.4987   -.0346439     210975.
 390.000  8.65E-07     -3.7069    .6212786 -2.1476E-08    508.4858   -.0312789     217050.
 396.000  7.28E-07   -.5299448    .4462762 -2.3050E-08    508.4762   -.0270552     223125.
 402.000  5.88E-07      1.6733    .2977196 -2.2625E-08    508.4796   -.0224637     229200.
 408.000  4.56E-07      3.0671    .1766824 -2.0865E-08    508.4838   -.0178821     235275.
 414.000  3.38E-07      3.8160    .0822866 -1.8308E-08    508.4861   -.0135831     241350.
 420.000  2.36E-07      4.0743    .0122992 -1.5377E-08    508.4869   -.0097460     247425.
 426.000  1.53E-07      3.9802   -.0363514 -1.2385E-08    508.4866   -.0064709     253500.
 432.000  8.77E-08      3.6515   -.0671490 -9.5500E-09    508.4856   -.0037950     259575.
 438.000  3.86E-08      3.1847   -.0836553 -7.0106E-09    508.4842   -.0017071     265650.
 444.000  3.59E-09      2.6552   -.0892647 -4.8413E-09    508.4826   -.0001627     271725.
 450.000 -1.95E-08      2.1188   -.0870388 -3.0680E-09    508.4810    .0009046     277800.
 456.000 -3.32E-08      1.6141   -.0796092 -1.6814E-09    508.4794    .0015719     283875.
 462.000 -3.97E-08      1.1653   -.0691357 -6.4900E-10    508.4781    .0019192     289950.
 468.000 -4.10E-08    .7851248   -.0573077  7.5499E-11    508.4769    .0020234     296025.
 474.000 -3.88E-08    .4775024   -.0453752  5.4451E-10    508.4760    .0019540     302100.
 480.000 -3.45E-08    .2400342   -.0342004  8.1105E-10    508.4753    .0017709     308175.
 486.000 -2.91E-08    .0662211   -.0243192  9.2481E-10    508.4748    .0015229     314250.
 492.000 -2.34E-08   -.0527945   -.0160058  9.2980E-10    508.4747    .0012482     320325.
 498.000 -1.79E-08   -.1268533   -.0093368  8.6307E-10    508.4750    .0009748     326400.
 504.000 -1.30E-08   -.1657685   -.0042474  7.5437E-10    508.4751    .0007217     332475.
 510.000 -8.87E-09   -.1786374   -.0005816  6.2644E-10    508.4751    .0005003     338550.
 516.000 -5.51E-09   -.1734238    .0018681  4.9566E-10    508.4751    .0003163     344625.
 522.000 -2.92E-09   -.1567553    .0033287  3.7301E-10    508.4750    .0001706     350700.
 528.000 -1.03E-09   -.1338822    .0040242  2.6505E-10    508.4750  6.1248E-05     356775.
 534.000  2.62E-10   -.1087506    .0041605  1.7492E-10    508.4749 -1.5838E-05     362850.
 540.000  1.07E-09   -.0841455    .0039157  1.0327E-10    508.4748 -6.5734E-05     368925.
 546.000  1.50E-09   -.0618732    .0034371  4.9031E-11    508.4748 -9.3822E-05     375000.
 552.000  1.66E-09   -.0429535    .0028398  1.0092E-11    508.4747   -.0001053     381075.
 558.000  1.62E-09   -.0278063    .0022100 -1.6192E-11    508.4747   -.0001047     387150.
 564.000  1.46E-09   -.0164163    .0016083 -3.2619E-11    508.4746 -9.5890E-05     393225.
 570.000  1.23E-09   -.0084717    .0010749 -4.1864E-11    508.4746 -8.1911E-05     399300.
 576.000  9.61E-10   -.0034725    .0006344 -4.6301E-11    508.4746 -6.4911E-05     405375.
 582.000  6.75E-10   -.0008087    .0003008 -4.7891E-11    508.4746 -4.6303E-05     411450.
 588.000  3.86E-10    .0001885  8.1271E-05 -4.8122E-11    508.4746 -2.6865E-05     417525.
 594.000  9.77E-11    .0002185 -2.0027E-05 -4.7970E-11    508.4746 -6.9011E-06     423600.
 600.000 -1.90E-10      0.0000      0.0000 -4.7889E-11    508.4746  1.3577E-05     214837.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  3:


Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01295544
Maximum bending moment           =   977288.65055 lbs-in
Maximum shear force              =    25962.35960 lbs
Depth of maximum bending moment  =    72.00000000 in
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Depth of maximum shear force     =        0.00000 in
Number of iterations             =             17
Number of zero deflection points =              7


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     387961.  13542.2573
  4  y=   .500000 M=     0.000  90000.0000    .5000000     602340.  18683.3199
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000     977289.  25962.3596


The analysis ended normally. 
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RW 338 Lateral Pile Capacity Critical Depth
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\PGDR\RW 338\Calculations\Lateral Pile Capacity\
Name of input data file:     RW 338 Lateral Pile Capacity Critical Depth.lpd
Name of output file:         RW 338 Lateral Pile Capacity Critical Depth.lpo
Name of plot output file:    RW 338 Lateral Pile Capacity Critical Depth.lpp
Name of runtime file:        RW 338 Lateral Pile Capacity Critical Depth.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  June  9, 2008     Time:  18:35:41


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
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RW 338 Lateral Pile Capacity Critical Depth
- Only summary tables of pile-head deflection, maximum bending moment,
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     260.00 in


Depth of ground surface below top of pile =     -60.00 in


Slope angle of ground surface             =      26.60 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     260.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -60.000 in
Distance from top of pile to bottom of layer =        4.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =        4.000 in
Distance from top of pile to bottom of layer =       64.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       64.000 in
Distance from top of pile to bottom of layer =      124.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      124.000 in
Distance from top of pile to bottom of layer =      348.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      348.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3


(Depth of lowest layer extends  540.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -60.00         .06900
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  2             4.00         .06900
  3             4.00         .06900
  4            64.00         .06900
  5            64.00         .06900
  6           124.00         .06900
  7           124.00         .06900
  8           348.00         .06900
  9           348.00         .06900
 10           800.00         .06900


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -60.000         .00000           35.00           ------    ------
  2        4.000         .00000           35.00           ------    ------
  3        4.000       17.60000             .00           .00500        .0
  4       64.000       17.60000             .00           .00500        .0
  5       64.000         .00000           33.00           ------    ------
  6      124.000         .00000           33.00           ------    ------
  7      124.000        8.00000             .00           .01000        .0
  8      348.000        8.00000             .00           .01000        .0
  9      348.000         .00000           35.00           ------    ------
 10      800.000         .00000           35.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .5500         1.0000
  2          600.000          .5500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  1
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Load Case Number  1


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Shear force at pile head    =       20900.000 lbs
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


(Zero moment at pile head for this load indicates a free-head condition)


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Specified shear force at pile head  =       20900.000 lbs
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


(Zero moment for this load indicates free-head conditions)


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  1  V=    20900. M=     0.000  90000.0000      1.0018     858910.  20900.0000


------------------------------------------------------------------------------
                     Pile-head Deflection vs. Pile Length
------------------------------------------------------------------------------


Boundary Condition Type 1, Shear and Moment


Shear      =          20900. lbs
Moment     =              0. in-lbs
Axial Load =          90000. lbs


   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   260.000    1.00182982  858910.44528   20900.00000
   247.000    1.00372391  859088.58052   20900.00000
   234.000     .99848264  858168.21397   20900.00000
   221.000    1.00514071  857758.36577   20900.00000
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   208.000    1.03314933  851149.13664   20900.00000
   195.000    1.12710108  839914.53896   20900.00000
   182.000    1.32078089  819596.74176   20900.00000
   169.000    1.69396594  797603.75194   20900.00000
   156.000    2.28869528  779297.31187   20900.00000
   143.000    3.16741208  770897.22115  -22746.09177


The analysis ended normally. 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 343 - Sloping Ground


Width of the Wall is 22 ft


Date: 5/23/2008


Input Parameters (from Input-Output Sheet)


c cohesion 600 psf 28.728155 kPa


φ friction angle 32 degrees 32 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 22 feet 6.71 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.464 radians 0.464 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 23.18


Nc 35.49


Nγ 30.21


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.05


Fqd 1.04


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 0.22


Fqg 0.25


Fγg 0.25


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 17.0 ksf 814 kPa


qall 5.7 ksf 271 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 343


Width of the Foundation is 22 ft


Date: 5/23/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 101 ft 1 0 3 3 120 0.3 NA NA 1000 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 26 23 120 0.3 NA NA 1000 Sand N NA


Depth Interval 0.5 ft 3 26 51 25 120 0.3 NA NA 1200 Sand N NA


Footing Length 1000 ft


Footing Width 22 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 11 ft


Ground Surface Elevation 821 ft MSL


Foundation Pressure 5700 psf


Net Foundation Pressure 5340 psf Total Layer Thickness 51 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.16


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 820.75 120.00 30.00 0.00 30.00 0.30 1000.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 820.25 120.00 90.00 0.00 90.00 0.30 1000.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 819.75 120.00 150.00 0.00 150.00 0.30 1000.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 819.25 120.00 210.00 0.00 210.00 0.30 1000.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 818.75 120.00 270.00 0.00 270.00 0.30 1000.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 818.25 120.00 330.00 0.00 330.00 0.30 1000.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 817.75 120.00 390.00 0.00 390.00 0.30 1000.00 NA NA 5298.69 Sand N 390.00 0.032


2 3.5 4 3.75 0.75 817.25 120.00 450.00 0.00 450.00 0.30 1000.00 NA NA 5216.13 Sand N 450.00 0.031


2 4 4.5 4.25 1.25 816.75 120.00 510.00 0.00 510.00 0.30 1000.00 NA NA 5133.71 Sand N 510.00 0.031


2 4.5 5 4.75 1.75 816.25 120.00 570.00 0.00 570.00 0.30 1000.00 NA NA 5051.53 Sand N 570.00 0.030


2 5 5.5 5.25 2.25 815.75 120.00 630.00 0.00 630.00 0.30 1000.00 NA NA 4969.69 Sand N 630.00 0.030


2 5.5 6 5.75 2.75 815.25 120.00 690.00 0.00 690.00 0.30 1000.00 NA NA 4888.28 Sand N 690.00 0.029


2 6 6.5 6.25 3.25 814.75 120.00 750.00 0.00 750.00 0.30 1000.00 NA NA 4807.39 Sand N 750.00 0.029


2 6.5 7 6.75 3.75 814.25 120.00 810.00 0.00 810.00 0.30 1000.00 NA NA 4727.10 Sand N 810.00 0.028


2 7 7.5 7.25 4.25 813.75 120.00 870.00 0.00 870.00 0.30 1000.00 NA NA 4647.49 Sand N 870.00 0.028


2 7.5 8 7.75 4.75 813.25 120.00 930.00 0.00 930.00 0.30 1000.00 NA NA 4568.64 Sand N 930.00 0.027


2 8 8.5 8.25 5.25 812.75 120.00 990.00 0.00 990.00 0.30 1000.00 NA NA 4490.63 Sand N 990.00 0.027


2 8.5 9 8.75 5.75 812.25 120.00 1050.00 0.00 1050.00 0.30 1000.00 NA NA 4413.53 Sand N 1050.00 0.026


2 9 9.5 9.25 6.25 811.75 120.00 1110.00 0.00 1110.00 0.30 1000.00 NA NA 4337.38 Sand N 1110.00 0.026


2 9.5 10 9.75 6.75 811.25 120.00 1170.00 0.00 1170.00 0.30 1000.00 NA NA 4262.26 Sand N 1170.00 0.026


2 10 10.5 10.25 7.25 810.75 120.00 1230.00 0.00 1230.00 0.30 1000.00 NA NA 4188.21 Sand N 1230.00 0.025


2 10.5 11 10.75 7.75 810.25 120.00 1290.00 0.00 1290.00 0.30 1000.00 NA NA 4115.28 Sand N 1290.00 0.025


2 11 11.5 11.25 8.25 809.75 120.00 1350.00 0.00 1350.00 0.30 1000.00 NA NA 4043.51 Sand N 1350.00 0.024


2 11.5 12 11.75 8.75 809.25 120.00 1410.00 0.00 1410.00 0.30 1000.00 NA NA 3972.93 Sand N 1410.00 0.024


2 12 12.5 12.25 9.25 808.75 120.00 1470.00 0.00 1470.00 0.30 1000.00 NA NA 3903.57 Sand N 1470.00 0.023


2 12.5 13 12.75 9.75 808.25 120.00 1530.00 0.00 1530.00 0.30 1000.00 NA NA 3835.47 Sand N 1530.00 0.023


2 13 13.5 13.25 10.25 807.75 120.00 1590.00 0.00 1590.00 0.30 1000.00 NA NA 3768.63 Sand N 1590.00 0.023


2 13.5 14 13.75 10.75 807.25 120.00 1650.00 0.00 1650.00 0.30 1000.00 NA NA 3703.07 Sand N 1650.00 0.022


2 14 14.5 14.25 11.25 806.75 120.00 1710.00 0.00 1710.00 0.30 1000.00 NA NA 3638.81 Sand N 1710.00 0.022


2 14.5 15 14.75 11.75 806.25 120.00 1770.00 0.00 1770.00 0.30 1000.00 NA NA 3575.85 Sand N 1770.00 0.021


2 15 15.5 15.25 12.25 805.75 120.00 1830.00 0.00 1830.00 0.30 1000.00 NA NA 3514.19 Sand N 1830.00 0.021


2 15.5 16 15.75 12.75 805.25 120.00 1890.00 0.00 1890.00 0.30 1000.00 NA NA 3453.84 Sand N 1890.00 0.021


2 16 16.5 16.25 13.25 804.75 120.00 1950.00 0.00 1950.00 0.30 1000.00 NA NA 3394.78 Sand N 1950.00 0.020


2 16.5 17 16.75 13.75 804.25 120.00 2010.00 0.00 2010.00 0.30 1000.00 NA NA 3337.01 Sand N 2010.00 0.020


2 17 17.5 17.25 14.25 803.75 120.00 2070.00 0.00 2070.00 0.30 1000.00 NA NA 3280.53 Sand N 2070.00 0.020


2 17.5 18 17.75 14.75 803.25 120.00 2130.00 0.00 2130.00 0.30 1000.00 NA NA 3225.31 Sand N 2130.00 0.019


2 18 18.5 18.25 15.25 802.75 120.00 2190.00 0.00 2190.00 0.30 1000.00 NA NA 3171.35 Sand N 2190.00 0.019


2 18.5 19 18.75 15.75 802.25 120.00 2250.00 0.00 2250.00 0.30 1000.00 NA NA 3118.63 Sand N 2250.00 0.019


2 19 19.5 19.25 16.25 801.75 120.00 2310.00 0.00 2310.00 0.30 1000.00 NA NA 3067.13 Sand N 2310.00 0.018


2 19.5 20 19.75 16.75 801.25 120.00 2370.00 0.00 2370.00 0.30 1000.00 NA NA 3016.83 Sand N 2370.00 0.018


2 20 20.5 20.25 17.25 800.75 120.00 2430.00 0.00 2430.00 0.30 1000.00 NA NA 2967.72 Sand N 2430.00 0.018


2 20.5 21 20.75 17.75 800.25 120.00 2490.00 0.00 2490.00 0.30 1000.00 NA NA 2919.76 Sand N 2490.00 0.018


2 21 21.5 21.25 18.25 799.75 120.00 2550.00 0.00 2550.00 0.30 1000.00 NA NA 2872.94 Sand N 2550.00 0.017


2 21.5 22 21.75 18.75 799.25 120.00 2610.00 0.00 2610.00 0.30 1000.00 NA NA 2827.24 Sand N 2610.00 0.017


2 22 22.5 22.25 19.25 798.75 120.00 2670.00 0.00 2670.00 0.30 1000.00 NA NA 2782.63 Sand N 2670.00 0.017


2 22.5 23 22.75 19.75 798.25 120.00 2730.00 0.00 2730.00 0.30 1000.00 NA NA 2739.09 Sand N 2730.00 0.016


2 23 23.5 23.25 20.25 797.75 120.00 2790.00 0.00 2790.00 0.30 1000.00 NA NA 2696.59 Sand N 2790.00 0.016


2 23.5 24 23.75 20.75 797.25 120.00 2850.00 0.00 2850.00 0.30 1000.00 NA NA 2655.11 Sand N 2850.00 0.016


2 24 24.5 24.25 21.25 796.75 120.00 2910.00 0.00 2910.00 0.30 1000.00 NA NA 2614.63 Sand N 2910.00 0.016


2 24.5 25 24.75 21.75 796.25 120.00 2970.00 0.00 2970.00 0.30 1000.00 NA NA 2575.12 Sand N 2970.00 0.015


2 25 25.5 25.25 22.25 795.75 120.00 3030.00 0.00 3030.00 0.30 1000.00 NA NA 2536.55 Sand N 3030.00 0.015


2 25.5 26 25.75 22.75 795.25 120.00 3090.00 0.00 3090.00 0.30 1000.00 NA NA 2498.91 Sand N 3090.00 0.015


3 26 26.5 26.25 23.25 794.75 120.00 3150.00 0.00 3150.00 0.30 1200.00 NA NA 2462.16 Sand N 3150.00 0.012


3 26.5 27 26.75 23.75 794.25 120.00 3210.00 0.00 3210.00 0.30 1200.00 NA NA 2426.29 Sand N 3210.00 0.012


3 27 27.5 27.25 24.25 793.75 120.00 3270.00 0.00 3270.00 0.30 1200.00 NA NA 2391.27 Sand N 3270.00 0.012


3 27.5 28 27.75 24.75 793.25 120.00 3330.00 0.00 3330.00 0.30 1200.00 NA NA 2357.09 Sand N 3330.00 0.012


3 28 28.5 28.25 25.25 792.75 120.00 3390.00 0.00 3390.00 0.30 1200.00 NA NA 2323.70 Sand N 3390.00 0.012


3 28.5 29 28.75 25.75 792.25 120.00 3450.00 0.00 3450.00 0.30 1200.00 NA NA 2291.10 Sand N 3450.00 0.011


3 29 29.5 29.25 26.25 791.75 120.00 3510.00 0.00 3510.00 0.30 1200.00 NA NA 2259.27 Sand N 3510.00 0.011


3 29.5 30 29.75 26.75 791.25 120.00 3570.00 0.00 3570.00 0.30 1200.00 NA NA 2228.18 Sand N 3570.00 0.011


3 30 30.5 30.25 27.25 790.75 120.00 3630.00 0.00 3630.00 0.30 1200.00 NA NA 2197.80 Sand N 3630.00 0.011


3 30.5 31 30.75 27.75 790.25 120.00 3690.00 0.00 3690.00 0.30 1200.00 NA NA 2168.13 Sand N 3690.00 0.011


3 31 31.5 31.25 28.25 789.75 120.00 3750.00 0.00 3750.00 0.30 1200.00 NA NA 2139.14 Sand N 3750.00 0.011


3 31.5 32 31.75 28.75 789.25 120.00 3810.00 0.00 3810.00 0.30 1200.00 NA NA 2110.82 Sand N 3810.00 0.011


3 32 32.5 32.25 29.25 788.75 120.00 3870.00 0.00 3870.00 0.30 1200.00 NA NA 2083.13 Sand N 3870.00 0.010


3 32.5 33 32.75 29.75 788.25 120.00 3930.00 0.00 3930.00 0.30 1200.00 NA NA 2056.07 Sand N 3930.00 0.010


3 33 33.5 33.25 30.25 787.75 120.00 3990.00 0.00 3990.00 0.30 1200.00 NA NA 2029.62 Sand N 3990.00 0.010


3 33.5 34 33.75 30.75 787.25 120.00 4050.00 0.00 4050.00 0.30 1200.00 NA NA 2003.76 Sand N 4050.00 0.010


3 34 34.5 34.25 31.25 786.75 120.00 4110.00 0.00 4110.00 0.30 1200.00 NA NA 1978.48 Sand N 4110.00 0.010


3 34.5 35 34.75 31.75 786.25 120.00 4170.00 0.00 4170.00 0.30 1200.00 NA NA 1953.75 Sand N 4170.00 0.010


3 35 35.5 35.25 32.25 785.75 120.00 4230.00 0.00 4230.00 0.30 1200.00 NA NA 1929.56 Sand N 4230.00 0.010


3 35.5 36 35.75 32.75 785.25 120.00 4290.00 0.00 4290.00 0.30 1200.00 NA NA 1905.90 Sand N 4290.00 0.010


3 36 36.5 36.25 33.25 784.75 120.00 4350.00 0.00 4350.00 0.30 1200.00 NA NA 1882.76 Sand N 4350.00 0.009


3 36.5 37 36.75 33.75 784.25 120.00 4410.00 0.00 4410.00 0.30 1200.00 NA NA 1860.11 Sand N 4410.00 0.009


3 37 37.5 37.25 34.25 783.75 120.00 4470.00 0.00 4470.00 0.30 1200.00 NA NA 1837.94 Sand N 4470.00 0.009


3 37.5 38 37.75 34.75 783.25 120.00 4530.00 0.00 4530.00 0.30 1200.00 NA NA 1816.24 Sand N 4530.00 0.009


3 38 38.5 38.25 35.25 782.75 120.00 4590.00 0.00 4590.00 0.30 1200.00 NA NA 1795.00 Sand N 4590.00 0.009


3 38.5 39 38.75 35.75 782.25 120.00 4650.00 0.00 4650.00 0.30 1200.00 NA NA 1774.21 Sand N 4650.00 0.009


3 39 39.5 39.25 36.25 781.75 120.00 4710.00 0.00 4710.00 0.30 1200.00 NA NA 1753.84 Sand N 4710.00 0.009


3 39.5 40 39.75 36.75 781.25 120.00 4770.00 0.00 4770.00 0.30 1200.00 NA NA 1733.90 Sand N 4770.00 0.009


3 40 40.5 40.25 37.25 780.75 120.00 4830.00 0.00 4830.00 0.30 1200.00 NA NA 1714.37 Sand N 4830.00 0.009


3 40.5 41 40.75 37.75 780.25 120.00 4890.00 0.00 4890.00 0.30 1200.00 NA NA 1695.23 Sand N 4890.00 0.008


3 41 41.5 41.25 38.25 779.75 120.00 4950.00 0.00 4950.00 0.30 1200.00 NA NA 1676.48 Sand N 4950.00 0.008


3 41.5 42 41.75 38.75 779.25 120.00 5010.00 0.00 5010.00 0.30 1200.00 NA NA 1658.10 Sand N 5010.00 0.008


3 42 42.5 42.25 39.25 778.75 120.00 5070.00 0.00 5070.00 0.30 1200.00 NA NA 1640.09 Sand N 5070.00 0.008


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


Soil Type


3 42.5 43 42.75 39.75 778.25 120.00 5130.00 0.00 5130.00 0.30 1200.00 NA NA 1622.44 Sand N 5130.00 0.008


3 43 43.5 43.25 40.25 777.75 120.00 5190.00 0.00 5190.00 0.30 1200.00 NA NA 1605.13 Sand N 5190.00 0.008


3 43.5 44 43.75 40.75 777.25 120.00 5250.00 0.00 5250.00 0.30 1200.00 NA NA 1588.16 Sand N 5250.00 0.008


3 44 44.5 44.25 41.25 776.75 120.00 5310.00 0.00 5310.00 0.30 1200.00 NA NA 1571.52 Sand N 5310.00 0.008


3 44.5 45 44.75 41.75 776.25 120.00 5370.00 0.00 5370.00 0.30 1200.00 NA NA 1555.20 Sand N 5370.00 0.008


3 45 45.5 45.25 42.25 775.75 120.00 5430.00 0.00 5430.00 0.30 1200.00 NA NA 1539.19 Sand N 5430.00 0.008


3 45.5 46 45.75 42.75 775.25 120.00 5490.00 0.00 5490.00 0.30 1200.00 NA NA 1523.48 Sand N 5490.00 0.008


3 46 46.5 46.25 43.25 774.75 120.00 5550.00 0.00 5550.00 0.30 1200.00 NA NA 1508.07 Sand N 5550.00 0.008


3 46.5 47 46.75 43.75 774.25 120.00 5610.00 0.00 5610.00 0.30 1200.00 NA NA 1492.94 Sand N 5610.00 0.007


Estimated Settlement 1.16
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2.292


Name: Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 600 psf


Phi: 32 °


* Note: RW 343 is only showing the locaiton of the wall not the actual dimension. Actual dimention may vary


RW 343*


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 343 @ Station 344+00
Static Analysis


Surcharge Load = 240 psf


Wall Height = 12 ft


Distance (feet)
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1.689


Name: Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 600 psf


Phi: 32 °


* Note: RW 343 is only showing the locaiton of the wall not the actual dimension. Actual dimention may vary


RW 343*


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 343 @ Station 344+00
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 12 ft


Distance (feet)
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2.733


Name: Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 600 psf


Phi: 32 °


* Note: RW 343 is only showing the locaiton of the wall not the actual dimension. Actual dimention may vary


RW 343*


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 343 @ Station 349+50
Static Analysis


Surcharge Load = 240 psf


Wall Height = 25 ft


Offset (feet)
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2.230


Name: Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 600 psf


Phi: 32 °


* Note: RW 343 is only showing the locaiton of the wall not the actual dimension. Actual dimention may vary


RW 343*


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 343 @ Station 349+50


Pseudo Static Analysis


kh = 0.147


Surcharge Load = 240 psf


Wall Height = 25 ft


Offset (feet)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 344 - Level ground


Width of the Wall is 16.75 ft


Date: 5/6/2008


Input Parameters (from Input-Output Sheet)


c cohesion 100 psf 4.7880259 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 16.75 feet 5.11 m


L length of foundation 245 feet 74.67 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.05


Fqs 1.05


Fγs 0.97


Depth Factors


Fcd 1.07


Fqd 1.05


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 56.4 ksf 2699 kPa


qall 18.8 ksf 900 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 344


Width of the Foundation is 16.75 ft


Date: 5/6/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 120 0.3 NA NA 900 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 9 6 120 0.3 NA NA 900 Sand N NA


Depth Interval 0.5 ft 3 9 41 32 120 0.3 NA NA 1000 Sand N NA


Footing Length 245 ft


Footing Width 16.75 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 122.5 ft


Calculation Point offset Along Width 8.375 ft


Ground Surface Elevation 841 ft MSL


Foundation Pressure 8000 psf


Net Foundation Pressure 7640 psf Total Layer Thickness 41 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.69


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 840.75 120.00 30.00 0.00 30.00 0.30 900.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 840.25 120.00 90.00 0.00 90.00 0.30 900.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 839.75 120.00 150.00 0.00 150.00 0.30 900.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 839.25 120.00 210.00 0.00 210.00 0.30 900.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 838.75 120.00 270.00 0.00 270.00 0.30 900.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 838.25 120.00 330.00 0.00 330.00 0.30 900.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 837.75 120.00 390.00 0.00 390.00 0.30 900.00 NA NA 7562.22 Sand N 390.00 0.050


2 3.5 4 3.75 0.75 837.25 120.00 450.00 0.00 450.00 0.30 900.00 NA NA 7406.82 Sand N 450.00 0.049


2 4 4.5 4.25 1.25 836.75 120.00 510.00 0.00 510.00 0.30 900.00 NA NA 7251.88 Sand N 510.00 0.048


2 4.5 5 4.75 1.75 836.25 120.00 570.00 0.00 570.00 0.30 900.00 NA NA 7097.73 Sand N 570.00 0.047


2 5 5.5 5.25 2.25 835.75 120.00 630.00 0.00 630.00 0.30 900.00 NA NA 6944.66 Sand N 630.00 0.046


2 5.5 6 5.75 2.75 835.25 120.00 690.00 0.00 690.00 0.30 900.00 NA NA 6792.95 Sand N 690.00 0.045


2 6 6.5 6.25 3.25 834.75 120.00 750.00 0.00 750.00 0.30 900.00 NA NA 6642.88 Sand N 750.00 0.044


2 6.5 7 6.75 3.75 834.25 120.00 810.00 0.00 810.00 0.30 900.00 NA NA 6494.69 Sand N 810.00 0.043


2 7 7.5 7.25 4.25 833.75 120.00 870.00 0.00 870.00 0.30 900.00 NA NA 6348.62 Sand N 870.00 0.042


2 7.5 8 7.75 4.75 833.25 120.00 930.00 0.00 930.00 0.30 900.00 NA NA 6204.88 Sand N 930.00 0.041


2 8 8.5 8.25 5.25 832.75 120.00 990.00 0.00 990.00 0.30 900.00 NA NA 6063.66 Sand N 990.00 0.040


2 8.5 9 8.75 5.75 832.25 120.00 1050.00 0.00 1050.00 0.30 900.00 NA NA 5925.12 Sand N 1050.00 0.040


3 9 9.5 9.25 6.25 831.75 120.00 1110.00 0.00 1110.00 0.30 1000.00 NA NA 5789.40 Sand N 1110.00 0.035


3 9.5 10 9.75 6.75 831.25 120.00 1170.00 0.00 1170.00 0.30 1000.00 NA NA 5656.62 Sand N 1170.00 0.034


3 10 10.5 10.25 7.25 830.75 120.00 1230.00 0.00 1230.00 0.30 1000.00 NA NA 5526.88 Sand N 1230.00 0.033


3 10.5 11 10.75 7.75 830.25 120.00 1290.00 0.00 1290.00 0.30 1000.00 NA NA 5400.24 Sand N 1290.00 0.032


3 11 11.5 11.25 8.25 829.75 120.00 1350.00 0.00 1350.00 0.30 1000.00 NA NA 5276.76 Sand N 1350.00 0.032


3 11.5 12 11.75 8.75 829.25 120.00 1410.00 0.00 1410.00 0.30 1000.00 NA NA 5156.49 Sand N 1410.00 0.031


3 12 12.5 12.25 9.25 828.75 120.00 1470.00 0.00 1470.00 0.30 1000.00 NA NA 5039.42 Sand N 1470.00 0.030


3 12.5 13 12.75 9.75 828.25 120.00 1530.00 0.00 1530.00 0.30 1000.00 NA NA 4925.57 Sand N 1530.00 0.030


3 13 13.5 13.25 10.25 827.75 120.00 1590.00 0.00 1590.00 0.30 1000.00 NA NA 4814.92 Sand N 1590.00 0.029


3 13.5 14 13.75 10.75 827.25 120.00 1650.00 0.00 1650.00 0.30 1000.00 NA NA 4707.45 Sand N 1650.00 0.028


3 14 14.5 14.25 11.25 826.75 120.00 1710.00 0.00 1710.00 0.30 1000.00 NA NA 4603.12 Sand N 1710.00 0.028


3 14.5 15 14.75 11.75 826.25 120.00 1770.00 0.00 1770.00 0.30 1000.00 NA NA 4501.88 Sand N 1770.00 0.027


3 15 15.5 15.25 12.25 825.75 120.00 1830.00 0.00 1830.00 0.30 1000.00 NA NA 4403.69 Sand N 1830.00 0.026


3 15.5 16 15.75 12.75 825.25 120.00 1890.00 0.00 1890.00 0.30 1000.00 NA NA 4308.49 Sand N 1890.00 0.026


3 16 16.5 16.25 13.25 824.75 120.00 1950.00 0.00 1950.00 0.30 1000.00 NA NA 4216.20 Sand N 1950.00 0.025


3 16.5 17 16.75 13.75 824.25 120.00 2010.00 0.00 2010.00 0.30 1000.00 NA NA 4126.75 Sand N 2010.00 0.025


3 17 17.5 17.25 14.25 823.75 120.00 2070.00 0.00 2070.00 0.30 1000.00 NA NA 4040.09 Sand N 2070.00 0.024


3 17.5 18 17.75 14.75 823.25 120.00 2130.00 0.00 2130.00 0.30 1000.00 NA NA 3956.12 Sand N 2130.00 0.024


3 18 18.5 18.25 15.25 822.75 120.00 2190.00 0.00 2190.00 0.30 1000.00 NA NA 3874.77 Sand N 2190.00 0.023


3 18.5 19 18.75 15.75 822.25 120.00 2250.00 0.00 2250.00 0.30 1000.00 NA NA 3795.96 Sand N 2250.00 0.023


3 19 19.5 19.25 16.25 821.75 120.00 2310.00 0.00 2310.00 0.30 1000.00 NA NA 3719.62 Sand N 2310.00 0.022


3 19.5 20 19.75 16.75 821.25 120.00 2370.00 0.00 2370.00 0.30 1000.00 NA NA 3645.66 Sand N 2370.00 0.022


3 20 20.5 20.25 17.25 820.75 120.00 2430.00 0.00 2430.00 0.30 1000.00 NA NA 3574.01 Sand N 2430.00 0.021


3 20.5 21 20.75 17.75 820.25 120.00 2490.00 0.00 2490.00 0.30 1000.00 NA NA 3504.59 Sand N 2490.00 0.021


3 21 21.5 21.25 18.25 819.75 120.00 2550.00 0.00 2550.00 0.30 1000.00 NA NA 3437.33 Sand N 2550.00 0.021


3 21.5 22 21.75 18.75 819.25 120.00 2610.00 0.00 2610.00 0.30 1000.00 NA NA 3372.14 Sand N 2610.00 0.020


3 22 22.5 22.25 19.25 818.75 120.00 2670.00 0.00 2670.00 0.30 1000.00 NA NA 3308.95 Sand N 2670.00 0.020


3 22.5 23 22.75 19.75 818.25 120.00 2730.00 0.00 2730.00 0.30 1000.00 NA NA 3247.70 Sand N 2730.00 0.019


3 23 23.5 23.25 20.25 817.75 120.00 2790.00 0.00 2790.00 0.30 1000.00 NA NA 3188.31 Sand N 2790.00 0.019


3 23.5 24 23.75 20.75 817.25 120.00 2850.00 0.00 2850.00 0.30 1000.00 NA NA 3130.72 Sand N 2850.00 0.019


3 24 24.5 24.25 21.25 816.75 120.00 2910.00 0.00 2910.00 0.30 1000.00 NA NA 3074.85 Sand N 2910.00 0.018


3 24.5 25 24.75 21.75 816.25 120.00 2970.00 0.00 2970.00 0.30 1000.00 NA NA 3020.66 Sand N 2970.00 0.018


3 25 25.5 25.25 22.25 815.75 120.00 3030.00 0.00 3030.00 0.30 1000.00 NA NA 2968.07 Sand N 3030.00 0.018


3 25.5 26 25.75 22.75 815.25 120.00 3090.00 0.00 3090.00 0.30 1000.00 NA NA 2917.03 Sand N 3090.00 0.018


3 26 26.5 26.25 23.25 814.75 120.00 3150.00 0.00 3150.00 0.30 1000.00 NA NA 2867.47 Sand N 3150.00 0.017


3 26.5 27 26.75 23.75 814.25 120.00 3210.00 0.00 3210.00 0.30 1000.00 NA NA 2819.35 Sand N 3210.00 0.017


3 27 27.5 27.25 24.25 813.75 120.00 3270.00 0.00 3270.00 0.30 1000.00 NA NA 2772.61 Sand N 3270.00 0.017


3 27.5 28 27.75 24.75 813.25 120.00 3330.00 0.00 3330.00 0.30 1000.00 NA NA 2727.20 Sand N 3330.00 0.016


3 28 28.5 28.25 25.25 812.75 120.00 3390.00 0.00 3390.00 0.30 1000.00 NA NA 2683.08 Sand N 3390.00 0.016


3 28.5 29 28.75 25.75 812.25 120.00 3450.00 0.00 3450.00 0.30 1000.00 NA NA 2640.18 Sand N 3450.00 0.016


3 29 29.5 29.25 26.25 811.75 120.00 3510.00 0.00 3510.00 0.30 1000.00 NA NA 2598.48 Sand N 3510.00 0.016


3 29.5 30 29.75 26.75 811.25 120.00 3570.00 0.00 3570.00 0.30 1000.00 NA NA 2557.92 Sand N 3570.00 0.015


3 30 30.5 30.25 27.25 810.75 120.00 3630.00 0.00 3630.00 0.30 1000.00 NA NA 2518.47 Sand N 3630.00 0.015


3 30.5 31 30.75 27.75 810.25 120.00 3690.00 0.00 3690.00 0.30 1000.00 NA NA 2480.08 Sand N 3690.00 0.015


3 31 31.5 31.25 28.25 809.75 120.00 3750.00 0.00 3750.00 0.30 1000.00 NA NA 2442.72 Sand N 3750.00 0.015


3 31.5 32 31.75 28.75 809.25 120.00 3810.00 0.00 3810.00 0.30 1000.00 NA NA 2406.34 Sand N 3810.00 0.014


3 32 32.5 32.25 29.25 808.75 120.00 3870.00 0.00 3870.00 0.30 1000.00 NA NA 2370.92 Sand N 3870.00 0.014


3 32.5 33 32.75 29.75 808.25 120.00 3930.00 0.00 3930.00 0.30 1000.00 NA NA 2336.42 Sand N 3930.00 0.014


3 33 33.5 33.25 30.25 807.75 120.00 3990.00 0.00 3990.00 0.30 1000.00 NA NA 2302.81 Sand N 3990.00 0.014


3 33.5 34 33.75 30.75 807.25 120.00 4050.00 0.00 4050.00 0.30 1000.00 NA NA 2270.05 Sand N 4050.00 0.014


3 34 34.5 34.25 31.25 806.75 120.00 4110.00 0.00 4110.00 0.30 1000.00 NA NA 2238.12 Sand N 4110.00 0.013


3 34.5 35 34.75 31.75 806.25 120.00 4170.00 0.00 4170.00 0.30 1000.00 NA NA 2206.99 Sand N 4170.00 0.013


3 35 35.5 35.25 32.25 805.75 120.00 4230.00 0.00 4230.00 0.30 1000.00 NA NA 2176.62 Sand N 4230.00 0.013


3 35.5 36 35.75 32.75 805.25 120.00 4290.00 0.00 4290.00 0.30 1000.00 NA NA 2147.00 Sand N 4290.00 0.013


3 36 36.5 36.25 33.25 804.75 120.00 4350.00 0.00 4350.00 0.30 1000.00 NA NA 2118.10 Sand N 4350.00 0.013


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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1.839


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Wall Height = 30 ft


Width of the Wall = 16.75 ft


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 250 psf


Phi: 36 °


Slope Stability Analysis 


State Route 91 Soundwalls and Retaining Walls Project


Retaining Wall 344 @ Station 343+50


Static Analysis


Offset (feet)
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1.456


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Wall Height = 30 ft


Width of the Wall = 16.75 ft


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 250 psf


Phi: 36 °


Slope Stability Analysis 


State Route 91 Soundwalls and Retaining Walls Project


Retaining Wall 344 @ Station 343+50


Pseudo Static Analysis


kh = 0.147


Offset (feet)
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by YSU Date 05/24/08
Project No. : 30989802 Checked by Date 05/24/08
Wall No.: RW 344


β = 26.6 deg


1


2


φ = 34 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,


 


0.41


1.97


0.64


Equivalent Fluid Pressure, EFP = K γ


0.41x18.84


= 7.7 kPa/m


= 48.7 psf/ft


1.97x18.84


= 37.1 kPa/m


= 236.3 psf/ft


0.64X18.84


= 12.0 kPa/m


= 76.6 psf/ft


Active EFP = Ka γ = 


Passive EFP = Kp γ = 


At-rest EFP = Ko γ = 


Ignore Cohesion
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 346 - Level ground


Width of the Wall is 8 ft


Date: 5/24/2008


Input Parameters (from Input-Output Sheet)


c cohesion 200 psf 9.5760518 kPa


φ friction angle 32 degrees 32 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 8 feet 2.44 m


L length of foundation 185 feet 56.39 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 0 feet 0.00 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 23.18


Nc 35.49


Nγ 30.21


Shape Factors


Fcs 1.03


Fqs 1.03


Fγs 0.98


Depth Factors


Fcd 1.15


Fqd 1.10


Fγd 1.00


Effects of Water Table


q 172.80 psf 8.3 kPa


γ 57.60 pcf 9.0432 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 19.7 ksf 945 kPa


qall 6.6 ksf 315 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 346


Width of the Foundation is 8.0 ft


Date: 5/24/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 0 ft 1 0 3 3 120 0.3 NA NA 800 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 5 2 120 0.3 0.033 0.0033 800 Clay N NA


Depth Interval 0.5 ft 3 5 27 22 120 0.3 NA NA 800 Sand N NA


Footing Length 185 ft


Footing Width 8 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 92.5 ft


Calculation Point offset Along Width 4 ft


Ground Surface Elevation 827 ft MSL


Foundation Pressure 5900 psf


Net Foundation Pressure 5727 psf Total Layer Thickness 27 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.67


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 826.75 120.00 30.00 15.60 14.40 0.30 800.00 NA NA 0.00 Sand N 14.40 0.000


1 0.5 1 0.75 0 826.25 120.00 90.00 46.80 43.20 0.30 800.00 NA NA 0.00 Sand N 43.20 0.000


1 1 1.5 1.25 0 825.75 120.00 150.00 78.00 72.00 0.30 800.00 NA NA 0.00 Sand N 72.00 0.000


1 1.5 2 1.75 0 825.25 120.00 210.00 109.20 100.80 0.30 800.00 NA NA 0.00 Sand N 100.80 0.000


1 2 2.5 2.25 0 824.75 120.00 270.00 140.40 129.60 0.30 800.00 NA NA 0.00 Sand N 129.60 0.000


1 2.5 3 2.75 0 824.25 120.00 330.00 171.60 158.40 0.30 800.00 NA NA 0.00 Sand N 158.40 0.000


2 3 3.5 3.25 0.25 823.75 120.00 390.00 202.80 187.20 0.30 800.00 0.033 0.0033 5605.33 Clay N 187.20 0.295


2 3.5 4 3.75 0.75 823.25 120.00 450.00 234.00 216.00 0.30 800.00 0.033 0.0033 5362.66 Clay N 216.00 0.280


2 4 4.5 4.25 1.25 822.75 120.00 510.00 265.20 244.80 0.30 800.00 0.033 0.0033 5123.17 Clay N 244.80 0.266


2 4.5 5 4.75 1.75 822.25 120.00 570.00 296.40 273.60 0.30 800.00 0.033 0.0033 4888.81 Clay N 273.60 0.253


3 5 5.5 5.25 2.25 821.75 120.00 630.00 327.60 302.40 0.30 800.00 NA NA 4661.27 Sand N 302.40 0.035


3 5.5 6 5.75 2.75 821.25 120.00 690.00 358.80 331.20 0.30 800.00 NA NA 4441.94 Sand N 331.20 0.033


3 6 6.5 6.25 3.25 820.75 120.00 750.00 390.00 360.00 0.30 800.00 NA NA 4231.86 Sand N 360.00 0.032


3 6.5 7 6.75 3.75 820.25 120.00 810.00 421.20 388.80 0.30 800.00 NA NA 4031.76 Sand N 388.80 0.030


3 7 7.5 7.25 4.25 819.75 120.00 870.00 452.40 417.60 0.30 800.00 NA NA 3842.06 Sand N 417.60 0.029


3 7.5 8 7.75 4.75 819.25 120.00 930.00 483.60 446.40 0.30 800.00 NA NA 3662.92 Sand N 446.40 0.027


3 8 8.5 8.25 5.25 818.75 120.00 990.00 514.80 475.20 0.30 800.00 NA NA 3494.26 Sand N 475.20 0.026


3 8.5 9 8.75 5.75 818.25 120.00 1050.00 546.00 504.00 0.30 800.00 NA NA 3335.84 Sand N 504.00 0.025


3 9 9.5 9.25 6.25 817.75 120.00 1110.00 577.20 532.80 0.30 800.00 NA NA 3187.31 Sand N 532.80 0.024


3 9.5 10 9.75 6.75 817.25 120.00 1170.00 608.40 561.60 0.30 800.00 NA NA 3048.21 Sand N 561.60 0.023


3 10 10.5 10.25 7.25 816.75 120.00 1230.00 639.60 590.40 0.30 800.00 NA NA 2918.04 Sand N 590.40 0.022


3 10.5 11 10.75 7.75 816.25 120.00 1290.00 670.80 619.20 0.30 800.00 NA NA 2796.25 Sand N 619.20 0.021


3 11 11.5 11.25 8.25 815.75 120.00 1350.00 702.00 648.00 0.30 800.00 NA NA 2682.32 Sand N 648.00 0.020


3 11.5 12 11.75 8.75 815.25 120.00 1410.00 733.20 676.80 0.30 800.00 NA NA 2575.70 Sand N 676.80 0.019


3 12 12.5 12.25 9.25 814.75 120.00 1470.00 764.40 705.60 0.30 800.00 NA NA 2475.87 Sand N 705.60 0.019


3 12.5 13 12.75 9.75 814.25 120.00 1530.00 795.60 734.40 0.30 800.00 NA NA 2382.35 Sand N 734.40 0.018


3 13 13.5 13.25 10.25 813.75 120.00 1590.00 826.80 763.20 0.30 800.00 NA NA 2294.65 Sand N 763.20 0.017


3 13.5 14 13.75 10.75 813.25 120.00 1650.00 858.00 792.00 0.30 800.00 NA NA 2212.35 Sand N 792.00 0.017


3 14 14.5 14.25 11.25 812.75 120.00 1710.00 889.20 820.80 0.30 800.00 NA NA 2135.03 Sand N 820.80 0.016


3 14.5 15 14.75 11.75 812.25 120.00 1770.00 920.40 849.60 0.30 800.00 NA NA 2062.32 Sand N 849.60 0.015


3 15 15.5 15.25 12.25 811.75 120.00 1830.00 951.60 878.40 0.30 800.00 NA NA 1993.87 Sand N 878.40 0.015


3 15.5 16 15.75 12.75 811.25 120.00 1890.00 982.80 907.20 0.30 800.00 NA NA 1929.36 Sand N 907.20 0.014


3 16 16.5 16.25 13.25 810.75 120.00 1950.00 1014.00 936.00 0.30 800.00 NA NA 1868.49 Sand N 936.00 0.014


3 16.5 17 16.75 13.75 810.25 120.00 2010.00 1045.20 964.80 0.30 800.00 NA NA 1811.00 Sand N 964.80 0.014


3 17 17.5 17.25 14.25 809.75 120.00 2070.00 1076.40 993.60 0.30 800.00 NA NA 1756.63 Sand N 993.60 0.013


3 17.5 18 17.75 14.75 809.25 120.00 2130.00 1107.60 1022.40 0.30 800.00 NA NA 1705.16 Sand N 1022.40 0.013


3 18 18.5 18.25 15.25 808.75 120.00 2190.00 1138.80 1051.20 0.30 800.00 NA NA 1656.38 Sand N 1051.20 0.012


3 18.5 19 18.75 15.75 808.25 120.00 2250.00 1170.00 1080.00 0.30 800.00 NA NA 1610.10 Sand N 1080.00 0.012


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 346\Calculations\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 0  - RW 346 (width 8.0 ft) (Elastic Modulus and 1D 
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1.627


Name: Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Wall Height = 14 ft


Width of the Wall = 8.0 ft


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 200 psf


Phi: 32 °


surcharge load = 240 psf


RW 346


Slope Stability Analysis 


State Route 91 Soundwalls and Retaining Walls Project


Retaining Wall 346 @ Station 347+00 on Flood Zone


Static Analysis


Offset (feet)
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1 2
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1.377


Name: Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Wall Height = 14 ft


Width of the Wall = 8.0 ft


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 200 psf


Phi: 32 °


surcharge load = 240 psf


RW 346


Slope Stability Analysis 


State Route 91 Soundwalls and Retaining Walls Project


Retaining Wall 346 @ Station 347+00 on Flood Zone


Pseudo Static Analysis


kh = 0.147


Offset (feet)
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Wall No
Thickness 


of Clay 


Layer (ft)


Depth of 


Water 


Table (ft) LL


Cv                  


(ft
2
/day)


Time 


factor T50


Time 


factor 


T90


t50            


(days)


t90               


(days)


RW 346 2 0.0 32 0.43 0.05 0.848 0 2


Note:


Cv is based on correlation from NAVFEC 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 348


Width of the Wall is 14.25 ft


Date: 5/8/2008


Input Parameters (from Input-Output Sheet)


c cohesion 200 psf 9.5760518 kPa


φ friction angle 32 degrees 32 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 14.25 feet 4.34 m


L length of foundation 690 feet 210.30 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 23.18


Nc 35.49


Nγ 30.21


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.08


Fqd 1.06


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 42.3 ksf 2024 kPa


qall 14.1 ksf 675 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 348


Width of the Foundation is 14.25 ft


Date: 5/8/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 120 0.3 NA NA 800 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 38 35 120 0.3 NA NA 800 Sand N NA


Depth Interval 0.5 ft


Footing Length 690 ft


Footing Width 14.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 345 ft


Calculation Point offset Along Width 7.125 ft


Ground Surface Elevation 838 ft MSL


Foundation Pressure 7500 psf


Net Foundation Pressure 7140 psf Total Layer Thickness 38 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.63


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 837.75 120.00 30.00 0.00 30.00 0.30 800.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 837.25 120.00 90.00 0.00 90.00 0.30 800.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 836.75 120.00 150.00 0.00 150.00 0.30 800.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 836.25 120.00 210.00 0.00 210.00 0.30 800.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 835.75 120.00 270.00 0.00 270.00 0.30 800.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 835.25 120.00 330.00 0.00 330.00 0.30 800.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 834.75 120.00 390.00 0.00 390.00 0.30 800.00 NA NA 7054.74 Sand N 390.00 0.053


2 3.5 4 3.75 0.75 834.25 120.00 450.00 0.00 450.00 0.30 800.00 NA NA 6884.46 Sand N 450.00 0.052


2 4 4.5 4.25 1.25 833.75 120.00 510.00 0.00 510.00 0.30 800.00 NA NA 6714.90 Sand N 510.00 0.050


2 4.5 5 4.75 1.75 833.25 120.00 570.00 0.00 570.00 0.30 800.00 NA NA 6546.51 Sand N 570.00 0.049


2 5 5.5 5.25 2.25 832.75 120.00 630.00 0.00 630.00 0.30 800.00 NA NA 6379.74 Sand N 630.00 0.048


2 5.5 6 5.75 2.75 832.25 120.00 690.00 0.00 690.00 0.30 800.00 NA NA 6215.01 Sand N 690.00 0.047


2 6 6.5 6.25 3.25 831.75 120.00 750.00 0.00 750.00 0.30 800.00 NA NA 6052.71 Sand N 750.00 0.045


2 6.5 7 6.75 3.75 831.25 120.00 810.00 0.00 810.00 0.30 800.00 NA NA 5893.18 Sand N 810.00 0.044


2 7 7.5 7.25 4.25 830.75 120.00 870.00 0.00 870.00 0.30 800.00 NA NA 5736.74 Sand N 870.00 0.043


2 7.5 8 7.75 4.75 830.25 120.00 930.00 0.00 930.00 0.30 800.00 NA NA 5583.66 Sand N 930.00 0.042


2 8 8.5 8.25 5.25 829.75 120.00 990.00 0.00 990.00 0.30 800.00 NA NA 5434.16 Sand N 990.00 0.041


2 8.5 9 8.75 5.75 829.25 120.00 1050.00 0.00 1050.00 0.30 800.00 NA NA 5288.43 Sand N 1050.00 0.040


2 9 9.5 9.25 6.25 828.75 120.00 1110.00 0.00 1110.00 0.30 800.00 NA NA 5146.62 Sand N 1110.00 0.039


2 9.5 10 9.75 6.75 828.25 120.00 1170.00 0.00 1170.00 0.30 800.00 NA NA 5008.84 Sand N 1170.00 0.038


2 10 10.5 10.25 7.25 827.75 120.00 1230.00 0.00 1230.00 0.30 800.00 NA NA 4875.16 Sand N 1230.00 0.037


2 10.5 11 10.75 7.75 827.25 120.00 1290.00 0.00 1290.00 0.30 800.00 NA NA 4745.62 Sand N 1290.00 0.036


2 11 11.5 11.25 8.25 826.75 120.00 1350.00 0.00 1350.00 0.30 800.00 NA NA 4620.23 Sand N 1350.00 0.035


2 11.5 12 11.75 8.75 826.25 120.00 1410.00 0.00 1410.00 0.30 800.00 NA NA 4498.98 Sand N 1410.00 0.034


2 12 12.5 12.25 9.25 825.75 120.00 1470.00 0.00 1470.00 0.30 800.00 NA NA 4381.83 Sand N 1470.00 0.033


2 12.5 13 12.75 9.75 825.25 120.00 1530.00 0.00 1530.00 0.30 800.00 NA NA 4268.72 Sand N 1530.00 0.032


2 13 13.5 13.25 10.25 824.75 120.00 1590.00 0.00 1590.00 0.30 800.00 NA NA 4159.58 Sand N 1590.00 0.031


2 13.5 14 13.75 10.75 824.25 120.00 1650.00 0.00 1650.00 0.30 800.00 NA NA 4054.32 Sand N 1650.00 0.030


2 14 14.5 14.25 11.25 823.75 120.00 1710.00 0.00 1710.00 0.30 800.00 NA NA 3952.85 Sand N 1710.00 0.030


2 14.5 15 14.75 11.75 823.25 120.00 1770.00 0.00 1770.00 0.30 800.00 NA NA 3855.07 Sand N 1770.00 0.029


2 15 15.5 15.25 12.25 822.75 120.00 1830.00 0.00 1830.00 0.30 800.00 NA NA 3760.85 Sand N 1830.00 0.028


2 15.5 16 15.75 12.75 822.25 120.00 1890.00 0.00 1890.00 0.30 800.00 NA NA 3670.09 Sand N 1890.00 0.028


2 16 16.5 16.25 13.25 821.75 120.00 1950.00 0.00 1950.00 0.30 800.00 NA NA 3582.66 Sand N 1950.00 0.027


2 16.5 17 16.75 13.75 821.25 120.00 2010.00 0.00 2010.00 0.30 800.00 NA NA 3498.45 Sand N 2010.00 0.026


2 17 17.5 17.25 14.25 820.75 120.00 2070.00 0.00 2070.00 0.30 800.00 NA NA 3417.34 Sand N 2070.00 0.026


2 17.5 18 17.75 14.75 820.25 120.00 2130.00 0.00 2130.00 0.30 800.00 NA NA 3339.20 Sand N 2130.00 0.025


2 18 18.5 18.25 15.25 819.75 120.00 2190.00 0.00 2190.00 0.30 800.00 NA NA 3263.93 Sand N 2190.00 0.024


2 18.5 19 18.75 15.75 819.25 120.00 2250.00 0.00 2250.00 0.30 800.00 NA NA 3191.40 Sand N 2250.00 0.024


2 19 19.5 19.25 16.25 818.75 120.00 2310.00 0.00 2310.00 0.30 800.00 NA NA 3121.50 Sand N 2310.00 0.023


2 19.5 20 19.75 16.75 818.25 120.00 2370.00 0.00 2370.00 0.30 800.00 NA NA 3054.13 Sand N 2370.00 0.023


2 20 20.5 20.25 17.25 817.75 120.00 2430.00 0.00 2430.00 0.30 800.00 NA NA 2989.17 Sand N 2430.00 0.022


2 20.5 21 20.75 17.75 817.25 120.00 2490.00 0.00 2490.00 0.30 800.00 NA NA 2926.53 Sand N 2490.00 0.022


2 21 21.5 21.25 18.25 816.75 120.00 2550.00 0.00 2550.00 0.30 800.00 NA NA 2866.11 Sand N 2550.00 0.021


2 21.5 22 21.75 18.75 816.25 120.00 2610.00 0.00 2610.00 0.30 800.00 NA NA 2807.80 Sand N 2610.00 0.021


2 22 22.5 22.25 19.25 815.75 120.00 2670.00 0.00 2670.00 0.30 800.00 NA NA 2751.52 Sand N 2670.00 0.021


2 22.5 23 22.75 19.75 815.25 120.00 2730.00 0.00 2730.00 0.30 800.00 NA NA 2697.18 Sand N 2730.00 0.020


2 23 23.5 23.25 20.25 814.75 120.00 2790.00 0.00 2790.00 0.30 800.00 NA NA 2644.70 Sand N 2790.00 0.020


2 23.5 24 23.75 20.75 814.25 120.00 2850.00 0.00 2850.00 0.30 800.00 NA NA 2593.99 Sand N 2850.00 0.019


2 24 24.5 24.25 21.25 813.75 120.00 2910.00 0.00 2910.00 0.30 800.00 NA NA 2544.99 Sand N 2910.00 0.019


2 24.5 25 24.75 21.75 813.25 120.00 2970.00 0.00 2970.00 0.30 800.00 NA NA 2497.61 Sand N 2970.00 0.019


2 25 25.5 25.25 22.25 812.75 120.00 3030.00 0.00 3030.00 0.30 800.00 NA NA 2451.78 Sand N 3030.00 0.018


2 25.5 26 25.75 22.75 812.25 120.00 3090.00 0.00 3090.00 0.30 800.00 NA NA 2407.45 Sand N 3090.00 0.018


2 26 26.5 26.25 23.25 811.75 120.00 3150.00 0.00 3150.00 0.30 800.00 NA NA 2364.54 Sand N 3150.00 0.018


2 26.5 27 26.75 23.75 811.25 120.00 3210.00 0.00 3210.00 0.30 800.00 NA NA 2323.00 Sand N 3210.00 0.017


2 27 27.5 27.25 24.25 810.75 120.00 3270.00 0.00 3270.00 0.30 800.00 NA NA 2282.77 Sand N 3270.00 0.017


2 27.5 28 27.75 24.75 810.25 120.00 3330.00 0.00 3330.00 0.30 800.00 NA NA 2243.78 Sand N 3330.00 0.017


2 28 28.5 28.25 25.25 809.75 120.00 3390.00 0.00 3390.00 0.30 800.00 NA NA 2206.00 Sand N 3390.00 0.017


2 28.5 29 28.75 25.75 809.25 120.00 3450.00 0.00 3450.00 0.30 800.00 NA NA 2169.38 Sand N 3450.00 0.016


2 29 29.5 29.25 26.25 808.75 120.00 3510.00 0.00 3510.00 0.30 800.00 NA NA 2133.85 Sand N 3510.00 0.016


2 29.5 30 29.75 26.75 808.25 120.00 3570.00 0.00 3570.00 0.30 800.00 NA NA 2099.38 Sand N 3570.00 0.016


2 30 30.5 30.25 27.25 807.75 120.00 3630.00 0.00 3630.00 0.30 800.00 NA NA 2065.93 Sand N 3630.00 0.015


2 30.5 31 30.75 27.75 807.25 120.00 3690.00 0.00 3690.00 0.30 800.00 NA NA 2033.46 Sand N 3690.00 0.015


2 31 31.5 31.25 28.25 806.75 120.00 3750.00 0.00 3750.00 0.30 800.00 NA NA 2001.92 Sand N 3750.00 0.015


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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1.672


Surchaerge Load = 240 psf


Wall Height = 26 ft
Width of the Wall = 14.25 ft


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 200 psf


Phi: 32 °


Slope Stability Analysis 


State Route 91 Soundwalls and Retaining Walls Project
Retaining Wall 348 @ Station 354+50
Static Analysis


Offset (feet)
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1.390


Surchaerge Load = 240 psf


Wall Height = 26 ft
Width of the Wall = 14.25 ft


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 200 psf


Phi: 32 °


Slope Stability Analysis 
State Route 91 Soundwalls and Retaining Walls Project
Retaining Wall 348 @ Station 354+50


Pseudo Static Analysis
kh = 0.147
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by YSU Date 05/28/08
Project No. : 30989802 Checked by Date 05/28/08
Wall No.: RW 348


β = 26.6 deg


1


2


φ = 34 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,


 


0.41


1.97


0.64


Equivalent Fluid Pressure, EFP = K γ


0.41x18.84


= 7.7 kPa/m


= 48.7 psf/ft


1.97x18.84


= 37.1 kPa/m


= 236.3 psf/ft


0.64X18.84


= 12.0 kPa/m


= 76.6 psf/ft


Active EFP = Ka γ = 


Passive EFP = Kp γ = 


At-rest EFP = Ko γ = 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 351


Length of Soil Nail is 11 ft


Date: 4/25/2008


Input Parameters (from Input-Output Sheet)


c cohesion 470 psf 22.503722 kPa


φ friction angle 33 degrees 33 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 11 feet 3.35 m


L length of foundation 400 feet 121.91 m


Df depth of foundation 0 feet 0.00 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 26.09


Nc 38.64


Nγ 35.19


Shape Factors


Fcs 1.02


Fqs 1.02


Fγs 0.99


Depth Factors


Fcd 1.00


Fqd 1.00


Fγd 1.00


Effects of Water Table


q 0.00 psf 0.0 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 41.4 ksf 1981 kPa


qall 13.8 ksf 660 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 351 @ Station 354+50 


Static Analysis 


 


Wall Height = 17 ft 


 


 
 


 
 







Slope Stability Analysis - Retaining Wall 351 Static Analysis
File: Slope Stability Analysis - Retaining Wall 351 Static Analysis                 
                                      Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-24-2008          Time: 11:57:21     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 351 @ Station 354+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  17.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  26.6      6.7
 Second Slope from 1st slope. =   0.0     60.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =      6.0 ft 
 End Surcharge - Distance from toe   =     60.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     120.0     33.0     470.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
File: Slope Stability Analysis - Retaining Wall 351 Static Analysis                 
                                      Page -  2 
                   --------- WATER SURFACE ---------   
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Slope Stability Analysis - Retaining Wall 351 Static Analysis
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   3 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  11.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   2.0 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 351 Static Analysis                 
                                      Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     2.454         6.0       53.1    10.0     89.9   12.0
 
  Reinf. Stress at Level  1 =  13.318 Ksi (Pullout controls...)
                          2 =  13.330 Ksi (Pullout controls...)      
                          3 =  21.624 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     1.819        12.0       49.4   18.4     89.9    6.0
 
  Reinf. Stress at Level  1 =   0.488 Ksi (Pullout controls...)
                          2 =  10.534 Ksi (Pullout controls...)      
                          3 =  20.579 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
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Slope Stability Analysis - Retaining Wall 351 Static Analysis
NODE 3
     1.672        18.0       48.0   26.9     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   9.724 Ksi (Pullout controls...)      
                          3 =  20.174 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.755        24.0       39.8   31.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   4.453 Ksi (Pullout controls...)      
                          3 =  17.538 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.910        30.0       33.7   36.1     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  15.205 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     2.147        36.0       29.1   41.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  13.124 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     2.400        42.0       25.5   46.5     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  11.258 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     2.659        48.0       22.6   52.0     89.9    0.0
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Slope Stability Analysis - Retaining Wall 351 Static Analysis
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   9.574 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     2.923        54.0       20.3   57.6     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   8.047 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     3.188        60.0       18.4   63.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   6.657 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     0.000 Kips/level                             * 
      ******************************************************************** 


Page 4







Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 351 @ Station 354+50 


Pseudo Static Analysis 


kh = 0.147 


 


Wall Height = 17 ft 


 


 
 


 
 







Slope Stability Analysis - Retaining Wall 351 Pseudo Static Analysis
File: Slope Stability Analysis - Retaining Wall 351 Pseudo Static Analysis          
                                             Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-24-2008          Time: 11:58:35     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 351 @ Station 354+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  17.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  26.6      6.7
 Second Slope from 1st slope. =   0.0     60.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =      6.0 ft 
 End Surcharge - Distance from toe   =     60.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     120.0     33.0     470.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
File: Slope Stability Analysis - Retaining Wall 351 Pseudo Static Analysis          
                                             Page -  2 
   
                   --------- EARTHQUAKE ACCELERATION ---------   
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Slope Stability Analysis - Retaining Wall 351 Pseudo Static Analysis
   
 Horizontal Earthquake Coefficient  =  0.15 (a/g) 
 Vertical Earthquake Coefficient    =  0.00       
   
                   --------- WATER SURFACE ---------   
   
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   3 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  11.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   2.0 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 351 Pseudo Static Analysis          
                                             Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     2.241         6.0       63.4   13.4     89.9    8.0
 
  Reinf. Stress at Level  1 =  13.326 Ksi (Pullout controls...)
                          2 =  17.916 Ksi (Pullout controls...)      
                          3 =  24.270 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     1.487        12.0       49.4   18.4     89.9    6.0
 
  Reinf. Stress at Level  1 =   0.488 Ksi (Pullout controls...)
                          2 =  10.534 Ksi (Pullout controls...)      
                          3 =  20.579 Ksi (Pullout controls...)      
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Slope Stability Analysis - Retaining Wall 351 Pseudo Static Analysis
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     1.358        18.0       48.0   26.9     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   9.724 Ksi (Pullout controls...)      
                          3 =  20.174 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.380        24.0       39.8   31.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   4.453 Ksi (Pullout controls...)      
                          3 =  17.538 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.461        30.0       33.7   36.1     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  15.205 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     1.597        36.0       29.1   41.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  13.124 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     1.734        42.0       25.5   46.5     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  11.258 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
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Slope Stability Analysis - Retaining Wall 351 Pseudo Static Analysis
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     1.868        48.0       22.6   52.0     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   9.574 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     1.998        54.0       20.3   57.6     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   8.047 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     2.122        60.0       18.4   63.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   6.657 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     0.000 Kips/level                             * 
      ******************************************************************** 
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by SP Date 04/25/08
Project No. : 30989802 Checked by Date 04/25/08
Wall No.: RW 351


β = 26.6 deg


1


2


φ = 33 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,
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Equivalent Fluid Pressure, EFP = K γ


0.43x18.84


= 8.2 kPa/m


= 52.0 psf/ft


1.85x18.84


= 34.8 kPa/m


= 221.7 psf/ft


0.66X18.84


= 12.4 kPa/m


= 79.1 psf/ft


Active EFP = Ka γ = 


Passive EFP = Kp γ = 


At-rest EFP = Ko γ = 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 355


Length of Soil Nail is 18 ft


Date: 5/24/2008


Input Parameters (from Input-Output Sheet)


c cohesion 210 psf 10.054854 kPa


φ friction angle 36 degrees 36 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 18 feet 5.49 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 0 feet 0.00 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 37.75


Nc 50.59


Nγ 56.31


Shape Factors


Fcs 1.13


Fqs 1.13


Fγs 0.93


Depth Factors


Fcd 1.00


Fqd 1.00


Fγd 1.00


Effects of Water Table


q 0.00 psf 0.0 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 68.3 ksf 3273 kPa


qall 22.8 ksf 1091 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 355 @ Station 358+50 


Static Analysis 


 


Wall Height = 18 ft 


 
 


 







Slope Stability Analysis - Retaining Wall 355 Static Analysis
File: Slope Stability Analysis - Retaining Wall 355 Static Analysis                 
                                      Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-24-2008          Time: 15:08:10     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 355 @ Station 358+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  18.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  31.3     18.6
 Second Slope from 1st slope. =   0.0     80.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =     16.0 ft 
 End Surcharge - Distance from toe   =     60.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     120.0     36.0     210.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
File: Slope Stability Analysis - Retaining Wall 355 Static Analysis                 
                                      Page -  2 
                   --------- WATER SURFACE ---------   
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Slope Stability Analysis - Retaining Wall 355 Static Analysis
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   3 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  18.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   3.0 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 355 Static Analysis                 
                                      Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     2.573         6.0       65.2   14.3     89.9    8.7
 
  Reinf. Stress at Level  1 =  32.817 Ksi (Pullout controls...)
                          2 =  36.000 Ksi (Yield Stress controls.)   
                          3 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     2.158        12.0       46.5   10.5     74.8   18.3
 
  Reinf. Stress at Level  1 =  25.367 Ksi (Pullout controls...)
                          2 =  29.009 Ksi (Pullout controls...)      
                          3 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
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Slope Stability Analysis - Retaining Wall 355 Static Analysis
NODE 3
     1.827        18.0       45.7   15.5     66.5   18.1
 
  Reinf. Stress at Level  1 =  17.818 Ksi (Pullout controls...)
                          2 =  27.813 Ksi (Pullout controls...)      
                          3 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.648        24.0       42.7   16.3     54.1   20.5
 
  Reinf. Stress at Level  1 =  14.270 Ksi (Pullout controls...)
                          2 =  25.893 Ksi (Pullout controls...)      
                          3 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.647        30.0       24.8    6.6     46.1   34.6
 
  Reinf. Stress at Level  1 =   9.356 Ksi (Pullout controls...)
                          2 =  20.396 Ksi (Pullout controls...)      
                          3 =  31.437 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     1.689        36.0       21.0    7.7     40.8   38.1
 
  Reinf. Stress at Level  1 =   3.133 Ksi (Pullout controls...)
                          2 =  15.859 Ksi (Pullout controls...)      
                          3 =  28.585 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     1.798        42.0       23.7   13.8     37.0   36.8
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  10.715 Ksi (Pullout controls...)      
                          3 =  29.730 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     1.929        48.0       30.0   55.4     89.9    0.0
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  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  15.973 Ksi (Pullout controls...)      
                          3 =  33.043 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     2.080        54.0       27.1   60.7     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  13.171 Ksi (Pullout controls...)      
                          3 =  31.642 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     2.226        60.0       13.0   12.3     27.4   54.1
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.802 Ksi (Pullout controls...)      
                          3 =  21.202 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     4.018 Kips/level                             * 
      ******************************************************************** 
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Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 355 @ Station 358+50 


Pseudo Static Analysis 


kh = 0.147 


 


Wall Height = 18 ft 


 
 


 







Slope Stability Analysis - Retaining Wall 355 Pseudo Static Analysis
File: Slope Stability Analysis - Retaining Wall 355 Pseduo Static Analysis          
                                             Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-24-2008          Time: 15:10:24     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 355 @ Station 358+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  18.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  31.3     18.6
 Second Slope from 1st slope. =   0.0     80.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =     16.0 ft 
 End Surcharge - Distance from toe   =     60.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     120.0     36.0     210.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
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                   --------- EARTHQUAKE ACCELERATION ---------   
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Slope Stability Analysis - Retaining Wall 355 Pseudo Static Analysis
   
 Horizontal Earthquake Coefficient  =  0.15 (a/g) 
 Vertical Earthquake Coefficient    =  0.00       
   
                   --------- WATER SURFACE ---------   
   
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   3 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  18.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   3.0 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 355 Pseduo Static Analysis          
                                             Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     2.207         6.0       65.2   14.3     89.9    8.7
 
  Reinf. Stress at Level  1 =  32.817 Ksi (Pullout controls...)
                          2 =  36.000 Ksi (Yield Stress controls.)   
                          3 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     1.792        12.0       46.5   10.5     74.8   18.3
 
  Reinf. Stress at Level  1 =  25.367 Ksi (Pullout controls...)
                          2 =  29.009 Ksi (Pullout controls...)      
                          3 =  36.000 Ksi (Yield Stress controls.)   
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Slope Stability Analysis - Retaining Wall 355 Pseudo Static Analysis
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     1.477        18.0       45.7   15.5     66.5   18.1
 
  Reinf. Stress at Level  1 =  17.818 Ksi (Pullout controls...)
                          2 =  27.813 Ksi (Pullout controls...)      
                          3 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.289        24.0       42.7   16.3     54.1   20.5
 
  Reinf. Stress at Level  1 =  14.270 Ksi (Pullout controls...)
                          2 =  25.893 Ksi (Pullout controls...)      
                          3 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.251        30.0       24.8    6.6     46.1   34.6
 
  Reinf. Stress at Level  1 =   9.356 Ksi (Pullout controls...)
                          2 =  20.396 Ksi (Pullout controls...)      
                          3 =  31.437 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     1.260        36.0       21.0    7.7     40.8   38.1
 
  Reinf. Stress at Level  1 =   3.133 Ksi (Pullout controls...)
                          2 =  15.859 Ksi (Pullout controls...)      
                          3 =  28.585 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     1.322        42.0       23.7   13.8     37.0   36.8
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  10.715 Ksi (Pullout controls...)      
                          3 =  29.730 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
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           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     1.392        48.0       30.0   55.4     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  15.973 Ksi (Pullout controls...)      
                          3 =  33.043 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     1.473        54.0       27.1   60.7     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  13.171 Ksi (Pullout controls...)      
                          3 =  31.642 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     1.554        60.0       24.8   66.1     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  10.576 Ksi (Pullout controls...)      
                          3 =  30.344 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                    10.932 Kips/level                             * 
      ******************************************************************** 
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by YSU Date 05/24/08
Project No. : 30989802 Checked by Date 05/24/08
Wall No.: RW 355


β = 30.5 deg


1


1.7


φ = 36 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,


 


0.42


1.77


0.62


Equivalent Fluid Pressure, EFP = K γ


0.42x18.84


= 7.9 kPa/m


= 50.4 psf/ft


1.77x18.84


= 33.34 kPa/m


= 212.4 psf/ft


0.62X18.84


= 11.7 kPa/m


= 74.5 psf/ft


Active EFP = Ka γ = 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 356


Length of Soil Nail is 20 ft


Date: 5/16/2008


Input Parameters (from Input-Output Sheet)


c cohesion 310 psf 14.84288 kPa


φ friction angle 36 degrees 36 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 20 feet 6.10 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 0 feet 0.00 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 37.75


Nc 50.59


Nγ 56.31


Shape Factors


Fcs 1.15


Fqs 1.15


Fγs 0.92


Depth Factors


Fcd 1.00


Fqd 1.00


Fγd 1.00


Effects of Water Table


q 0.00 psf 0.0 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 80.0 ksf 3832 kPa


qall 26.7 ksf 1277 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 356 @ Station 355+00 


Static Analysis 


 


Wall Height = 25 ft 


 


 


 







Slope Stability Analysis - Retaining Wall 356 Static Analysis
File: Slope Stability Analysis - Retaining Wall 356 Static Analysis                 
                                      Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-16-2008          Time: 07:09:53     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 356 @ Station 355+00
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  25.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  26.6     30.5
 Second Slope from 1st slope. =   6.8     10.1
 Third Slope from 2nd slope.  =   0.0     50.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =     37.5 ft 
 End Surcharge - Distance from toe   =     87.5 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     120.0     36.0     310.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
File: Slope Stability Analysis - Retaining Wall 356 Static Analysis                 
                                      Page -  2 
                   --------- WATER SURFACE ---------   
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NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  70.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   5 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  20.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   3.0 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 356 Static Analysis                 
                                      Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     2.569         7.0       70.7   21.1     89.9    8.6
 
  Reinf. Stress at Level  1 =  35.504 Ksi (Pullout controls...)
                          2 =  36.000 Ksi (Yield Stress controls.)   
                          3 =  36.000 Ksi (Yield Stress controls.)   
                          4 =  36.000 Ksi (Yield Stress controls.)   
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     2.272        14.0       61.3   29.2     89.9    6.4
 
  Reinf. Stress at Level  1 =  25.444 Ksi (Pullout controls...)
                          2 =  32.316 Ksi (Pullout controls...)      
                          3 =  36.000 Ksi (Yield Stress controls.)   
                          4 =  36.000 Ksi (Yield Stress controls.)   
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
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           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     1.932        21.0       53.5   35.3     89.9    7.1
 
  Reinf. Stress at Level  1 =  16.562 Ksi (Pullout controls...)
                          2 =  25.452 Ksi (Pullout controls...)      
                          3 =  34.343 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
                          5 =  36.000 Ksi (Yield Stress controls.)   
F
File: Slope Stability Analysis - Retaining Wall 356 Static Analysis                 
                                      Page -  4 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.759        28.0       47.9   41.8     89.9    7.7
 
  Reinf. Stress at Level  1 =   9.562 Ksi (Pullout controls...)
                          2 =  20.043 Ksi (Pullout controls...)      
                          3 =  30.524 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.663        35.0       42.1   23.6     53.6   29.5
 
  Reinf. Stress at Level  1 =   2.617 Ksi (Pullout controls...)
                          2 =  13.894 Ksi (Pullout controls...)      
                          3 =  26.184 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     1.642        42.0       35.4   20.6     47.9   37.6
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   6.121 Ksi (Pullout controls...)      
                          3 =  20.373 Ksi (Pullout controls...)      
                          4 =  35.084 Ksi (Pullout controls...)      
                          5 =  36.000 Ksi (Yield Stress controls.)   
F
File: Slope Stability Analysis - Retaining Wall 356 Static Analysis                 
                                      Page -  5 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
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Slope Stability Analysis - Retaining Wall 356 Static Analysis
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     1.673        49.0       39.1   63.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  10.365 Ksi (Pullout controls...)      
                          3 =  23.693 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     1.746        56.0       35.4   68.7     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   5.662 Ksi (Pullout controls...)      
                          3 =  20.373 Ksi (Pullout controls...)      
                          4 =  35.084 Ksi (Pullout controls...)      
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     1.835        63.0       32.3   74.5     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   1.270 Ksi (Pullout controls...)      
                          3 =  17.273 Ksi (Pullout controls...)      
                          4 =  33.276 Ksi (Pullout controls...)      
                          5 =  36.000 Ksi (Yield Stress controls.)   
F
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           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     1.950        70.0       29.7   80.5     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  14.371 Ksi (Pullout controls...)      
                          4 =  31.583 Ksi (Pullout controls...)      
                          5 =  36.000 Ksi (Yield Stress controls.)   
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     2.763 Kips/level                             * 
      ******************************************************************** 
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Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 356 @ Station 355+00 


Pseudo Static Analysis 


kh = 0.147 


 


Wall Height = 25 ft 


 


 


 







Slope Stability Analysis - Retaining Wall 356 Pseudo Static Analysis
File: Slope Stability Analysis - Retaining Wall 356 Pseudo Static Analysis          
                                             Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-16-2008          Time: 07:13:10     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 356 @ Station 355+00
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  25.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  26.6     30.5
 Second Slope from 1st slope. =   6.8     10.1
 Third Slope from 2nd slope.  =   0.0     50.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =     37.5 ft 
 End Surcharge - Distance from toe   =     87.5 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     120.0     36.0     310.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
File: Slope Stability Analysis - Retaining Wall 356 Pseudo Static Analysis          
                                             Page -  2 
   
                   --------- EARTHQUAKE ACCELERATION ---------   
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Slope Stability Analysis - Retaining Wall 356 Pseudo Static Analysis
   
 Horizontal Earthquake Coefficient  =  0.15 (a/g) 
 Vertical Earthquake Coefficient    =  0.00       
   
                   --------- WATER SURFACE ---------   
   
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  70.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   5 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  20.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   3.0 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 356 Pseudo Static Analysis          
                                             Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     2.229         7.0       63.8   15.9     89.9   14.3
 
  Reinf. Stress at Level  1 =  35.493 Ksi (Pullout controls...)
                          2 =  35.503 Ksi (Pullout controls...)      
                          3 =  36.000 Ksi (Yield Stress controls.)   
                          4 =  36.000 Ksi (Yield Stress controls.)   
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     1.884        14.0       48.8   21.3     89.9   16.0
 
  Reinf. Stress at Level  1 =  15.325 Ksi (Pullout controls...)
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Slope Stability Analysis - Retaining Wall 356 Pseudo Static Analysis
                          2 =  20.959 Ksi (Pullout controls...)      
                          3 =  31.171 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     1.533        21.0       49.8   32.5     89.9   10.7
 
  Reinf. Stress at Level  1 =  12.005 Ksi (Pullout controls...)
                          2 =  21.931 Ksi (Pullout controls...)      
                          3 =  31.857 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
                          5 =  36.000 Ksi (Yield Stress controls.)   
F
File: Slope Stability Analysis - Retaining Wall 356 Pseudo Static Analysis          
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           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.381        28.0       44.1   39.0     89.9   11.6
 
  Reinf. Stress at Level  1 =   4.401 Ksi (Pullout controls...)
                          2 =  16.055 Ksi (Pullout controls...)      
                          3 =  27.710 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.302        35.0       42.1   23.6     53.6   29.5
 
  Reinf. Stress at Level  1 =   2.617 Ksi (Pullout controls...)
                          2 =  13.894 Ksi (Pullout controls...)      
                          3 =  26.184 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     1.260        42.0       35.4   20.6     47.9   37.6
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   6.121 Ksi (Pullout controls...)      
                          3 =  20.373 Ksi (Pullout controls...)      
                          4 =  35.084 Ksi (Pullout controls...)      
                          5 =  36.000 Ksi (Yield Stress controls.)   
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F
File: Slope Stability Analysis - Retaining Wall 356 Pseudo Static Analysis          
                                             Page -  5 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     1.266        49.0       31.4   23.0     43.5   40.5
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  16.285 Ksi (Pullout controls...)      
                          4 =  32.699 Ksi (Pullout controls...)      
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     1.303        56.0       35.4   68.7     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   5.662 Ksi (Pullout controls...)      
                          3 =  20.373 Ksi (Pullout controls...)      
                          4 =  35.084 Ksi (Pullout controls...)      
                          5 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     1.349        63.0       32.3   74.5     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   1.270 Ksi (Pullout controls...)      
                          3 =  17.273 Ksi (Pullout controls...)      
                          4 =  33.276 Ksi (Pullout controls...)      
                          5 =  36.000 Ksi (Yield Stress controls.)   
F
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           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     1.411        70.0       29.7   80.5     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  14.371 Ksi (Pullout controls...)      
                          4 =  31.583 Ksi (Pullout controls...)      
                          5 =  36.000 Ksi (Yield Stress controls.)   
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      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     8.555 Kips/level                             * 
      ******************************************************************** 
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Lateral Earth Pressure
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Sheet 1  of  1


Project Name: SR91 SW & RW Computed by YSU Date 05/16/08
Project No. : 30989802 Checked by Date 05/16/08
Wall No.: RW 356


β = 26.6 deg


1


2


φ = 36 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,


 


0.36


2.22


0.60


Equivalent Fluid Pressure, EFP = K γ


0.36x18.84


= 6.8 kPa/m


= 43.2 psf/ft


2.22x18.84


= 41.91 kPa/m


= 266.9 psf/ft


0.6X18.84


= 11.2 kPa/m


= 71.6 psf/ft


Active EFP = Ka γ = 


Passive EFP = Kp γ = 


At-rest EFP = Ko γ = 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 357 - Level ground


Width of the Wall is 20 ft


Date: 5/24/2008


Input Parameters (from Input-Output Sheet)


c cohesion 450 psf 21.546116 kPa


φ friction angle 31 degrees 31 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 20 feet 6.10 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 20.63


Nc 32.67


Nγ 25.99


Shape Factors


Fcs 1.13


Fqs 1.12


Fγs 0.92


Depth Factors


Fcd 1.06


Fqd 1.04


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 54.8 ksf 2624 kPa


qall 18.3 ksf 875 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 357


Width of the Foundation is 20 ft


Date: 5/24/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 98 ft 1 0 3 3 120 0.3 NA NA 1100 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 7 4 120 0.3 NA NA 1500 Sand N NA


Depth Interval 0.5 ft 3 7 31 24 120 0.3 NA NA 1100 Sand N NA


Footing Length 100 ft 4 31 37 6 120 0.3 NA NA 1500 Sand N NA


Footing Width 20 ft 5 37 43 6 120 0.3 NA NA 1100 Sand N NA


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 50 ft


Calculation Point offset Along Width 10 ft


Ground Surface Elevation 840 ft MSL


Foundation Pressure 7500 psf


Net Foundation Pressure 7140 psf Total Layer Thickness 43 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.51


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 839.75 120.00 30.00 0.00 30.00 0.30 1100.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 839.25 120.00 90.00 0.00 90.00 0.30 1100.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 838.75 120.00 150.00 0.00 150.00 0.30 1100.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 838.25 120.00 210.00 0.00 210.00 0.30 1100.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 837.75 120.00 270.00 0.00 270.00 0.30 1100.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 837.25 120.00 330.00 0.00 330.00 0.30 1100.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 836.75 120.00 390.00 0.00 390.00 0.30 1500.00 NA NA 7078.06 Sand N 390.00 0.028


2 3.5 4 3.75 0.75 836.25 120.00 450.00 0.00 450.00 0.30 1500.00 NA NA 6954.26 Sand N 450.00 0.028


2 4 4.5 4.25 1.25 835.75 120.00 510.00 0.00 510.00 0.30 1500.00 NA NA 6830.73 Sand N 510.00 0.027


2 4.5 5 4.75 1.75 835.25 120.00 570.00 0.00 570.00 0.30 1500.00 NA NA 6707.63 Sand N 570.00 0.027


2 5 5.5 5.25 2.25 834.75 120.00 630.00 0.00 630.00 0.30 1500.00 NA NA 6585.12 Sand N 630.00 0.026


2 5.5 6 5.75 2.75 834.25 120.00 690.00 0.00 690.00 0.30 1500.00 NA NA 6463.37 Sand N 690.00 0.026


2 6 6.5 6.25 3.25 833.75 120.00 750.00 0.00 750.00 0.30 1500.00 NA NA 6342.54 Sand N 750.00 0.025


2 6.5 7 6.75 3.75 833.25 120.00 810.00 0.00 810.00 0.30 1500.00 NA NA 6222.77 Sand N 810.00 0.025


3 7 7.5 7.25 4.25 832.75 120.00 870.00 0.00 870.00 0.30 1100.00 NA NA 6104.21 Sand N 870.00 0.033


3 7.5 8 7.75 4.75 832.25 120.00 930.00 0.00 930.00 0.30 1100.00 NA NA 5986.98 Sand N 930.00 0.033


3 8 8.5 8.25 5.25 831.75 120.00 990.00 0.00 990.00 0.30 1100.00 NA NA 5871.22 Sand N 990.00 0.032


3 8.5 9 8.75 5.75 831.25 120.00 1050.00 0.00 1050.00 0.30 1100.00 NA NA 5757.01 Sand N 1050.00 0.031


3 9 9.5 9.25 6.25 830.75 120.00 1110.00 0.00 1110.00 0.30 1100.00 NA NA 5644.48 Sand N 1110.00 0.031


3 9.5 10 9.75 6.75 830.25 120.00 1170.00 0.00 1170.00 0.30 1100.00 NA NA 5533.71 Sand N 1170.00 0.030


3 10 10.5 10.25 7.25 829.75 120.00 1230.00 0.00 1230.00 0.30 1100.00 NA NA 5424.77 Sand N 1230.00 0.030


3 10.5 11 10.75 7.75 829.25 120.00 1290.00 0.00 1290.00 0.30 1100.00 NA NA 5317.74 Sand N 1290.00 0.029


3 11 11.5 11.25 8.25 828.75 120.00 1350.00 0.00 1350.00 0.30 1100.00 NA NA 5212.67 Sand N 1350.00 0.028


3 11.5 12 11.75 8.75 828.25 120.00 1410.00 0.00 1410.00 0.30 1100.00 NA NA 5109.61 Sand N 1410.00 0.028


3 12 12.5 12.25 9.25 827.75 120.00 1470.00 0.00 1470.00 0.30 1100.00 NA NA 5008.61 Sand N 1470.00 0.027


3 12.5 13 12.75 9.75 827.25 120.00 1530.00 0.00 1530.00 0.30 1100.00 NA NA 4909.68 Sand N 1530.00 0.027


3 13 13.5 13.25 10.25 826.75 120.00 1590.00 0.00 1590.00 0.30 1100.00 NA NA 4812.84 Sand N 1590.00 0.026


3 13.5 14 13.75 10.75 826.25 120.00 1650.00 0.00 1650.00 0.30 1100.00 NA NA 4718.12 Sand N 1650.00 0.026


3 14 14.5 14.25 11.25 825.75 120.00 1710.00 0.00 1710.00 0.30 1100.00 NA NA 4625.52 Sand N 1710.00 0.025


3 14.5 15 14.75 11.75 825.25 120.00 1770.00 0.00 1770.00 0.30 1100.00 NA NA 4535.02 Sand N 1770.00 0.025


3 15 15.5 15.25 12.25 824.75 120.00 1830.00 0.00 1830.00 0.30 1100.00 NA NA 4446.63 Sand N 1830.00 0.024


3 15.5 16 15.75 12.75 824.25 120.00 1890.00 0.00 1890.00 0.30 1100.00 NA NA 4360.33 Sand N 1890.00 0.024


3 16 16.5 16.25 13.25 823.75 120.00 1950.00 0.00 1950.00 0.30 1100.00 NA NA 4276.10 Sand N 1950.00 0.023


3 16.5 17 16.75 13.75 823.25 120.00 2010.00 0.00 2010.00 0.30 1100.00 NA NA 4193.91 Sand N 2010.00 0.023


3 17 17.5 17.25 14.25 822.75 120.00 2070.00 0.00 2070.00 0.30 1100.00 NA NA 4113.75 Sand N 2070.00 0.022


3 17.5 18 17.75 14.75 822.25 120.00 2130.00 0.00 2130.00 0.30 1100.00 NA NA 4035.57 Sand N 2130.00 0.022


3 18 18.5 18.25 15.25 821.75 120.00 2190.00 0.00 2190.00 0.30 1100.00 NA NA 3959.35 Sand N 2190.00 0.022


3 18.5 19 18.75 15.75 821.25 120.00 2250.00 0.00 2250.00 0.30 1100.00 NA NA 3885.05 Sand N 2250.00 0.021


3 19 19.5 19.25 16.25 820.75 120.00 2310.00 0.00 2310.00 0.30 1100.00 NA NA 3812.63 Sand N 2310.00 0.021


3 19.5 20 19.75 16.75 820.25 120.00 2370.00 0.00 2370.00 0.30 1100.00 NA NA 3742.05 Sand N 2370.00 0.020


3 20 20.5 20.25 17.25 819.75 120.00 2430.00 0.00 2430.00 0.30 1100.00 NA NA 3673.27 Sand N 2430.00 0.020


3 20.5 21 20.75 17.75 819.25 120.00 2490.00 0.00 2490.00 0.30 1100.00 NA NA 3606.25 Sand N 2490.00 0.020


3 21 21.5 21.25 18.25 818.75 120.00 2550.00 0.00 2550.00 0.30 1100.00 NA NA 3540.95 Sand N 2550.00 0.019


3 21.5 22 21.75 18.75 818.25 120.00 2610.00 0.00 2610.00 0.30 1100.00 NA NA 3477.32 Sand N 2610.00 0.019


3 22 22.5 22.25 19.25 817.75 120.00 2670.00 0.00 2670.00 0.30 1100.00 NA NA 3415.32 Sand N 2670.00 0.019


3 22.5 23 22.75 19.75 817.25 120.00 2730.00 0.00 2730.00 0.30 1100.00 NA NA 3354.91 Sand N 2730.00 0.018


3 23 23.5 23.25 20.25 816.75 120.00 2790.00 0.00 2790.00 0.30 1100.00 NA NA 3296.04 Sand N 2790.00 0.018


3 23.5 24 23.75 20.75 816.25 120.00 2850.00 0.00 2850.00 0.30 1100.00 NA NA 3238.67 Sand N 2850.00 0.018


3 24 24.5 24.25 21.25 815.75 120.00 2910.00 0.00 2910.00 0.30 1100.00 NA NA 3182.76 Sand N 2910.00 0.017


3 24.5 25 24.75 21.75 815.25 120.00 2970.00 0.00 2970.00 0.30 1100.00 NA NA 3128.27 Sand N 2970.00 0.017


3 25 25.5 25.25 22.25 814.75 120.00 3030.00 0.00 3030.00 0.30 1100.00 NA NA 3075.15 Sand N 3030.00 0.017


3 25.5 26 25.75 22.75 814.25 120.00 3090.00 0.00 3090.00 0.30 1100.00 NA NA 3023.38 Sand N 3090.00 0.016


3 26 26.5 26.25 23.25 813.75 120.00 3150.00 0.00 3150.00 0.30 1100.00 NA NA 2972.89 Sand N 3150.00 0.016


3 26.5 27 26.75 23.75 813.25 120.00 3210.00 0.00 3210.00 0.30 1100.00 NA NA 2923.67 Sand N 3210.00 0.016


3 27 27.5 27.25 24.25 812.75 120.00 3270.00 0.00 3270.00 0.30 1100.00 NA NA 2875.67 Sand N 3270.00 0.016


3 27.5 28 27.75 24.75 812.25 120.00 3330.00 0.00 3330.00 0.30 1100.00 NA NA 2828.85 Sand N 3330.00 0.015


3 28 28.5 28.25 25.25 811.75 120.00 3390.00 0.00 3390.00 0.30 1100.00 NA NA 2783.18 Sand N 3390.00 0.015


3 28.5 29 28.75 25.75 811.25 120.00 3450.00 0.00 3450.00 0.30 1100.00 NA NA 2738.63 Sand N 3450.00 0.015


3 29 29.5 29.25 26.25 810.75 120.00 3510.00 0.00 3510.00 0.30 1100.00 NA NA 2695.15 Sand N 3510.00 0.015


3 29.5 30 29.75 26.75 810.25 120.00 3570.00 0.00 3570.00 0.30 1100.00 NA NA 2652.73 Sand N 3570.00 0.014


3 30 30.5 30.25 27.25 809.75 120.00 3630.00 0.00 3630.00 0.30 1100.00 NA NA 2611.31 Sand N 3630.00 0.014


3 30.5 31 30.75 27.75 809.25 120.00 3690.00 0.00 3690.00 0.30 1100.00 NA NA 2570.88 Sand N 3690.00 0.014


4 31 31.5 31.25 28.25 808.75 120.00 3750.00 0.00 3750.00 0.30 1500.00 NA NA 2531.41 Sand N 3750.00 0.010


4 31.5 32 31.75 28.75 808.25 120.00 3810.00 0.00 3810.00 0.30 1500.00 NA NA 2492.86 Sand N 3810.00 0.010


4 32 32.5 32.25 29.25 807.75 120.00 3870.00 0.00 3870.00 0.30 1500.00 NA NA 2455.20 Sand N 3870.00 0.010


4 32.5 33 32.75 29.75 807.25 120.00 3930.00 0.00 3930.00 0.30 1500.00 NA NA 2418.42 Sand N 3930.00 0.010


4 33 33.5 33.25 30.25 806.75 120.00 3990.00 0.00 3990.00 0.30 1500.00 NA NA 2382.48 Sand N 3990.00 0.010


4 33.5 34 33.75 30.75 806.25 120.00 4050.00 0.00 4050.00 0.30 1500.00 NA NA 2347.35 Sand N 4050.00 0.009


4 34 34.5 34.25 31.25 805.75 120.00 4110.00 0.00 4110.00 0.30 1500.00 NA NA 2313.02 Sand N 4110.00 0.009


4 34.5 35 34.75 31.75 805.25 120.00 4170.00 0.00 4170.00 0.30 1500.00 NA NA 2279.46 Sand N 4170.00 0.009


4 35 35.5 35.25 32.25 804.75 120.00 4230.00 0.00 4230.00 0.30 1500.00 NA NA 2246.65 Sand N 4230.00 0.009


4 35.5 36 35.75 32.75 804.25 120.00 4290.00 0.00 4290.00 0.30 1500.00 NA NA 2214.56 Sand N 4290.00 0.009


4 36 36.5 36.25 33.25 803.75 120.00 4350.00 0.00 4350.00 0.30 1500.00 NA NA 2183.17 Sand N 4350.00 0.009


4 36.5 37 36.75 33.75 803.25 120.00 4410.00 0.00 4410.00 0.30 1500.00 NA NA 2152.47 Sand N 4410.00 0.009


5 37 37.5 37.25 34.25 802.75 120.00 4470.00 0.00 4470.00 0.30 1100.00 NA NA 2122.42 Sand N 4470.00 0.012


5 37.5 38 37.75 34.75 802.25 120.00 4530.00 0.00 4530.00 0.30 1100.00 NA NA 2093.02 Sand N 4530.00 0.011


5 38 38.5 38.25 35.25 801.75 120.00 4590.00 0.00 4590.00 0.30 1100.00 NA NA 2064.25 Sand N 4590.00 0.011


5 38.5 39 38.75 35.75 801.25 120.00 4650.00 0.00 4650.00 0.30 1100.00 NA NA 2036.08 Sand N 4650.00 0.011


5 39 39.5 39.25 36.25 800.75 120.00 4710.00 0.00 4710.00 0.30 1100.00 NA NA 2008.49 Sand N 4710.00 0.011


5 39.5 40 39.75 36.75 800.25 120.00 4770.00 0.00 4770.00 0.30 1100.00 NA NA 1981.48 Sand N 4770.00 0.011


5 40 40.5 40.25 37.25 799.75 120.00 4830.00 0.00 4830.00 0.30 1100.00 NA NA 1955.03 Sand N 4830.00 0.011


5 40.5 41 40.75 37.75 799.25 120.00 4890.00 0.00 4890.00 0.30 1100.00 NA NA 1929.11 Sand N 4890.00 0.011


5 41 41.5 41.25 38.25 798.75 120.00 4950.00 0.00 4950.00 0.30 1100.00 NA NA 1903.72 Sand N 4950.00 0.010


5 41.5 42 41.75 38.75 798.25 120.00 5010.00 0.00 5010.00 0.30 1100.00 NA NA 1878.84 Sand N 5010.00 0.010


5 42 42.5 42.25 39.25 797.75 120.00 5070.00 0.00 5070.00 0.30 1100.00 NA NA 1854.46 Sand N 5070.00 0.010


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


Soil Type


5 42.5 43 42.75 39.75 797.25 120.00 5130.00 0.00 5130.00 0.30 1100.00 NA NA 1830.55 Sand N 5130.00 0.010
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Name: Alluvium 2 


Unit Weight: 120 pcf


Cohesion: 450 psf


Phi: 31 °


RW 357


Name: Alluvium 1 


Unit Weight: 120 pcf


Cohesion: 210 psf


Phi: 36 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall and Soundwall 357 @ Station 364+50


Static Analysis


Surcharge Load = 240 psf


Wall Height = 28 ft


Width of the Wall = 20.0 ft
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2.045


Name: Alluvium 2 


Unit Weight: 120 pcf


Cohesion: 450 psf


Phi: 31 °


RW 357


Name: Alluvium 1 


Unit Weight: 120 pcf


Cohesion: 210 psf


Phi: 36 °


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall and Soundwall 357 @ Station 364+50
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


Wall Height = 28 ft
Width of the Wall = 20.0 ft


Alluvium 1
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Alluvium 1
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by SP Date 05/28/08
Project No. : 30989802 Checked by Date 05/28/08
Wall No.: RW 357


β = 33.7 deg


1


1.5


φ = 34 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,


 


0.70


0.99


0.69


Equivalent Fluid Pressure, EFP = K γ


0.7x18.84


= 13.2 kPa/m


= 84.2 psf/ft


0.99x18.84


= 18.59 kPa/m


= 118.4 psf/ft


0.69X18.84


= 12.9 kPa/m


= 82.2 psf/ft


Active EFP = Ka γ = 


Passive EFP = Kp γ = 


At-rest EFP = Ko γ = 


Ignore Cohesion
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 362 - Level ground


Width of the Wall is 18.25 ft


Date: 5/5/2008


Input Parameters (from Input-Output Sheet)


c cohesion 210 psf 10.054854 kPa


φ friction angle 36 degrees 36 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 18.25 feet 5.56 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 4 feet 1.22 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 37.75


Nc 50.59


Nγ 56.31


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.09


Fqd 1.05


Fγd 1.00


Effects of Water Table


q 480.00 psf 23.0 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 92.1 ksf 4409 kPa


qall 30.7 ksf 1470 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 362


Width of the Foundation is 18.25 ft


Date: 5/5/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 4 4 120 0.3 NA NA 1100 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 4 39.5 35.5 120 0.3 NA NA 1100 Sand N NA


Depth Interval 0.5 ft


Footing Length 1150 ft


Footing Width 18.25 ft


Footing Depth of Embedment 4 ft


Calculation Point offset Along Length 575 ft


Calculation Point offset Along Width 9.125 ft


Ground Surface Elevation 843 ft MSL


Foundation Pressure 8200 psf


Net Foundation Pressure 7720 psf Total Layer Thickness 39.5 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.62


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 842.75 120.00 30.00 0.00 30.00 0.30 1100.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 842.25 120.00 90.00 0.00 90.00 0.30 1100.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 841.75 120.00 150.00 0.00 150.00 0.30 1100.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 841.25 120.00 210.00 0.00 210.00 0.30 1100.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 840.75 120.00 270.00 0.00 270.00 0.30 1100.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 840.25 120.00 330.00 0.00 330.00 0.30 1100.00 NA NA 0.00 Sand N 330.00 0.000


1 3 3.5 3.25 0 839.75 120.00 390.00 0.00 390.00 0.30 1100.00 NA NA 0.00 Sand N 390.00 0.000


1 3.5 4 3.75 0 839.25 120.00 450.00 0.00 450.00 0.30 1100.00 NA NA 0.00 Sand N 450.00 0.000


2 4 4.5 4.25 0.25 838.75 120.00 510.00 0.00 510.00 0.30 1100.00 NA NA 7648.02 Sand N 510.00 0.042


2 4.5 5 4.75 0.75 838.25 120.00 570.00 0.00 570.00 0.30 1100.00 NA NA 7504.19 Sand N 570.00 0.041


2 5 5.5 5.25 1.25 837.75 120.00 630.00 0.00 630.00 0.30 1100.00 NA NA 7360.73 Sand N 630.00 0.040


2 5.5 6 5.75 1.75 837.25 120.00 690.00 0.00 690.00 0.30 1100.00 NA NA 7217.88 Sand N 690.00 0.039


2 6 6.5 6.25 2.25 836.75 120.00 750.00 0.00 750.00 0.30 1100.00 NA NA 7075.87 Sand N 750.00 0.039


2 6.5 7 6.75 2.75 836.25 120.00 810.00 0.00 810.00 0.30 1100.00 NA NA 6934.94 Sand N 810.00 0.038


2 7 7.5 7.25 3.25 835.75 120.00 870.00 0.00 870.00 0.30 1100.00 NA NA 6795.30 Sand N 870.00 0.037


2 7.5 8 7.75 3.75 835.25 120.00 930.00 0.00 930.00 0.30 1100.00 NA NA 6657.15 Sand N 930.00 0.036


2 8 8.5 8.25 4.25 834.75 120.00 990.00 0.00 990.00 0.30 1100.00 NA NA 6520.68 Sand N 990.00 0.036


2 8.5 9 8.75 4.75 834.25 120.00 1050.00 0.00 1050.00 0.30 1100.00 NA NA 6386.07 Sand N 1050.00 0.035


2 9 9.5 9.25 5.25 833.75 120.00 1110.00 0.00 1110.00 0.30 1100.00 NA NA 6253.49 Sand N 1110.00 0.034


2 9.5 10 9.75 5.75 833.25 120.00 1170.00 0.00 1170.00 0.30 1100.00 NA NA 6123.07 Sand N 1170.00 0.033


2 10 10.5 10.25 6.25 832.75 120.00 1230.00 0.00 1230.00 0.30 1100.00 NA NA 5994.93 Sand N 1230.00 0.033


2 10.5 11 10.75 6.75 832.25 120.00 1290.00 0.00 1290.00 0.30 1100.00 NA NA 5869.20 Sand N 1290.00 0.032


2 11 11.5 11.25 7.25 831.75 120.00 1350.00 0.00 1350.00 0.30 1100.00 NA NA 5745.96 Sand N 1350.00 0.031


2 11.5 12 11.75 7.75 831.25 120.00 1410.00 0.00 1410.00 0.30 1100.00 NA NA 5625.28 Sand N 1410.00 0.031


2 12 12.5 12.25 8.25 830.75 120.00 1470.00 0.00 1470.00 0.30 1100.00 NA NA 5507.24 Sand N 1470.00 0.030


2 12.5 13 12.75 8.75 830.25 120.00 1530.00 0.00 1530.00 0.30 1100.00 NA NA 5391.87 Sand N 1530.00 0.029


2 13 13.5 13.25 9.25 829.75 120.00 1590.00 0.00 1590.00 0.30 1100.00 NA NA 5279.22 Sand N 1590.00 0.029


2 13.5 14 13.75 9.75 829.25 120.00 1650.00 0.00 1650.00 0.30 1100.00 NA NA 5169.29 Sand N 1650.00 0.028


2 14 14.5 14.25 10.25 828.75 120.00 1710.00 0.00 1710.00 0.30 1100.00 NA NA 5062.10 Sand N 1710.00 0.028


2 14.5 15 14.75 10.75 828.25 120.00 1770.00 0.00 1770.00 0.30 1100.00 NA NA 4957.64 Sand N 1770.00 0.027


2 15 15.5 15.25 11.25 827.75 120.00 1830.00 0.00 1830.00 0.30 1100.00 NA NA 4855.91 Sand N 1830.00 0.026


2 15.5 16 15.75 11.75 827.25 120.00 1890.00 0.00 1890.00 0.30 1100.00 NA NA 4756.88 Sand N 1890.00 0.026


2 16 16.5 16.25 12.25 826.75 120.00 1950.00 0.00 1950.00 0.30 1100.00 NA NA 4660.52 Sand N 1950.00 0.025


2 16.5 17 16.75 12.75 826.25 120.00 2010.00 0.00 2010.00 0.30 1100.00 NA NA 4566.79 Sand N 2010.00 0.025


2 17 17.5 17.25 13.25 825.75 120.00 2070.00 0.00 2070.00 0.30 1100.00 NA NA 4475.66 Sand N 2070.00 0.024


2 17.5 18 17.75 13.75 825.25 120.00 2130.00 0.00 2130.00 0.30 1100.00 NA NA 4387.08 Sand N 2130.00 0.024


2 18 18.5 18.25 14.25 824.75 120.00 2190.00 0.00 2190.00 0.30 1100.00 NA NA 4300.99 Sand N 2190.00 0.023


2 18.5 19 18.75 14.75 824.25 120.00 2250.00 0.00 2250.00 0.30 1100.00 NA NA 4217.35 Sand N 2250.00 0.023


2 19 19.5 19.25 15.25 823.75 120.00 2310.00 0.00 2310.00 0.30 1100.00 NA NA 4136.10 Sand N 2310.00 0.023


2 19.5 20 19.75 15.75 823.25 120.00 2370.00 0.00 2370.00 0.30 1100.00 NA NA 4057.18 Sand N 2370.00 0.022


2 20 20.5 20.25 16.25 822.75 120.00 2430.00 0.00 2430.00 0.30 1100.00 NA NA 3980.53 Sand N 2430.00 0.022


2 20.5 21 20.75 16.75 822.25 120.00 2490.00 0.00 2490.00 0.30 1100.00 NA NA 3906.08 Sand N 2490.00 0.021


2 21 21.5 21.25 17.25 821.75 120.00 2550.00 0.00 2550.00 0.30 1100.00 NA NA 3833.79 Sand N 2550.00 0.021


2 21.5 22 21.75 17.75 821.25 120.00 2610.00 0.00 2610.00 0.30 1100.00 NA NA 3763.58 Sand N 2610.00 0.021


2 22 22.5 22.25 18.25 820.75 120.00 2670.00 0.00 2670.00 0.30 1100.00 NA NA 3695.39 Sand N 2670.00 0.020


2 22.5 23 22.75 18.75 820.25 120.00 2730.00 0.00 2730.00 0.30 1100.00 NA NA 3629.17 Sand N 2730.00 0.020


2 23 23.5 23.25 19.25 819.75 120.00 2790.00 0.00 2790.00 0.30 1100.00 NA NA 3564.85 Sand N 2790.00 0.019


2 23.5 24 23.75 19.75 819.25 120.00 2850.00 0.00 2850.00 0.30 1100.00 NA NA 3502.38 Sand N 2850.00 0.019


2 24 24.5 24.25 20.25 818.75 120.00 2910.00 0.00 2910.00 0.30 1100.00 NA NA 3441.68 Sand N 2910.00 0.019


2 24.5 25 24.75 20.75 818.25 120.00 2970.00 0.00 2970.00 0.30 1100.00 NA NA 3382.72 Sand N 2970.00 0.018


2 25 25.5 25.25 21.25 817.75 120.00 3030.00 0.00 3030.00 0.30 1100.00 NA NA 3325.42 Sand N 3030.00 0.018


2 25.5 26 25.75 21.75 817.25 120.00 3090.00 0.00 3090.00 0.30 1100.00 NA NA 3269.74 Sand N 3090.00 0.018


2 26 26.5 26.25 22.25 816.75 120.00 3150.00 0.00 3150.00 0.30 1100.00 NA NA 3215.62 Sand N 3150.00 0.018


2 26.5 27 26.75 22.75 816.25 120.00 3210.00 0.00 3210.00 0.30 1100.00 NA NA 3163.01 Sand N 3210.00 0.017


2 27 27.5 27.25 23.25 815.75 120.00 3270.00 0.00 3270.00 0.30 1100.00 NA NA 3111.86 Sand N 3270.00 0.017


2 27.5 28 27.75 23.75 815.25 120.00 3330.00 0.00 3330.00 0.30 1100.00 NA NA 3062.12 Sand N 3330.00 0.017


2 28 28.5 28.25 24.25 814.75 120.00 3390.00 0.00 3390.00 0.30 1100.00 NA NA 3013.73 Sand N 3390.00 0.016


2 28.5 29 28.75 24.75 814.25 120.00 3450.00 0.00 3450.00 0.30 1100.00 NA NA 2966.67 Sand N 3450.00 0.016


2 29 29.5 29.25 25.25 813.75 120.00 3510.00 0.00 3510.00 0.30 1100.00 NA NA 2920.87 Sand N 3510.00 0.016


2 29.5 30 29.75 25.75 813.25 120.00 3570.00 0.00 3570.00 0.30 1100.00 NA NA 2876.30 Sand N 3570.00 0.016


2 30 30.5 30.25 26.25 812.75 120.00 3630.00 0.00 3630.00 0.30 1100.00 NA NA 2832.92 Sand N 3630.00 0.015


2 30.5 31 30.75 26.75 812.25 120.00 3690.00 0.00 3690.00 0.30 1100.00 NA NA 2790.69 Sand N 3690.00 0.015


2 31 31.5 31.25 27.25 811.75 120.00 3750.00 0.00 3750.00 0.30 1100.00 NA NA 2749.56 Sand N 3750.00 0.015


2 31.5 32 31.75 27.75 811.25 120.00 3810.00 0.00 3810.00 0.30 1100.00 NA NA 2709.49 Sand N 3810.00 0.015


2 32 32.5 32.25 28.25 810.75 120.00 3870.00 0.00 3870.00 0.30 1100.00 NA NA 2670.47 Sand N 3870.00 0.015


2 32.5 33 32.75 28.75 810.25 120.00 3930.00 0.00 3930.00 0.30 1100.00 NA NA 2632.44 Sand N 3930.00 0.014


2 33 33.5 33.25 29.25 809.75 120.00 3990.00 0.00 3990.00 0.30 1100.00 NA NA 2595.37 Sand N 3990.00 0.014


2 33.5 34 33.75 29.75 809.25 120.00 4050.00 0.00 4050.00 0.30 1100.00 NA NA 2559.24 Sand N 4050.00 0.014


2 34 34.5 34.25 30.25 808.75 120.00 4110.00 0.00 4110.00 0.30 1100.00 NA NA 2524.01 Sand N 4110.00 0.014


2 34.5 35 34.75 30.75 808.25 120.00 4170.00 0.00 4170.00 0.30 1100.00 NA NA 2489.66 Sand N 4170.00 0.014


2 35 35.5 35.25 31.25 807.75 120.00 4230.00 0.00 4230.00 0.30 1100.00 NA NA 2456.14 Sand N 4230.00 0.013


2 35.5 36 35.75 31.75 807.25 120.00 4290.00 0.00 4290.00 0.30 1100.00 NA NA 2423.44 Sand N 4290.00 0.013


2 36 36.5 36.25 32.25 806.75 120.00 4350.00 0.00 4350.00 0.30 1100.00 NA NA 2391.53 Sand N 4350.00 0.013


2 36.5 37 36.75 32.75 806.25 120.00 4410.00 0.00 4410.00 0.30 1100.00 NA NA 2360.39 Sand N 4410.00 0.013


2 37 37.5 37.25 33.25 805.75 120.00 4470.00 0.00 4470.00 0.30 1100.00 NA NA 2329.98 Sand N 4470.00 0.013


2 37.5 38 37.75 33.75 805.25 120.00 4530.00 0.00 4530.00 0.30 1100.00 NA NA 2300.28 Sand N 4530.00 0.013


2 38 38.5 38.25 34.25 804.75 120.00 4590.00 0.00 4590.00 0.30 1100.00 NA NA 2271.28 Sand N 4590.00 0.012


2 38.5 39 38.75 34.75 804.25 120.00 4650.00 0.00 4650.00 0.30 1100.00 NA NA 2242.95 Sand N 4650.00 0.012


2 39 39.5 39.25 35.25 803.75 120.00 4710.00 0.00 4710.00 0.30 1100.00 NA NA 2215.27 Sand N 4710.00 0.012


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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2.480


Slope Stability Analysis


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 362 @ Station 367+00


Static Analysis


Wall Height = 32 ft


Width of the Wall = 18.25 ft


Surcharge Load = 240 psf


RW 362


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 210 psf


Phi: 36 °


Offset (ft)
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2.029


Slope Stability Analysis
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 362 @ Station 367+00
Pseudo Static Analysis
kh=0.147


Wall Height = 32 ft
Width of the Wall = 18.25 ft


Surcharge Load = 240 psf


RW 362


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 210 psf
Phi: 36 °


Offset (ft)


80 90 100 110 120 130 140 150 160 170 180 190 200


E
le


v
a


ti
o


n
 (


ft
 M


S
L


)


810


820


830


840


850


860


870







Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by SP Date 05/28/08
Project No. : 30989802 Checked by Date 05/28/08
Wall No.: RW 362


β = 26.6 deg


1


2


φ = 34 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,


 


0.41


1.97


0.64


Equivalent Fluid Pressure, EFP = K γ


0.41x18.84


= 7.7 kPa/m


= 48.7 psf/ft


1.97x18.84


= 37.1 kPa/m


= 236.3 psf/ft


0.64X18.84


= 12.0 kPa/m


= 76.6 psf/ft


Active EFP = Ka γ = 


Passive EFP = Kp γ = 


At-rest EFP = Ko γ = 


Ignore Cohesion
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 365 - Level ground


Width of the Wall is 15.25 ft


Date: 4/29/2008


Input Parameters (from Input-Output Sheet)


c cohesion 210 psf 10.054854 kPa


φ friction angle 36 degrees 36 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 15.25 feet 4.65 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 37.75


Nc 50.59


Nγ 56.31


Shape Factors


Fcs 1.11


Fqs 1.11


Fγs 0.94


Depth Factors


Fcd 1.08


Fqd 1.05


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 76.8 ksf 3678 kPa


qall 25.6 ksf 1226 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 365


Width of the Foundation is 15.25 ft


Date: 4/29/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 120 0.3 NA NA 1100 Clay N NA


Unit Weight of Water 62.4 lb/ft3 2 3 51 48 120 0.3 NA NA 1100 Clay N NA


Depth Interval 0.5 ft


Footing Length 1000 ft


Footing Width 15.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 7.625 ft


Ground Surface Elevation 842 ft MSL


Foundation Pressure 7300 psf


Net Foundation Pressure 6940 psf Total Layer Thickness 51 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.23


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 841.75 120.00 30.00 0.00 30.00 0.30 1100.00 NA NA 0.00 Clay N 30.00 0.000


1 0.5 1 0.75 0 841.25 120.00 90.00 0.00 90.00 0.30 1100.00 NA NA 0.00 Clay N 90.00 0.000


1 1 1.5 1.25 0 840.75 120.00 150.00 0.00 150.00 0.30 1100.00 NA NA 0.00 Clay N 150.00 0.000


1 1.5 2 1.75 0 840.25 120.00 210.00 0.00 210.00 0.30 1100.00 NA NA 0.00 Clay N 210.00 0.000


1 2 2.5 2.25 0 839.75 120.00 270.00 0.00 270.00 0.30 1100.00 NA NA 0.00 Clay N 270.00 0.000


1 2.5 3 2.75 0 839.25 120.00 330.00 0.00 330.00 0.30 1100.00 NA NA 0.00 Clay N 330.00 0.000


2 3 3.5 3.25 0.25 838.75 120.00 390.00 0.00 390.00 0.30 1100.00 NA NA 6862.57 Clay N 390.00 0.037


2 3.5 4 3.75 0.75 838.25 120.00 450.00 0.00 450.00 0.30 1100.00 NA NA 6707.90 Clay N 450.00 0.037


2 4 4.5 4.25 1.25 837.75 120.00 510.00 0.00 510.00 0.30 1100.00 NA NA 6553.79 Clay N 510.00 0.036


2 4.5 5 4.75 1.75 837.25 120.00 570.00 0.00 570.00 0.30 1100.00 NA NA 6400.63 Clay N 570.00 0.035


2 5 5.5 5.25 2.25 836.75 120.00 630.00 0.00 630.00 0.30 1100.00 NA NA 6248.75 Clay N 630.00 0.034


2 5.5 6 5.75 2.75 836.25 120.00 690.00 0.00 690.00 0.30 1100.00 NA NA 6098.50 Clay N 690.00 0.033


2 6 6.5 6.25 3.25 835.75 120.00 750.00 0.00 750.00 0.30 1100.00 NA NA 5950.19 Clay N 750.00 0.032


2 6.5 7 6.75 3.75 835.25 120.00 810.00 0.00 810.00 0.30 1100.00 NA NA 5804.12 Clay N 810.00 0.032


2 7 7.5 7.25 4.25 834.75 120.00 870.00 0.00 870.00 0.30 1100.00 NA NA 5660.54 Clay N 870.00 0.031


2 7.5 8 7.75 4.75 834.25 120.00 930.00 0.00 930.00 0.30 1100.00 NA NA 5519.69 Clay N 930.00 0.030


2 8 8.5 8.25 5.25 833.75 120.00 990.00 0.00 990.00 0.30 1100.00 NA NA 5381.76 Clay N 990.00 0.029


2 8.5 9 8.75 5.75 833.25 120.00 1050.00 0.00 1050.00 0.30 1100.00 NA NA 5246.93 Clay N 1050.00 0.029


2 9 9.5 9.25 6.25 832.75 120.00 1110.00 0.00 1110.00 0.30 1100.00 NA NA 5115.34 Clay N 1110.00 0.028


2 9.5 10 9.75 6.75 832.25 120.00 1170.00 0.00 1170.00 0.30 1100.00 NA NA 4987.09 Clay N 1170.00 0.027


2 10 10.5 10.25 7.25 831.75 120.00 1230.00 0.00 1230.00 0.30 1100.00 NA NA 4862.27 Clay N 1230.00 0.027


2 10.5 11 10.75 7.75 831.25 120.00 1290.00 0.00 1290.00 0.30 1100.00 NA NA 4740.93 Clay N 1290.00 0.026


2 11 11.5 11.25 8.25 830.75 120.00 1350.00 0.00 1350.00 0.30 1100.00 NA NA 4623.11 Clay N 1350.00 0.025


2 11.5 12 11.75 8.75 830.25 120.00 1410.00 0.00 1410.00 0.30 1100.00 NA NA 4508.80 Clay N 1410.00 0.025


2 12 12.5 12.25 9.25 829.75 120.00 1470.00 0.00 1470.00 0.30 1100.00 NA NA 4398.02 Clay N 1470.00 0.024


2 12.5 13 12.75 9.75 829.25 120.00 1530.00 0.00 1530.00 0.30 1100.00 NA NA 4290.72 Clay N 1530.00 0.023


2 13 13.5 13.25 10.25 828.75 120.00 1590.00 0.00 1590.00 0.30 1100.00 NA NA 4186.86 Clay N 1590.00 0.023


2 13.5 14 13.75 10.75 828.25 120.00 1650.00 0.00 1650.00 0.30 1100.00 NA NA 4086.40 Clay N 1650.00 0.022


2 14 14.5 14.25 11.25 827.75 120.00 1710.00 0.00 1710.00 0.30 1100.00 NA NA 3989.27 Clay N 1710.00 0.022


2 14.5 15 14.75 11.75 827.25 120.00 1770.00 0.00 1770.00 0.30 1100.00 NA NA 3895.39 Clay N 1770.00 0.021


2 15 15.5 15.25 12.25 826.75 120.00 1830.00 0.00 1830.00 0.30 1100.00 NA NA 3804.68 Clay N 1830.00 0.021


2 15.5 16 15.75 12.75 826.25 120.00 1890.00 0.00 1890.00 0.30 1100.00 NA NA 3717.06 Clay N 1890.00 0.020


2 16 16.5 16.25 13.25 825.75 120.00 1950.00 0.00 1950.00 0.30 1100.00 NA NA 3632.44 Clay N 1950.00 0.020


2 16.5 17 16.75 13.75 825.25 120.00 2010.00 0.00 2010.00 0.30 1100.00 NA NA 3550.73 Clay N 2010.00 0.019


2 17 17.5 17.25 14.25 824.75 120.00 2070.00 0.00 2070.00 0.30 1100.00 NA NA 3471.82 Clay N 2070.00 0.019


2 17.5 18 17.75 14.75 824.25 120.00 2130.00 0.00 2130.00 0.30 1100.00 NA NA 3395.64 Clay N 2130.00 0.019


2 18 18.5 18.25 15.25 823.75 120.00 2190.00 0.00 2190.00 0.30 1100.00 NA NA 3322.07 Clay N 2190.00 0.018


2 18.5 19 18.75 15.75 823.25 120.00 2250.00 0.00 2250.00 0.30 1100.00 NA NA 3251.03 Clay N 2250.00 0.018


2 19 19.5 19.25 16.25 822.75 120.00 2310.00 0.00 2310.00 0.30 1100.00 NA NA 3182.43 Clay N 2310.00 0.017


2 19.5 20 19.75 16.75 822.25 120.00 2370.00 0.00 2370.00 0.30 1100.00 NA NA 3116.17 Clay N 2370.00 0.017


2 20 20.5 20.25 17.25 821.75 120.00 2430.00 0.00 2430.00 0.30 1100.00 NA NA 3052.16 Clay N 2430.00 0.017


2 20.5 21 20.75 17.75 821.25 120.00 2490.00 0.00 2490.00 0.30 1100.00 NA NA 2990.32 Clay N 2490.00 0.016


2 21 21.5 21.25 18.25 820.75 120.00 2550.00 0.00 2550.00 0.30 1100.00 NA NA 2930.56 Clay N 2550.00 0.016


2 21.5 22 21.75 18.75 820.25 120.00 2610.00 0.00 2610.00 0.30 1100.00 NA NA 2872.79 Clay N 2610.00 0.016


2 22 22.5 22.25 19.25 819.75 120.00 2670.00 0.00 2670.00 0.30 1100.00 NA NA 2816.95 Clay N 2670.00 0.015


2 22.5 23 22.75 19.75 819.25 120.00 2730.00 0.00 2730.00 0.30 1100.00 NA NA 2762.94 Clay N 2730.00 0.015


2 23 23.5 23.25 20.25 818.75 120.00 2790.00 0.00 2790.00 0.30 1100.00 NA NA 2710.71 Clay N 2790.00 0.015


2 23.5 24 23.75 20.75 818.25 120.00 2850.00 0.00 2850.00 0.30 1100.00 NA NA 2660.16 Clay N 2850.00 0.015


2 24 24.5 24.25 21.25 817.75 120.00 2910.00 0.00 2910.00 0.30 1100.00 NA NA 2611.25 Clay N 2910.00 0.014


2 24.5 25 24.75 21.75 817.25 120.00 2970.00 0.00 2970.00 0.30 1100.00 NA NA 2563.89 Clay N 2970.00 0.014


2 25 25.5 25.25 22.25 816.75 120.00 3030.00 0.00 3030.00 0.30 1100.00 NA NA 2518.03 Clay N 3030.00 0.014


2 25.5 26 25.75 22.75 816.25 120.00 3090.00 0.00 3090.00 0.30 1100.00 NA NA 2473.61 Clay N 3090.00 0.013


2 26 26.5 26.25 23.25 815.75 120.00 3150.00 0.00 3150.00 0.30 1100.00 NA NA 2430.57 Clay N 3150.00 0.013


2 26.5 27 26.75 23.75 815.25 120.00 3210.00 0.00 3210.00 0.30 1100.00 NA NA 2388.86 Clay N 3210.00 0.013


2 27 27.5 27.25 24.25 814.75 120.00 3270.00 0.00 3270.00 0.30 1100.00 NA NA 2348.41 Clay N 3270.00 0.013


2 27.5 28 27.75 24.75 814.25 120.00 3330.00 0.00 3330.00 0.30 1100.00 NA NA 2309.18 Clay N 3330.00 0.013


2 28 28.5 28.25 25.25 813.75 120.00 3390.00 0.00 3390.00 0.30 1100.00 NA NA 2271.13 Clay N 3390.00 0.012


2 28.5 29 28.75 25.75 813.25 120.00 3450.00 0.00 3450.00 0.30 1100.00 NA NA 2234.19 Clay N 3450.00 0.012


2 29 29.5 29.25 26.25 812.75 120.00 3510.00 0.00 3510.00 0.30 1100.00 NA NA 2198.34 Clay N 3510.00 0.012


2 29.5 30 29.75 26.75 812.25 120.00 3570.00 0.00 3570.00 0.30 1100.00 NA NA 2163.53 Clay N 3570.00 0.012


2 30 30.5 30.25 27.25 811.75 120.00 3630.00 0.00 3630.00 0.30 1100.00 NA NA 2129.72 Clay N 3630.00 0.012


2 30.5 31 30.75 27.75 811.25 120.00 3690.00 0.00 3690.00 0.30 1100.00 NA NA 2096.87 Clay N 3690.00 0.011


2 31 31.5 31.25 28.25 810.75 120.00 3750.00 0.00 3750.00 0.30 1100.00 NA NA 2064.93 Clay N 3750.00 0.011


2 31.5 32 31.75 28.75 810.25 120.00 3810.00 0.00 3810.00 0.30 1100.00 NA NA 2033.89 Clay N 3810.00 0.011


2 32 32.5 32.25 29.25 809.75 120.00 3870.00 0.00 3870.00 0.30 1100.00 NA NA 2003.70 Clay N 3870.00 0.011


2 32.5 33 32.75 29.75 809.25 120.00 3930.00 0.00 3930.00 0.30 1100.00 NA NA 1974.33 Clay N 3930.00 0.011


2 33 33.5 33.25 30.25 808.75 120.00 3990.00 0.00 3990.00 0.30 1100.00 NA NA 1945.76 Clay N 3990.00 0.011


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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2.369


RW 365


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 210 psf


Phi: 36 °


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 365 @ Station 365+00
Static Analysis


Surcharge Load = 240 psf


Wall Height = 27 ft
Width of the Wall = 15.25 ft


Offset (feet)


-180 -170 -160 -150 -140 -130 -120 -110 -100 -90 -80 -70


E
le


v
a


ti
o


n
 (


ft
 M


S
L


)


800


810


820


830


840


850


860


870







1.966


RW 365


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 210 psf


Phi: 36 °


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 365 @ Station 365+00


Pseudo Static Analysis


kh = 0.147


Surcharge Load = 240 psf


Wall Height = 27 ft


Width of the Wall = 15.25 ft


Offset (feet)


-180 -170 -160 -150 -140 -130 -120 -110 -100 -90 -80 -70
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 369


Length of Soil Nail is 6 ft


Date: 4/3/2008


Input Parameters (from Input-Output Sheet)


c cohesion 550 psf 26.334142 kPa


φ friction angle 35 degrees 35 degrees


γ unit weight of soil 125 pcf 19.63 kN/m3


B width of foundation 6 feet 1.83 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 0 feet 0.00 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 33.30


Nc 46.12


Nγ 48.03


Shape Factors


Fcs 1.04


Fqs 1.04


Fγs 0.98


Depth Factors


Fcd 1.00


Fqd 1.00


Fγd 1.00


Effects of Water Table


q 0.00 psf 0.0 kPa


γ 125.00 pcf 19.625 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 44.0 ksf 2105 kPa


qall 14.7 ksf 702 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 369 @ Station 369+50 


Static Analysis 


 


Wall Height = 9 ft 


 


 


 







Slope Stability Analysis - Retaining Wall 369 Static Analysis
File: Slope Stability Analysis - Retaining Wall 369 Static Analysis                 
                                      Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-09-2008          Time: 11:36:25     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 369 @ Station 369+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =   9.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  11.9     25.1
 Second Slope from 1st slope. =   0.0     50.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =     25.1 ft 
 End Surcharge - Distance from toe   =     80.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     125.0     35.0     550.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
File: Slope Stability Analysis - Retaining Wall 369 Static Analysis                 
                                      Page -  2 
                   --------- WATER SURFACE ---------   
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Slope Stability Analysis - Retaining Wall 369 Static Analysis
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  80.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   2 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =   6.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   2.0 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 369 Static Analysis                 
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           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     3.780         8.0       43.1   11.0     89.9    3.2
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  11.914 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     3.817        16.0       34.9   19.5     89.9    1.2
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  10.728 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     4.148        24.0       16.3    5.0     33.4   23.0
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Slope Stability Analysis - Retaining Wall 369 Static Analysis
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   6.432 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     4.165        32.0       12.5    6.6     26.5   28.6
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   4.933 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     4.487        40.0        6.7   12.1     24.5   30.8
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   1.779 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     4.936        48.0        5.6   14.5     20.8   35.9
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.976 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     5.478        56.0        4.8   16.9     18.0   41.2
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.348 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     6.055        64.0        4.2   19.3     15.9   46.6
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
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Slope Stability Analysis - Retaining Wall 369 Static Analysis
   
NODE 9
     6.671        72.0        3.8   21.6     14.2   52.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     7.310        80.0        5.1   16.1     11.3   65.3
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.542 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     0.000 Kips/level                             * 
      ******************************************************************** 
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Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 369 @ Station 369+50 


Pseudo Static Analysis 


Kh = 0.147 


 


Wall Height = 9 ft 


 


 
 


 
 







Slope Stability Analysis - Retaining Wall 369 Pseudo Static Analysis
File: Slope Stability Analysis - Retaining Wall 369 Pseudo Static Analysis          
                                             Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-09-2008          Time: 11:38:05     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 369 @ Station 369+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =   9.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  11.9     25.1
 Second Slope from 1st slope. =   0.0     50.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =     25.1 ft 
 End Surcharge - Distance from toe   =     80.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     125.0     35.0     550.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
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                   --------- EARTHQUAKE ACCELERATION ---------   
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Slope Stability Analysis - Retaining Wall 369 Pseudo Static Analysis
   
 Horizontal Earthquake Coefficient  =  0.15 (a/g) 
 Vertical Earthquake Coefficient    =  0.00       
   
                   --------- WATER SURFACE ---------   
   
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  80.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   2 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =   6.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   2.0 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 369 Pseudo Static Analysis          
                                             Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     3.022         8.0       43.1   11.0     89.9    3.2
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  11.914 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     2.931        16.0       34.9   19.5     89.9    1.2
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  10.728 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
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Slope Stability Analysis - Retaining Wall 369 Pseudo Static Analysis
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     3.062        24.0       26.0   16.0     36.2   11.9
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   9.086 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     2.930        32.0       17.6   23.5     36.5   11.9
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   6.846 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     3.033        40.0       13.3   24.7     28.0   18.1
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   5.278 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     3.189        48.0        4.2   19.3     23.9   31.5
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     3.364        56.0        4.8   16.9     18.0   41.2
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.348 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     3.538        64.0        4.2   19.3     15.9   46.6
 
  Reinf. Stress at Level  1 =   0.000 Ksi
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Slope Stability Analysis - Retaining Wall 369 Pseudo Static Analysis
                          2 =   0.000 Ksi
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     3.714        72.0        3.8   21.6     14.2   52.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     3.880        80.0        3.4   24.0     12.8   57.4
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     0.000 Kips/level                             * 
      ******************************************************************** 
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by YSU Date 05/24/08
Project No. : 30989802 Checked by Date 05/24/08
Wall No.: RW 369


β = 11.3 deg


1


5


φ = 35 deg


γ = 125 pcf


= 19.62 kN/m
3


      Using Rankine's formulas,


 


0.28


3.37


0.51


Equivalent Fluid Pressure, EFP = K γ


0.28x19.62


= 5.6 kPa/m


= 35.6 psf/ft


3.37x19.62


= 66.22 kPa/m


= 421.8 psf/ft


0.51X19.62


= 10.0 kPa/m


= 63.8 psf/ft


Active EFP = Ka γ = 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 370


Length of Soil Nail is 18 ft


Date: 4/4/2008


Input Parameters (from Input-Output Sheet)


c cohesion 220 psf 10.533657 kPa


φ friction angle 35 degrees 35 degrees


γ unit weight of soil 125 pcf 19.63 kN/m3


B width of foundation 18 feet 5.49 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 0 feet 0.00 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 33.30


Nc 46.12


Nγ 48.03


Shape Factors


Fcs 1.13


Fqs 1.13


Fγs 0.93


Depth Factors


Fcd 1.00


Fqd 1.00


Fγd 1.00


Effects of Water Table


q 0.00 psf 0.0 kPa


γ 125.00 pcf 19.625 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 61.5 ksf 2944 kPa


qall 20.5 ksf 981 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 370 @ Station 373+00 


Static Analysis 


 


Wall Height = 10 ft 


 


 


 







Slope Stability Analysis - Retaining Wall 370 Static Analysis @ 373+00
File: Slope Stability Analysis - Retaining Wall 370 Static Analysis @ 373+00        
                                               Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-09-2008          Time: 14:35:57     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 370 @ Station 373+00
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  10.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  27.8     32.3
 Second Slope from 1st slope. =   0.0     80.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =     28.6 ft 
 End Surcharge - Distance from toe   =     80.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     125.0     35.0     220.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
File: Slope Stability Analysis - Retaining Wall 370 Static Analysis @ 373+00        
                                               Page -  2 
                   --------- WATER SURFACE ---------   
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Slope Stability Analysis - Retaining Wall 370 Static Analysis @ 373+00
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   2 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =   6.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   2.5 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
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           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     2.002         6.0       52.8    9.9     89.9    5.3
 
  Reinf. Stress at Level  1 =   3.060 Ksi (Pullout controls...)
                          2 =  12.156 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     1.633        12.0       47.4   17.7     89.9    3.3
 
  Reinf. Stress at Level  1 =   0.767 Ksi (Pullout controls...)
                          2 =  11.392 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     1.614        18.0       44.3   25.1     89.9    1.9


Page 2







Slope Stability Analysis - Retaining Wall 370 Static Analysis @ 373+00
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  10.905 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.652        24.0       39.0   21.6     51.5   11.6
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  10.014 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.647        30.0       36.2   29.7     51.4    9.6
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   9.491 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     1.670        36.0       30.1   25.0     41.0   19.1
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   8.208 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     1.778        42.0       30.8   48.9     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   8.371 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     1.918        48.0       27.6   54.1     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   7.584 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
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NODE 9
     2.076        54.0       17.2   17.0     27.9   42.8
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   4.224 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     2.237        60.0       11.8   12.3     25.2   53.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   1.592 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     0.000 Kips/level                             * 
      ******************************************************************** 
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Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 370 @ Station 373+00 


Pseudo Static Analysis 


kh = 0.147 


 


Wall Height = 10 ft 


 


 


 







Slope Stability Analysis - Retaining Wall 370 Pseudo Static Analysis @ 373+00
File: Slope Stability Analysis - Retaining Wall 370 Pseudo Static Analysis @ 373+00 
                                                      Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-09-2008          Time: 14:34:14     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 370 @ Station 373+00
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  10.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =  27.8     32.3
 Second Slope from 1st slope. =   0.0     80.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =     28.6 ft 
 End Surcharge - Distance from toe   =     80.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     125.0     35.0     220.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
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                   --------- EARTHQUAKE ACCELERATION ---------   
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Slope Stability Analysis - Retaining Wall 370 Pseudo Static Analysis @ 373+00
   
 Horizontal Earthquake Coefficient  =  0.15 (a/g) 
 Vertical Earthquake Coefficient    =  0.00       
   
                   --------- WATER SURFACE ---------   
   
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   2 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =   6.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   2.5 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 370 Pseudo Static Analysis @ 373+00 
                                                      Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     1.635         6.0       47.6    8.9     89.9    6.6
 
  Reinf. Stress at Level  1 =   0.867 Ksi (Pullout controls...)
                          2 =  11.425 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     1.314        12.0       47.4   17.7     89.9    3.3
 
  Reinf. Stress at Level  1 =   0.767 Ksi (Pullout controls...)
                          2 =  11.392 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
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           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     1.287        18.0       44.3   25.1     89.9    1.9
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  10.905 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.297        24.0       39.6   24.9     54.8    8.3
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =  10.117 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.276        30.0       35.6   25.8     48.1   13.5
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   9.382 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     1.265        36.0       30.1   25.0     41.0   19.1
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   8.208 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     1.321        42.0       25.5   23.3     35.6   25.8
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   7.037 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     1.396        48.0       21.4   20.6     31.3   33.7
 
  Reinf. Stress at Level  1 =   0.000 Ksi


Page 3







Slope Stability Analysis - Retaining Wall 370 Pseudo Static Analysis @ 373+00
                          2 =   5.780 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     1.477        54.0       13.1   11.1     27.6   48.7
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   2.294 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     1.573        60.0       22.7   65.0     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   6.196 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     0.000 Kips/level                             * 
      ******************************************************************** 
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State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 370 @ Station 373+50 


Static Analysis 


 


Wall Height = 23 ft 


 


 


 







Slope Stability Analysis - Retaining Wall 370 Static Analysis @ 373+50
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               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-09-2008          Time: 14:24:01     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 370 @ Station 373+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  23.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =   0.0     50.0
 Second Slope from 1st slope. =   0.0      0.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =      0.0 ft 
 End Surcharge - Distance from toe   =     50.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     125.0     35.0     220.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
E
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                   --------- WATER SURFACE ---------   
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NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   4 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  18.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   2.5 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
E
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           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     1.968         6.0       66.5   15.0     89.9    9.2
 
  Reinf. Stress at Level  1 =  32.803 Ksi (Pullout controls...)
                          2 =  32.818 Ksi (Pullout controls...)      
                          3 =  36.000 Ksi (Yield Stress controls.)   
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     1.771        12.0       53.3   20.1     89.9    6.9
 
  Reinf. Stress at Level  1 =  15.521 Ksi (Pullout controls...)
                          2 =  22.357 Ksi (Pullout controls...)      
                          3 =  31.311 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
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                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     1.641        18.0       48.2   21.6     62.4    7.8
 
  Reinf. Stress at Level  1 =   7.894 Ksi (Pullout controls...)
                          2 =  17.880 Ksi (Pullout controls...)      
                          3 =  28.277 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.617        24.0       43.8   33.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   1.930 Ksi (Pullout controls...)
                          2 =  13.681 Ksi (Pullout controls...)      
                          3 =  25.433 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.695        30.0       37.5   37.8     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   6.932 Ksi (Pullout controls...)      
                          3 =  20.861 Ksi (Pullout controls...)      
                          4 =  34.790 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     1.806        36.0       32.6   42.7     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.848 Ksi (Pullout controls...)      
                          3 =  16.740 Ksi (Pullout controls...)      
                          4 =  32.631 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     1.977        42.0       28.7   47.9     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  13.005 Ksi (Pullout controls...)      
                          4 =  30.675 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
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           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     2.162        48.0       25.6   53.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   9.605 Ksi (Pullout controls...)      
                          4 =  28.894 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     2.357        54.0       23.1   58.7     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   6.497 Ksi (Pullout controls...)      
                          4 =  27.266 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     2.553        60.0       21.0   64.3     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   3.645 Ksi (Pullout controls...)      
                          4 =  25.772 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     7.798 Kips/level                             * 
      ******************************************************************** 
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kh = 0.147 


 


Wall Height = 23 ft 
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               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-09-2008          Time: 14:35:43     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 370 @ Station 373+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  23.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =   0.0     50.0
 Second Slope from 1st slope. =   0.0      0.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =      0.0 ft 
 End Surcharge - Distance from toe   =     50.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     125.0     35.0     220.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
E
File: Slope Stability Analysis - Retaining Wall 370 Pseudo Static Analysis @ 373+50 
                                                      Page -  2 
   
                   --------- EARTHQUAKE ACCELERATION ---------   
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 Horizontal Earthquake Coefficient  =  0.15 (a/g) 
 Vertical Earthquake Coefficient    =  0.00       
   
                   --------- WATER SURFACE ---------   
   
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   4 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  18.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   2.5 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
E
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           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     1.737         6.0       66.5   15.0     89.9    9.2
 
  Reinf. Stress at Level  1 =  32.803 Ksi (Pullout controls...)
                          2 =  32.818 Ksi (Pullout controls...)      
                          3 =  36.000 Ksi (Yield Stress controls.)   
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     1.427        12.0       53.3   20.1     89.9    6.9
 
  Reinf. Stress at Level  1 =  15.521 Ksi (Pullout controls...)
                          2 =  22.357 Ksi (Pullout controls...)      
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                          3 =  31.311 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     1.289        18.0       48.2   21.6     62.4    7.8
 
  Reinf. Stress at Level  1 =   7.894 Ksi (Pullout controls...)
                          2 =  17.880 Ksi (Pullout controls...)      
                          3 =  28.277 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.229        24.0       38.6   18.4     50.1   15.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   8.330 Ksi (Pullout controls...)      
                          3 =  21.737 Ksi (Pullout controls...)      
                          4 =  35.249 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.264        30.0       37.5   37.8     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   6.932 Ksi (Pullout controls...)      
                          3 =  20.861 Ksi (Pullout controls...)      
                          4 =  34.790 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     1.320        36.0       32.6   42.7     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.848 Ksi (Pullout controls...)      
                          3 =  16.740 Ksi (Pullout controls...)      
                          4 =  32.631 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     1.413        42.0       28.7   47.9     89.9    0.0
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  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  13.005 Ksi (Pullout controls...)      
                          4 =  30.675 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     1.510        48.0       25.6   53.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   9.605 Ksi (Pullout controls...)      
                          4 =  28.894 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     1.610        54.0       23.1   58.7     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   6.497 Ksi (Pullout controls...)      
                          4 =  27.266 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     1.706        60.0       21.0   64.3     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   3.645 Ksi (Pullout controls...)      
                          4 =  25.772 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                    12.247 Kips/level                             * 
      ******************************************************************** 
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Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by YSU Date 05/24/08
Project No. : 30989802 Checked by Date 05/24/08
Wall No.: RW 370


β = 26.6 deg


1


2


φ = 35 deg


γ = 125 pcf


= 19.62 kN/m
3


      Using Rankine's formulas,
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Equivalent Fluid Pressure, EFP = K γ


0.38x19.62


= 7.5 kPa/m


= 47.7 psf/ft


2.09x19.62


= 41.1 kPa/m


= 261.8 psf/ft


0.62X19.62


= 12.1 kPa/m


= 77.1 psf/ft


Active EFP = Ka γ = 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 375 - Level Ground


Width of the Wall is 18.25 ft


Date: 4/30/2008


Input Parameters (from Input-Output Sheet)


c cohesion 200 psf 9.5760518 kPa


φ friction angle 37 degrees 37 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 18.25 feet 5.56 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 42.92


Nc 55.63


Nγ 66.19


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.07


Fqd 1.04


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 100.1 ksf 4791 kPa


qall 33.4 ksf 1597 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 375


Width of the Foundation is 18.25 ft


Date: 4/30/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 83 ft 1 0 3 3 120 0.3 NA NA 1100 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 49 46 120 0.3 NA NA 1100 Sand N NA


Depth Interval 0.5 ft 3 49 49 0 120 0.3 NA NA 1100 Sand N NA


Footing Length 1000 ft


Footing Width 18.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 9.125 ft


Ground Surface Elevation 845 ft MSL


Foundation Pressure 8300 psf


Net Foundation Pressure 7940 psf Total Layer Thickness 49 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.69


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 844.75 120.00 30.00 0.00 30.00 0.30 1100.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 844.25 120.00 90.00 0.00 90.00 0.30 1100.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 843.75 120.00 150.00 0.00 150.00 0.30 1100.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 843.25 120.00 210.00 0.00 210.00 0.30 1100.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 842.75 120.00 270.00 0.00 270.00 0.30 1100.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 842.25 120.00 330.00 0.00 330.00 0.30 1100.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 841.75 120.00 390.00 0.00 390.00 0.30 1100.00 NA NA 7865.97 Sand N 390.00 0.043


2 3.5 4 3.75 0.75 841.25 120.00 450.00 0.00 450.00 0.30 1100.00 NA NA 7718.03 Sand N 450.00 0.042


2 4 4.5 4.25 1.25 840.75 120.00 510.00 0.00 510.00 0.30 1100.00 NA NA 7570.48 Sand N 510.00 0.041


2 4.5 5 4.75 1.75 840.25 120.00 570.00 0.00 570.00 0.30 1100.00 NA NA 7423.55 Sand N 570.00 0.040


2 5 5.5 5.25 2.25 839.75 120.00 630.00 0.00 630.00 0.30 1100.00 NA NA 7277.49 Sand N 630.00 0.040


2 5.5 6 5.75 2.75 839.25 120.00 690.00 0.00 690.00 0.30 1100.00 NA NA 7132.53 Sand N 690.00 0.039


2 6 6.5 6.25 3.25 838.75 120.00 750.00 0.00 750.00 0.30 1100.00 NA NA 6988.90 Sand N 750.00 0.038


2 6.5 7 6.75 3.75 838.25 120.00 810.00 0.00 810.00 0.30 1100.00 NA NA 6846.81 Sand N 810.00 0.037


2 7 7.5 7.25 4.25 837.75 120.00 870.00 0.00 870.00 0.30 1100.00 NA NA 6706.45 Sand N 870.00 0.037


2 7.5 8 7.75 4.75 837.25 120.00 930.00 0.00 930.00 0.30 1100.00 NA NA 6568.00 Sand N 930.00 0.036


2 8 8.5 8.25 5.25 836.75 120.00 990.00 0.00 990.00 0.30 1100.00 NA NA 6431.63 Sand N 990.00 0.035


2 8.5 9 8.75 5.75 836.25 120.00 1050.00 0.00 1050.00 0.30 1100.00 NA NA 6297.49 Sand N 1050.00 0.034


2 9 9.5 9.25 6.25 835.75 120.00 1110.00 0.00 1110.00 0.30 1100.00 NA NA 6165.70 Sand N 1110.00 0.034


2 9.5 10 9.75 6.75 835.25 120.00 1170.00 0.00 1170.00 0.30 1100.00 NA NA 6036.37 Sand N 1170.00 0.033


2 10 10.5 10.25 7.25 834.75 120.00 1230.00 0.00 1230.00 0.30 1100.00 NA NA 5909.61 Sand N 1230.00 0.032


2 10.5 11 10.75 7.75 834.25 120.00 1290.00 0.00 1290.00 0.30 1100.00 NA NA 5785.50 Sand N 1290.00 0.032


2 11 11.5 11.25 8.25 833.75 120.00 1350.00 0.00 1350.00 0.30 1100.00 NA NA 5664.08 Sand N 1350.00 0.031


2 11.5 12 11.75 8.75 833.25 120.00 1410.00 0.00 1410.00 0.30 1100.00 NA NA 5545.42 Sand N 1410.00 0.030


2 12 12.5 12.25 9.25 832.75 120.00 1470.00 0.00 1470.00 0.30 1100.00 NA NA 5429.55 Sand N 1470.00 0.030


2 12.5 13 12.75 9.75 832.25 120.00 1530.00 0.00 1530.00 0.30 1100.00 NA NA 5316.48 Sand N 1530.00 0.029


2 13 13.5 13.25 10.25 831.75 120.00 1590.00 0.00 1590.00 0.30 1100.00 NA NA 5206.23 Sand N 1590.00 0.028


2 13.5 14 13.75 10.75 831.25 120.00 1650.00 0.00 1650.00 0.30 1100.00 NA NA 5098.79 Sand N 1650.00 0.028


2 14 14.5 14.25 11.25 830.75 120.00 1710.00 0.00 1710.00 0.30 1100.00 NA NA 4994.16 Sand N 1710.00 0.027


2 14.5 15 14.75 11.75 830.25 120.00 1770.00 0.00 1770.00 0.30 1100.00 NA NA 4892.29 Sand N 1770.00 0.027


2 15 15.5 15.25 12.25 829.75 120.00 1830.00 0.00 1830.00 0.30 1100.00 NA NA 4793.18 Sand N 1830.00 0.026


2 15.5 16 15.75 12.75 829.25 120.00 1890.00 0.00 1890.00 0.30 1100.00 NA NA 4696.78 Sand N 1890.00 0.026


2 16 16.5 16.25 13.25 828.75 120.00 1950.00 0.00 1950.00 0.30 1100.00 NA NA 4603.04 Sand N 1950.00 0.025


2 16.5 17 16.75 13.75 828.25 120.00 2010.00 0.00 2010.00 0.30 1100.00 NA NA 4511.93 Sand N 2010.00 0.025


2 17 17.5 17.25 14.25 827.75 120.00 2070.00 0.00 2070.00 0.30 1100.00 NA NA 4423.39 Sand N 2070.00 0.024


2 17.5 18 17.75 14.75 827.25 120.00 2130.00 0.00 2130.00 0.30 1100.00 NA NA 4337.36 Sand N 2130.00 0.024


2 18 18.5 18.25 15.25 826.75 120.00 2190.00 0.00 2190.00 0.30 1100.00 NA NA 4253.78 Sand N 2190.00 0.023


2 18.5 19 18.75 15.75 826.25 120.00 2250.00 0.00 2250.00 0.30 1100.00 NA NA 4172.61 Sand N 2250.00 0.023


2 19 19.5 19.25 16.25 825.75 120.00 2310.00 0.00 2310.00 0.30 1100.00 NA NA 4093.76 Sand N 2310.00 0.022


2 19.5 20 19.75 16.75 825.25 120.00 2370.00 0.00 2370.00 0.30 1100.00 NA NA 4017.19 Sand N 2370.00 0.022


2 20 20.5 20.25 17.25 824.75 120.00 2430.00 0.00 2430.00 0.30 1100.00 NA NA 3942.83 Sand N 2430.00 0.022


2 20.5 21 20.75 17.75 824.25 120.00 2490.00 0.00 2490.00 0.30 1100.00 NA NA 3870.62 Sand N 2490.00 0.021


2 21 21.5 21.25 18.25 823.75 120.00 2550.00 0.00 2550.00 0.30 1100.00 NA NA 3800.48 Sand N 2550.00 0.021


2 21.5 22 21.75 18.75 823.25 120.00 2610.00 0.00 2610.00 0.30 1100.00 NA NA 3732.37 Sand N 2610.00 0.020


2 22 22.5 22.25 19.25 822.75 120.00 2670.00 0.00 2670.00 0.30 1100.00 NA NA 3666.21 Sand N 2670.00 0.020


2 22.5 23 22.75 19.75 822.25 120.00 2730.00 0.00 2730.00 0.30 1100.00 NA NA 3601.95 Sand N 2730.00 0.020


2 23 23.5 23.25 20.25 821.75 120.00 2790.00 0.00 2790.00 0.30 1100.00 NA NA 3539.52 Sand N 2790.00 0.019


2 23.5 24 23.75 20.75 821.25 120.00 2850.00 0.00 2850.00 0.30 1100.00 NA NA 3478.87 Sand N 2850.00 0.019


2 24 24.5 24.25 21.25 820.75 120.00 2910.00 0.00 2910.00 0.30 1100.00 NA NA 3419.93 Sand N 2910.00 0.019


2 24.5 25 24.75 21.75 820.25 120.00 2970.00 0.00 2970.00 0.30 1100.00 NA NA 3362.66 Sand N 2970.00 0.018


2 25 25.5 25.25 22.25 819.75 120.00 3030.00 0.00 3030.00 0.30 1100.00 NA NA 3306.99 Sand N 3030.00 0.018


2 25.5 26 25.75 22.75 819.25 120.00 3090.00 0.00 3090.00 0.30 1100.00 NA NA 3252.88 Sand N 3090.00 0.018


2 26 26.5 26.25 23.25 818.75 120.00 3150.00 0.00 3150.00 0.30 1100.00 NA NA 3200.26 Sand N 3150.00 0.017


2 26.5 27 26.75 23.75 818.25 120.00 3210.00 0.00 3210.00 0.30 1100.00 NA NA 3149.09 Sand N 3210.00 0.017


2 27 27.5 27.25 24.25 817.75 120.00 3270.00 0.00 3270.00 0.30 1100.00 NA NA 3099.33 Sand N 3270.00 0.017


2 27.5 28 27.75 24.75 817.25 120.00 3330.00 0.00 3330.00 0.30 1100.00 NA NA 3050.91 Sand N 3330.00 0.017


2 28 28.5 28.25 25.25 816.75 120.00 3390.00 0.00 3390.00 0.30 1100.00 NA NA 3003.81 Sand N 3390.00 0.016


2 28.5 29 28.75 25.75 816.25 120.00 3450.00 0.00 3450.00 0.30 1100.00 NA NA 2957.96 Sand N 3450.00 0.016


2 29 29.5 29.25 26.25 815.75 120.00 3510.00 0.00 3510.00 0.30 1100.00 NA NA 2913.34 Sand N 3510.00 0.016


2 29.5 30 29.75 26.75 815.25 120.00 3570.00 0.00 3570.00 0.30 1100.00 NA NA 2869.89 Sand N 3570.00 0.016


2 30 30.5 30.25 27.25 814.75 120.00 3630.00 0.00 3630.00 0.30 1100.00 NA NA 2827.58 Sand N 3630.00 0.015


2 30.5 31 30.75 27.75 814.25 120.00 3690.00 0.00 3690.00 0.30 1100.00 NA NA 2786.38 Sand N 3690.00 0.015


2 31 31.5 31.25 28.25 813.75 120.00 3750.00 0.00 3750.00 0.30 1100.00 NA NA 2746.23 Sand N 3750.00 0.015


2 31.5 32 31.75 28.75 813.25 120.00 3810.00 0.00 3810.00 0.30 1100.00 NA NA 2707.11 Sand N 3810.00 0.015


2 32 32.5 32.25 29.25 812.75 120.00 3870.00 0.00 3870.00 0.30 1100.00 NA NA 2668.99 Sand N 3870.00 0.015


2 32.5 33 32.75 29.75 812.25 120.00 3930.00 0.00 3930.00 0.30 1100.00 NA NA 2631.82 Sand N 3930.00 0.014


2 33 33.5 33.25 30.25 811.75 120.00 3990.00 0.00 3990.00 0.30 1100.00 NA NA 2595.58 Sand N 3990.00 0.014


2 33.5 34 33.75 30.75 811.25 120.00 4050.00 0.00 4050.00 0.30 1100.00 NA NA 2560.24 Sand N 4050.00 0.014


2 34 34.5 34.25 31.25 810.75 120.00 4110.00 0.00 4110.00 0.30 1100.00 NA NA 2525.76 Sand N 4110.00 0.014


2 34.5 35 34.75 31.75 810.25 120.00 4170.00 0.00 4170.00 0.30 1100.00 NA NA 2492.12 Sand N 4170.00 0.014


2 35 35.5 35.25 32.25 809.75 120.00 4230.00 0.00 4230.00 0.30 1100.00 NA NA 2459.30 Sand N 4230.00 0.013


2 35.5 36 35.75 32.75 809.25 120.00 4290.00 0.00 4290.00 0.30 1100.00 NA NA 2427.26 Sand N 4290.00 0.013


2 36 36.5 36.25 33.25 808.75 120.00 4350.00 0.00 4350.00 0.30 1100.00 NA NA 2395.98 Sand N 4350.00 0.013


2 36.5 37 36.75 33.75 808.25 120.00 4410.00 0.00 4410.00 0.30 1100.00 NA NA 2365.43 Sand N 4410.00 0.013


2 37 37.5 37.25 34.25 807.75 120.00 4470.00 0.00 4470.00 0.30 1100.00 NA NA 2335.60 Sand N 4470.00 0.013


2 37.5 38 37.75 34.75 807.25 120.00 4530.00 0.00 4530.00 0.30 1100.00 NA NA 2306.45 Sand N 4530.00 0.013


2 38 38.5 38.25 35.25 806.75 120.00 4590.00 0.00 4590.00 0.30 1100.00 NA NA 2277.98 Sand N 4590.00 0.012


2 38.5 39 38.75 35.75 806.25 120.00 4650.00 0.00 4650.00 0.30 1100.00 NA NA 2250.14 Sand N 4650.00 0.012


2 39 39.5 39.25 36.25 805.75 120.00 4710.00 0.00 4710.00 0.30 1100.00 NA NA 2222.94 Sand N 4710.00 0.012


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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2.174


Surcharge Load = 240 psf


RW 375


Proposed RW 379


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 375 @ Station 380+00
Static Analysis


Name: Backfill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Wall Height = 32 ft
Width of the Wall = 18.25 ft


Name: Alluvium  


Unit Weight: 120 pcf


Cohesion: 200 psf


Phi: 37 °


Offset (ft)
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1.848


Surcharge Load = 240 psf


RW 375


Proposed RW 379


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 375 @ Station 380+00


Pseudo Static Analysis


kh = 0.147


Name: Backfill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Wall Height = 32 ft


Width of the Wall = 18.25 ft


Name: Alluvium  


Unit Weight: 120 pcf


Cohesion: 200 psf


Phi: 37 °


Offset (ft)


-180 -170 -160 -150 -140 -130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30


E
le


v
a
ti
o
n
 (


ft
 M


S
L
)


810


820


830


840


850


860


870


880







Lateral Earth Pressure
Page 1  of  1


Sheet 1  of  1


Project Name: SR91 SW & RW Computed by SP Date 05/28/08
Project No. : 30989802 Checked by Date 05/28/08
Wall No.: RW 375


β = 21.8 deg


1


2.5


φ = 34 deg


γ = 120 pcf


= 18.84 kN/m
3


      Using Rankine's formulas,


 


0.35


2.45


0.60


Equivalent Fluid Pressure, EFP = K γ


0.35x18.84


= 6.6 kPa/m


= 42.2 psf/ft


2.45x18.84


= 46.14 kPa/m


= 293.9 psf/ft


0.6X18.84


= 11.4 kPa/m


= 72.5 psf/ft


Active EFP = Ka γ = 


Passive EFP = Kp γ = 


At-rest EFP = Ko γ = 


Ignore Cohesion
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 376


Length of Soil Nail is 16 ft


Date: 4/4/2008


Input Parameters (from Input-Output Sheet)


c cohesion 250 psf 11.970065 kPa


φ friction angle 34 degrees 34 degrees


γ unit weight of soil 125 pcf 19.63 kN/m3


B width of foundation 16 feet 4.88 m


L length of foundation 100 feet 30.48 m


Df depth of foundation 0 feet 0.00 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 29.44


Nc 42.16


Nγ 41.06


Shape Factors


Fcs 1.11


Fqs 1.11


Fγs 0.94


Depth Factors


Fcd 1.00


Fqd 1.00


Fγd 1.00


Effects of Water Table


q 0.00 psf 0.0 kPa


γ 125.00 pcf 19.625 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 50.1 ksf 2397 kPa


qall 16.7 ksf 799 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 376 @ Station 376+50 


Static Analysis 


 


Wall Height = 22 ft 


 


 


 







Slope Stability Analysis - Retaining Wall 376 Static Analysis
File: Slope Stability Analysis - Retaining Wall 376 Static Analysis                 
                                      Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-09-2008          Time: 14:50:54     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 376 @ 376+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  22.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =   0.0      0.0
 Second Slope from 1st slope. =   0.0      0.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =      0.0 ft 
 End Surcharge - Distance from toe   =     50.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     125.0     34.0     250.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
File: Slope Stability Analysis - Retaining Wall 376 Static Analysis                 
                                      Page -  2 
                   --------- WATER SURFACE ---------   
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Slope Stability Analysis - Retaining Wall 376 Static Analysis
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   4 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  16.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   2.5 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 376 Static Analysis                 
                                      Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     2.089         6.0       71.2   18.6     89.9    4.4
 
  Reinf. Stress at Level  1 =  27.249 Ksi (Pullout controls...)
                          2 =  31.489 Ksi (Pullout controls...)      
                          3 =  35.991 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     1.760        12.0       52.1   19.5     89.9    6.6
 
  Reinf. Stress at Level  1 =   9.954 Ksi (Pullout controls...)
                          2 =  17.604 Ksi (Pullout controls...)      
                          3 =  26.893 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
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Slope Stability Analysis - Retaining Wall 376 Static Analysis
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     1.599        18.0       45.5   15.4     56.8   13.1
 
  Reinf. Stress at Level  1 =   4.418 Ksi (Pullout controls...)
                          2 =  12.443 Ksi (Pullout controls...)      
                          3 =  23.260 Ksi (Pullout controls...)      
                          4 =  34.462 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.596        24.0       42.5   32.6     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   9.265 Ksi (Pullout controls...)      
                          3 =  21.430 Ksi (Pullout controls...)      
                          4 =  33.595 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.693        30.0       36.3   37.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   2.806 Ksi (Pullout controls...)      
                          3 =  17.198 Ksi (Pullout controls...)      
                          4 =  31.591 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     1.845        36.0       31.4   42.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  13.396 Ksi (Pullout controls...)      
                          4 =  29.790 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     2.035        42.0       27.6   47.4     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   9.962 Ksi (Pullout controls...)      
                          4 =  28.163 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
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Slope Stability Analysis - Retaining Wall 376 Static Analysis
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     2.231        48.0       24.6   52.8     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   6.844 Ksi (Pullout controls...)      
                          4 =  26.686 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     2.436        54.0       22.2   58.3     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   4.001 Ksi (Pullout controls...)      
                          4 =  25.339 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     2.643        60.0       20.1   63.9     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   1.398 Ksi (Pullout controls...)      
                          4 =  24.107 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                     6.299 Kips/level                             * 
      ******************************************************************** 
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Slope Stability Analysis - SNAIL 


State Route 91 Retaining Wall and Soundwall Project 


Retaining Wall 376 @ Station 376+50 


Pseudo Static Analysis 


kh = 0.147 


 


Wall Height = 22 ft 


 


 


 







Slope Stability Analysis - Retaining Wall 376 Pseudo Static Analysis
File: Slope Stability Analysis - Retaining Wall 376 Pseudo Static Analysis          
                                             Page -  1 
  
               ***************************************************
               *    CALIFORNIA DEPARTMENT OF TRANSPORTATION      *
               *          ENGINEERING SERVICE CENTER             *
               *     DIVISION OF MATERIALS AND FOUNDATIONS       *
               *   Office of Roadway Geotechnical Engineering    *
               *    Date: 05-09-2008          Time: 14:51:53     *
               ***************************************************
 
Project Identification - State Route 91 Retaining Wall and Soundwall - Retaining 
Wall 376 @ 376+50
 
              --------- WALL GEOMETRY ---------          
   
 Vertical Wall Height         =  22.0 ft 
 Wall Batter                  =   0.0 degree 
                                Angle   Length
                                (Deg)   (Feet)
 First Slope from Wallcrest.  =   0.0      0.0
 Second Slope from 1st slope. =   0.0      0.0
 Third Slope from 2nd slope.  =   0.0      0.0
 Fourth Slope from 3rd slope. =   0.0      0.0
 Fifth Slope from 3rd slope.  =   0.0      0.0
 Sixth Slope from 3rd slope.  =   0.0      0.0
 Seventh Slope Angle.         =   0.0
   
           --------- SLOPE BELOW THE WALL ---------
   
There is NO SLOPE BELOW THE TOE of the wall
   
   
                --------- SURCHARGE ---------       
 
 THE SURCHARGES IMPOSED ON THE SYSTEM ARE:         
   
 Begin Surcharge - Distance from toe =      0.0 ft 
 End Surcharge - Distance from toe   =     50.0 ft 
 Loading Intensity - Begin           =    240.0 psf/ft
 Loading Intensity - End             =    240.0 psf/ft 
   
   
                 --------- OPTION #1 ---------
   
 Factored Punching shear, Bond & Yield Stress are used.
   
   
                --------- SOIL PARAMETERS ---------   
   
        Unit    Friction   Cohesion   Bond*   Coordinates of Boundary
 Soil   Weight  Angle      Intercept  Stress  XS1    YS1    XS2    YS2
 Layer  (Pcf)   (Degree)     (Psf)    (Psi)   (ft)   (ft)   (ft)   (ft)
 
  1     125.0     34.0     250.0       7.3    0.0    0.0    0.0    0.0
 
 * Bond Stress also depends on BSF Factor in Option #5 when enabled.
 
F
File: Slope Stability Analysis - Retaining Wall 376 Pseudo Static Analysis          
                                             Page -  2 
   
                   --------- EARTHQUAKE ACCELERATION ---------   
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Slope Stability Analysis - Retaining Wall 376 Pseudo Static Analysis
   
 Horizontal Earthquake Coefficient  =  0.15 (a/g) 
 Vertical Earthquake Coefficient    =  0.00       
   
                   --------- WATER SURFACE ---------   
   
 
NO Water Table defined for this problem.
   
   
            --------- SEARCH LIMIT ---------    
   
   
 The Search Limit is from   0.0 to  60.0 ft
   
   You have chosen NOT TO LIMIT the search of failure planes   
   to specific nodes.
   
   
       --------- REINFORCEMENT PARAMETERS ---------   
   
   
 Number of Reinforcement Levels              =   4 
 Horizontal Spacing                          =   5.0 ft 
 Diameter of Reinforcement Element           = 1.000 in 
 Yield Stress of Reinforcement               =  36.0 ksi 
 Diameter of Grouted Hole                    =   8.0 in 
 Punching Shear                              =  35.0 kips 
   
   
      ---------     (For ALL Levels)     ---------  
   
   
 Reinforcement Lengths                 =  16.0 ft 
 Reinforcement Inclination             =  15.0  degrees 
 Vertical Spacing to First Level       =   2.5 ft 
 Vertical Spacing to Remaining Levels  =   5.0 ft 
F
File: Slope Stability Analysis - Retaining Wall 376 Pseudo Static Analysis          
                                             Page -  3 
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
   Toe     1.864         6.0       71.2   18.6     89.9    4.4
 
  Reinf. Stress at Level  1 =  27.249 Ksi (Pullout controls...)
                          2 =  31.489 Ksi (Pullout controls...)      
                          3 =  35.991 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 2
     1.411        12.0       52.1   19.5     89.9    6.6
 
  Reinf. Stress at Level  1 =   9.954 Ksi (Pullout controls...)
                          2 =  17.604 Ksi (Pullout controls...)      
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Slope Stability Analysis - Retaining Wall 376 Pseudo Static Analysis
                          3 =  26.893 Ksi (Pullout controls...)      
                          4 =  36.000 Ksi (Yield Stress controls.)   
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 3
     1.258        18.0       45.5   15.4     56.8   13.1
 
  Reinf. Stress at Level  1 =   4.418 Ksi (Pullout controls...)
                          2 =  12.443 Ksi (Pullout controls...)      
                          3 =  23.260 Ksi (Pullout controls...)      
                          4 =  34.462 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 4
     1.224        24.0       42.5   32.6     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   9.265 Ksi (Pullout controls...)      
                          3 =  21.430 Ksi (Pullout controls...)      
                          4 =  33.595 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 5
     1.264        30.0       36.3   37.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   2.806 Ksi (Pullout controls...)      
                          3 =  17.198 Ksi (Pullout controls...)      
                          4 =  31.591 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 6
     1.346        36.0       31.4   42.2     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =  13.396 Ksi (Pullout controls...)      
                          4 =  29.790 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 7
     1.448        42.0       27.6   47.4     89.9    0.0
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  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   9.962 Ksi (Pullout controls...)      
                          4 =  28.163 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 8
     1.549        48.0       24.6   52.8     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   6.844 Ksi (Pullout controls...)      
                          4 =  26.686 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE 9
     1.652        54.0       22.2   58.3     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   4.001 Ksi (Pullout controls...)      
                          4 =  25.339 Ksi (Pullout controls...)      
   
           MINIMUM    DISTANCE    LOWER FAILURE   UPPER FAILURE
           SAFETY      BEHIND         PLANE           PLANE 
           FACTOR     WALL TOE    ANGLE  LENGTH   ANGLE  LENGTH
                        (ft)      (deg)   (ft)    (deg)   (ft)
   
NODE10
     1.753        60.0       20.1   63.9     89.9    0.0
 
  Reinf. Stress at Level  1 =   0.000 Ksi
                          2 =   0.000 Ksi
                          3 =   1.398 Ksi (Pullout controls...)      
                          4 =  24.107 Ksi (Pullout controls...)      
    
    
      ******************************************************************** 
      *                For Factor of Safety = 1.0                        * 
      *         Maximum Average Reinforcement Working Force:             * 
      *                    10.580 Kips/level                             * 
      ******************************************************************** 
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 378 - Level ground


Width of the Wall is 14.25 ft


Date: 5/5/2008


Input Parameters (from Input-Output Sheet)


c cohesion 440 psf 21.067314 kPa


φ friction angle 36 degrees 36 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 14.25 feet 4.34 m


L length of foundation 875 feet 266.69 m


Df depth of foundation 3.5 feet 1.07 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 37.75


Nc 50.59


Nγ 56.31


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.10


Fqd 1.06


Fγd 1.00


Effects of Water Table


q 420.00 psf 20.1 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 89.4 ksf 4281 kPa


qall 29.8 ksf 1427 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 378


Width of the Foundation is 14.25 ft


Date: 5/2/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 120 0.3 NA NA 1100 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 46.5 43.5 120 0.3 NA NA 1100 Sand N NA


Depth Interval 0.5 ft


Footing Length 875 ft


Footing Width 14.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 437.5 ft


Calculation Point offset Along Width 7.125 ft


Ground Surface Elevation 846.5 ft MSL


Foundation Pressure 7000 psf


Net Foundation Pressure 6640 psf Total Layer Thickness 46.5 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.10


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 846.25 120.00 30.00 0.00 30.00 0.30 1100.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 845.75 120.00 90.00 0.00 90.00 0.30 1100.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 845.25 120.00 150.00 0.00 150.00 0.30 1100.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 844.75 120.00 210.00 0.00 210.00 0.30 1100.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 844.25 120.00 270.00 0.00 270.00 0.30 1100.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 843.75 120.00 330.00 0.00 330.00 0.30 1100.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 843.25 120.00 390.00 0.00 390.00 0.30 1100.00 NA NA 6560.72 Sand N 390.00 0.036


2 3.5 4 3.75 0.75 842.75 120.00 450.00 0.00 450.00 0.30 1100.00 NA NA 6402.38 Sand N 450.00 0.035


2 4 4.5 4.25 1.25 842.25 120.00 510.00 0.00 510.00 0.30 1100.00 NA NA 6244.70 Sand N 510.00 0.034


2 4.5 5 4.75 1.75 841.75 120.00 570.00 0.00 570.00 0.30 1100.00 NA NA 6088.12 Sand N 570.00 0.033


2 5 5.5 5.25 2.25 841.25 120.00 630.00 0.00 630.00 0.30 1100.00 NA NA 5933.04 Sand N 630.00 0.032


2 5.5 6 5.75 2.75 840.75 120.00 690.00 0.00 690.00 0.30 1100.00 NA NA 5779.86 Sand N 690.00 0.032


2 6 6.5 6.25 3.25 840.25 120.00 750.00 0.00 750.00 0.30 1100.00 NA NA 5628.93 Sand N 750.00 0.031


2 6.5 7 6.75 3.75 839.75 120.00 810.00 0.00 810.00 0.30 1100.00 NA NA 5480.59 Sand N 810.00 0.030


2 7 7.5 7.25 4.25 839.25 120.00 870.00 0.00 870.00 0.30 1100.00 NA NA 5335.12 Sand N 870.00 0.029


2 7.5 8 7.75 4.75 838.75 120.00 930.00 0.00 930.00 0.30 1100.00 NA NA 5192.76 Sand N 930.00 0.028


2 8 8.5 8.25 5.25 838.25 120.00 990.00 0.00 990.00 0.30 1100.00 NA NA 5053.75 Sand N 990.00 0.028


2 8.5 9 8.75 5.75 837.75 120.00 1050.00 0.00 1050.00 0.30 1100.00 NA NA 4918.24 Sand N 1050.00 0.027


2 9 9.5 9.25 6.25 837.25 120.00 1110.00 0.00 1110.00 0.30 1100.00 NA NA 4786.37 Sand N 1110.00 0.026


2 9.5 10 9.75 6.75 836.75 120.00 1170.00 0.00 1170.00 0.30 1100.00 NA NA 4658.25 Sand N 1170.00 0.025


2 10 10.5 10.25 7.25 836.25 120.00 1230.00 0.00 1230.00 0.30 1100.00 NA NA 4533.95 Sand N 1230.00 0.025


2 10.5 11 10.75 7.75 835.75 120.00 1290.00 0.00 1290.00 0.30 1100.00 NA NA 4413.49 Sand N 1290.00 0.024


2 11 11.5 11.25 8.25 835.25 120.00 1350.00 0.00 1350.00 0.30 1100.00 NA NA 4296.90 Sand N 1350.00 0.023


2 11.5 12 11.75 8.75 834.75 120.00 1410.00 0.00 1410.00 0.30 1100.00 NA NA 4184.15 Sand N 1410.00 0.023


2 12 12.5 12.25 9.25 834.25 120.00 1470.00 0.00 1470.00 0.30 1100.00 NA NA 4075.21 Sand N 1470.00 0.022


2 12.5 13 12.75 9.75 833.75 120.00 1530.00 0.00 1530.00 0.30 1100.00 NA NA 3970.04 Sand N 1530.00 0.022


2 13 13.5 13.25 10.25 833.25 120.00 1590.00 0.00 1590.00 0.30 1100.00 NA NA 3868.56 Sand N 1590.00 0.021


2 13.5 14 13.75 10.75 832.75 120.00 1650.00 0.00 1650.00 0.30 1100.00 NA NA 3770.68 Sand N 1650.00 0.021


2 14 14.5 14.25 11.25 832.25 120.00 1710.00 0.00 1710.00 0.30 1100.00 NA NA 3676.33 Sand N 1710.00 0.020


2 14.5 15 14.75 11.75 831.75 120.00 1770.00 0.00 1770.00 0.30 1100.00 NA NA 3585.40 Sand N 1770.00 0.020


2 15 15.5 15.25 12.25 831.25 120.00 1830.00 0.00 1830.00 0.30 1100.00 NA NA 3497.80 Sand N 1830.00 0.019


2 15.5 16 15.75 12.75 830.75 120.00 1890.00 0.00 1890.00 0.30 1100.00 NA NA 3413.40 Sand N 1890.00 0.019


2 16 16.5 16.25 13.25 830.25 120.00 1950.00 0.00 1950.00 0.30 1100.00 NA NA 3332.11 Sand N 1950.00 0.018


2 16.5 17 16.75 13.75 829.75 120.00 2010.00 0.00 2010.00 0.30 1100.00 NA NA 3253.81 Sand N 2010.00 0.018


2 17 17.5 17.25 14.25 829.25 120.00 2070.00 0.00 2070.00 0.30 1100.00 NA NA 3178.39 Sand N 2070.00 0.017


2 17.5 18 17.75 14.75 828.75 120.00 2130.00 0.00 2130.00 0.30 1100.00 NA NA 3105.74 Sand N 2130.00 0.017


2 18 18.5 18.25 15.25 828.25 120.00 2190.00 0.00 2190.00 0.30 1100.00 NA NA 3035.75 Sand N 2190.00 0.017


2 18.5 19 18.75 15.75 827.75 120.00 2250.00 0.00 2250.00 0.30 1100.00 NA NA 2968.31 Sand N 2250.00 0.016


2 19 19.5 19.25 16.25 827.25 120.00 2310.00 0.00 2310.00 0.30 1100.00 NA NA 2903.33 Sand N 2310.00 0.016


2 19.5 20 19.75 16.75 826.75 120.00 2370.00 0.00 2370.00 0.30 1100.00 NA NA 2840.68 Sand N 2370.00 0.015


2 20 20.5 20.25 17.25 826.25 120.00 2430.00 0.00 2430.00 0.30 1100.00 NA NA 2780.29 Sand N 2430.00 0.015


2 20.5 21 20.75 17.75 825.75 120.00 2490.00 0.00 2490.00 0.30 1100.00 NA NA 2722.05 Sand N 2490.00 0.015


2 21 21.5 21.25 18.25 825.25 120.00 2550.00 0.00 2550.00 0.30 1100.00 NA NA 2665.86 Sand N 2550.00 0.015


2 21.5 22 21.75 18.75 824.75 120.00 2610.00 0.00 2610.00 0.30 1100.00 NA NA 2611.65 Sand N 2610.00 0.014


2 22 22.5 22.25 19.25 824.25 120.00 2670.00 0.00 2670.00 0.30 1100.00 NA NA 2559.33 Sand N 2670.00 0.014


2 22.5 23 22.75 19.75 823.75 120.00 2730.00 0.00 2730.00 0.30 1100.00 NA NA 2508.81 Sand N 2730.00 0.014


2 23 23.5 23.25 20.25 823.25 120.00 2790.00 0.00 2790.00 0.30 1100.00 NA NA 2460.01 Sand N 2790.00 0.013


2 23.5 24 23.75 20.75 822.75 120.00 2850.00 0.00 2850.00 0.30 1100.00 NA NA 2412.87 Sand N 2850.00 0.013


2 24 24.5 24.25 21.25 822.25 120.00 2910.00 0.00 2910.00 0.30 1100.00 NA NA 2367.31 Sand N 2910.00 0.013


2 24.5 25 24.75 21.75 821.75 120.00 2970.00 0.00 2970.00 0.30 1100.00 NA NA 2323.26 Sand N 2970.00 0.013


2 25 25.5 25.25 22.25 821.25 120.00 3030.00 0.00 3030.00 0.30 1100.00 NA NA 2280.66 Sand N 3030.00 0.012


2 25.5 26 25.75 22.75 820.75 120.00 3090.00 0.00 3090.00 0.30 1100.00 NA NA 2239.44 Sand N 3090.00 0.012


2 26 26.5 26.25 23.25 820.25 120.00 3150.00 0.00 3150.00 0.30 1100.00 NA NA 2199.55 Sand N 3150.00 0.012


2 26.5 27 26.75 23.75 819.75 120.00 3210.00 0.00 3210.00 0.30 1100.00 NA NA 2160.93 Sand N 3210.00 0.012


2 27 27.5 27.25 24.25 819.25 120.00 3270.00 0.00 3270.00 0.30 1100.00 NA NA 2123.53 Sand N 3270.00 0.012


2 27.5 28 27.75 24.75 818.75 120.00 3330.00 0.00 3330.00 0.30 1100.00 NA NA 2087.29 Sand N 3330.00 0.011


2 28 28.5 28.25 25.25 818.25 120.00 3390.00 0.00 3390.00 0.30 1100.00 NA NA 2052.17 Sand N 3390.00 0.011


2 28.5 29 28.75 25.75 817.75 120.00 3450.00 0.00 3450.00 0.30 1100.00 NA NA 2018.12 Sand N 3450.00 0.011


2 29 29.5 29.25 26.25 817.25 120.00 3510.00 0.00 3510.00 0.30 1100.00 NA NA 1985.09 Sand N 3510.00 0.011


2 29.5 30 29.75 26.75 816.75 120.00 3570.00 0.00 3570.00 0.30 1100.00 NA NA 1953.05 Sand N 3570.00 0.011


2 30 30.5 30.25 27.25 816.25 120.00 3630.00 0.00 3630.00 0.30 1100.00 NA NA 1921.95 Sand N 3630.00 0.010


2 30.5 31 30.75 27.75 815.75 120.00 3690.00 0.00 3690.00 0.30 1100.00 NA NA 1891.77 Sand N 3690.00 0.010


2 31 31.5 31.25 28.25 815.25 120.00 3750.00 0.00 3750.00 0.30 1100.00 NA NA 1862.45 Sand N 3750.00 0.010


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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2.805


Slope Stability Analysis


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 378 @ Station 379+00


Static Analysis


Wall Height = 26 ft


Width of the Wall = 14.25 ft


RW 378 


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 440 psf


Phi: 36 °


Offset (ft)
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2.223


Slope Stability Analysis


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 378 @ Station 379+00


Pseudo Static Analysis


kh = 0.147


Wall Height = 26 ft


Width of the Wall = 14.25 ft


RW 378 


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 440 psf


Phi: 36 °


Offset (ft)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 382 - Level ground


Width of the Wall is 13.25 ft


Date: 5/7/2008


Input Parameters (from Input-Output Sheet)


c cohesion 440 psf 21.067314 kPa


φ friction angle 36 degrees 36 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 13.25 feet 4.04 m


L length of foundation 630 feet 192.01 m


Df depth of foundation 4 feet 1.22 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 37.75


Nc 50.59


Nγ 56.31


Shape Factors


Fcs 1.02


Fqs 1.02


Fγs 0.99


Depth Factors


Fcd 1.12


Fqd 1.07


Fγd 1.00


Effects of Water Table


q 480.00 psf 23.0 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 89.3 ksf 4276 kPa


qall 29.8 ksf 1425 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 382


Width of the Foundation is 13.25 ft


Date: 5/7/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 120 0.3 NA NA 1100 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 43 40 120 0.3 NA NA 1100 Sand N NA


Depth Interval 0.5 ft


Footing Length 630 ft


Footing Width 13.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 315 ft


Calculation Point offset Along Width 6.625 ft


Ground Surface Elevation 843 ft MSL


Foundation Pressure 6500 psf


Net Foundation Pressure 6140 psf Total Layer Thickness 43 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.95


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 842.75 120.00 30.00 0.00 30.00 0.30 1100.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 842.25 120.00 90.00 0.00 90.00 0.30 1100.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 841.75 120.00 150.00 0.00 150.00 0.30 1100.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 841.25 120.00 210.00 0.00 210.00 0.30 1100.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 840.75 120.00 270.00 0.00 270.00 0.30 1100.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 840.25 120.00 330.00 0.00 330.00 0.30 1100.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 839.75 120.00 390.00 0.00 390.00 0.30 1100.00 NA NA 6061.15 Sand N 390.00 0.033


2 3.5 4 3.75 0.75 839.25 120.00 450.00 0.00 450.00 0.30 1100.00 NA NA 5903.70 Sand N 450.00 0.032


2 4 4.5 4.25 1.25 838.75 120.00 510.00 0.00 510.00 0.30 1100.00 NA NA 5747.02 Sand N 510.00 0.031


2 4.5 5 4.75 1.75 838.25 120.00 570.00 0.00 570.00 0.30 1100.00 NA NA 5591.59 Sand N 570.00 0.030


2 5 5.5 5.25 2.25 837.75 120.00 630.00 0.00 630.00 0.30 1100.00 NA NA 5437.89 Sand N 630.00 0.030


2 5.5 6 5.75 2.75 837.25 120.00 690.00 0.00 690.00 0.30 1100.00 NA NA 5286.35 Sand N 690.00 0.029


2 6 6.5 6.25 3.25 836.75 120.00 750.00 0.00 750.00 0.30 1100.00 NA NA 5137.37 Sand N 750.00 0.028


2 6.5 7 6.75 3.75 836.25 120.00 810.00 0.00 810.00 0.30 1100.00 NA NA 4991.31 Sand N 810.00 0.027


2 7 7.5 7.25 4.25 835.75 120.00 870.00 0.00 870.00 0.30 1100.00 NA NA 4848.47 Sand N 870.00 0.026


2 7.5 8 7.75 4.75 835.25 120.00 930.00 0.00 930.00 0.30 1100.00 NA NA 4709.12 Sand N 930.00 0.026


2 8 8.5 8.25 5.25 834.75 120.00 990.00 0.00 990.00 0.30 1100.00 NA NA 4573.47 Sand N 990.00 0.025


2 8.5 9 8.75 5.75 834.25 120.00 1050.00 0.00 1050.00 0.30 1100.00 NA NA 4441.70 Sand N 1050.00 0.024


2 9 9.5 9.25 6.25 833.75 120.00 1110.00 0.00 1110.00 0.30 1100.00 NA NA 4313.92 Sand N 1110.00 0.024


2 9.5 10 9.75 6.75 833.25 120.00 1170.00 0.00 1170.00 0.30 1100.00 NA NA 4190.21 Sand N 1170.00 0.023


2 10 10.5 10.25 7.25 832.75 120.00 1230.00 0.00 1230.00 0.30 1100.00 NA NA 4070.62 Sand N 1230.00 0.022


2 10.5 11 10.75 7.75 832.25 120.00 1290.00 0.00 1290.00 0.30 1100.00 NA NA 3955.16 Sand N 1290.00 0.022


2 11 11.5 11.25 8.25 831.75 120.00 1350.00 0.00 1350.00 0.30 1100.00 NA NA 3843.82 Sand N 1350.00 0.021


2 11.5 12 11.75 8.75 831.25 120.00 1410.00 0.00 1410.00 0.30 1100.00 NA NA 3736.53 Sand N 1410.00 0.020


2 12 12.5 12.25 9.25 830.75 120.00 1470.00 0.00 1470.00 0.30 1100.00 NA NA 3633.25 Sand N 1470.00 0.020


2 12.5 13 12.75 9.75 830.25 120.00 1530.00 0.00 1530.00 0.30 1100.00 NA NA 3533.88 Sand N 1530.00 0.019


2 13 13.5 13.25 10.25 829.75 120.00 1590.00 0.00 1590.00 0.30 1100.00 NA NA 3438.32 Sand N 1590.00 0.019


2 13.5 14 13.75 10.75 829.25 120.00 1650.00 0.00 1650.00 0.30 1100.00 NA NA 3346.48 Sand N 1650.00 0.018


2 14 14.5 14.25 11.25 828.75 120.00 1710.00 0.00 1710.00 0.30 1100.00 NA NA 3258.23 Sand N 1710.00 0.018


2 14.5 15 14.75 11.75 828.25 120.00 1770.00 0.00 1770.00 0.30 1100.00 NA NA 3173.46 Sand N 1770.00 0.017


2 15 15.5 15.25 12.25 827.75 120.00 1830.00 0.00 1830.00 0.30 1100.00 NA NA 3092.02 Sand N 1830.00 0.017


2 15.5 16 15.75 12.75 827.25 120.00 1890.00 0.00 1890.00 0.30 1100.00 NA NA 3013.81 Sand N 1890.00 0.016


2 16 16.5 16.25 13.25 826.75 120.00 1950.00 0.00 1950.00 0.30 1100.00 NA NA 2938.68 Sand N 1950.00 0.016


2 16.5 17 16.75 13.75 826.25 120.00 2010.00 0.00 2010.00 0.30 1100.00 NA NA 2866.52 Sand N 2010.00 0.016


2 17 17.5 17.25 14.25 825.75 120.00 2070.00 0.00 2070.00 0.30 1100.00 NA NA 2797.20 Sand N 2070.00 0.015


2 17.5 18 17.75 14.75 825.25 120.00 2130.00 0.00 2130.00 0.30 1100.00 NA NA 2730.58 Sand N 2130.00 0.015


2 18 18.5 18.25 15.25 824.75 120.00 2190.00 0.00 2190.00 0.30 1100.00 NA NA 2666.56 Sand N 2190.00 0.015


2 18.5 19 18.75 15.75 824.25 120.00 2250.00 0.00 2250.00 0.30 1100.00 NA NA 2605.02 Sand N 2250.00 0.014


2 19 19.5 19.25 16.25 823.75 120.00 2310.00 0.00 2310.00 0.30 1100.00 NA NA 2545.85 Sand N 2310.00 0.014


2 19.5 20 19.75 16.75 823.25 120.00 2370.00 0.00 2370.00 0.30 1100.00 NA NA 2488.93 Sand N 2370.00 0.014


2 20 20.5 20.25 17.25 822.75 120.00 2430.00 0.00 2430.00 0.30 1100.00 NA NA 2434.16 Sand N 2430.00 0.013


2 20.5 21 20.75 17.75 822.25 120.00 2490.00 0.00 2490.00 0.30 1100.00 NA NA 2381.45 Sand N 2490.00 0.013


2 21 21.5 21.25 18.25 821.75 120.00 2550.00 0.00 2550.00 0.30 1100.00 NA NA 2330.69 Sand N 2550.00 0.013


2 21.5 22 21.75 18.75 821.25 120.00 2610.00 0.00 2610.00 0.30 1100.00 NA NA 2281.80 Sand N 2610.00 0.012


2 22 22.5 22.25 19.25 820.75 120.00 2670.00 0.00 2670.00 0.30 1100.00 NA NA 2234.69 Sand N 2670.00 0.012


2 22.5 23 22.75 19.75 820.25 120.00 2730.00 0.00 2730.00 0.30 1100.00 NA NA 2189.28 Sand N 2730.00 0.012


2 23 23.5 23.25 20.25 819.75 120.00 2790.00 0.00 2790.00 0.30 1100.00 NA NA 2145.49 Sand N 2790.00 0.012


2 23.5 24 23.75 20.75 819.25 120.00 2850.00 0.00 2850.00 0.30 1100.00 NA NA 2103.24 Sand N 2850.00 0.011


2 24 24.5 24.25 21.25 818.75 120.00 2910.00 0.00 2910.00 0.30 1100.00 NA NA 2062.46 Sand N 2910.00 0.011


2 24.5 25 24.75 21.75 818.25 120.00 2970.00 0.00 2970.00 0.30 1100.00 NA NA 2023.09 Sand N 2970.00 0.011


2 25 25.5 25.25 22.25 817.75 120.00 3030.00 0.00 3030.00 0.30 1100.00 NA NA 1985.06 Sand N 3030.00 0.011


2 25.5 26 25.75 22.75 817.25 120.00 3090.00 0.00 3090.00 0.30 1100.00 NA NA 1948.32 Sand N 3090.00 0.011


2 26 26.5 26.25 23.25 816.75 120.00 3150.00 0.00 3150.00 0.30 1100.00 NA NA 1912.79 Sand N 3150.00 0.010


2 26.5 27 26.75 23.75 816.25 120.00 3210.00 0.00 3210.00 0.30 1100.00 NA NA 1878.44 Sand N 3210.00 0.010


2 27 27.5 27.25 24.25 815.75 120.00 3270.00 0.00 3270.00 0.30 1100.00 NA NA 1845.20 Sand N 3270.00 0.010


2 27.5 28 27.75 24.75 815.25 120.00 3330.00 0.00 3330.00 0.30 1100.00 NA NA 1813.03 Sand N 3330.00 0.010


2 28 28.5 28.25 25.25 814.75 120.00 3390.00 0.00 3390.00 0.30 1100.00 NA NA 1781.89 Sand N 3390.00 0.010


2 28.5 29 28.75 25.75 814.25 120.00 3450.00 0.00 3450.00 0.30 1100.00 NA NA 1751.72 Sand N 3450.00 0.010


2 29 29.5 29.25 26.25 813.75 120.00 3510.00 0.00 3510.00 0.30 1100.00 NA NA 1722.48 Sand N 3510.00 0.009


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\PGDR\RW 382\Calculations\Settlement\Settlement Calculation of Shallow Footings - RW 382 (width 13.25 ft) (Elastic Modulus and 1D Consolid) 1 of 1







2.671


Slope Stability Analysis
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 382 @ Station 382+50
Static Analysis


Wall Height = 23 ft
Width of the Wall = 13.25 ft


Surcharge Load = 240 psf


Name: Imported Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


 RW 382 


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 440 psf


Phi: 36 °


Offset (ft)
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2.137


Slope Stability Analysis
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 382 @ Station 382+50
Pseudo Static Analysis
kh = 0.147


Wall Height = 23 ft
Width of the Wall = 13.25 ft


Surcharge Load = 240 psf


Name: Imported Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


 RW 382 


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 440 psf


Phi: 36 °


Offset (ft)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 389 - Sloping Ground


Width of the Wall is 22 ft


Date: 4/15/2008


Input Parameters (from Input-Output Sheet)


c cohesion 250 psf 11.970065 kPa


φ friction angle 33 degrees 33 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 22 feet 6.71 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.245 radians 0.245 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 26.09


Nc 38.64


Nγ 35.19


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 0.99


Depth Factors


Fcd 1.05


Fqd 1.04


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 0.55


Fqg 0.56


Fγg 0.56


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 37.1 ksf 1776 kPa


qall 12.4 ksf 592 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 389


Width of the Foundation is 22 ft


Date: 4/15/2008 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 120 0.3 NA NA 1000 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 68.6 65.6 120 0.3 NA NA 1000 Sand N NA


Depth Interval 0.5 ft


Footing Length 1000 ft


Footing Width 22 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 11 ft


Ground Surface Elevation 869.1 ft MSL


Foundation Pressure 9000 psf


Net Foundation Pressure 8640 psf Total Layer Thickness 68.6 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 2.44


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 868.85 120.00 30.00 0.00 30.00 0.30 1000.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 868.35 120.00 90.00 0.00 90.00 0.30 1000.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 867.85 120.00 150.00 0.00 150.00 0.30 1000.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 867.35 120.00 210.00 0.00 210.00 0.30 1000.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 866.85 120.00 270.00 0.00 270.00 0.30 1000.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 866.35 120.00 330.00 0.00 330.00 0.30 1000.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 865.85 120.00 390.00 0.00 390.00 0.30 1000.00 NA NA 8573.17 Sand N 390.00 0.051


2 3.5 4 3.75 0.75 865.35 120.00 450.00 0.00 450.00 0.30 1000.00 NA NA 8439.58 Sand N 450.00 0.051


2 4 4.5 4.25 1.25 864.85 120.00 510.00 0.00 510.00 0.30 1000.00 NA NA 8306.23 Sand N 510.00 0.050


2 4.5 5 4.75 1.75 864.35 120.00 570.00 0.00 570.00 0.30 1000.00 NA NA 8173.27 Sand N 570.00 0.049


2 5 5.5 5.25 2.25 863.85 120.00 630.00 0.00 630.00 0.30 1000.00 NA NA 8040.85 Sand N 630.00 0.048


2 5.5 6 5.75 2.75 863.35 120.00 690.00 0.00 690.00 0.30 1000.00 NA NA 7909.13 Sand N 690.00 0.047


2 6 6.5 6.25 3.25 862.85 120.00 750.00 0.00 750.00 0.30 1000.00 NA NA 7778.24 Sand N 750.00 0.047


2 6.5 7 6.75 3.75 862.35 120.00 810.00 0.00 810.00 0.30 1000.00 NA NA 7648.33 Sand N 810.00 0.046


2 7 7.5 7.25 4.25 861.85 120.00 870.00 0.00 870.00 0.30 1000.00 NA NA 7519.53 Sand N 870.00 0.045


2 7.5 8 7.75 4.75 861.35 120.00 930.00 0.00 930.00 0.30 1000.00 NA NA 7391.96 Sand N 930.00 0.044


2 8 8.5 8.25 5.25 860.85 120.00 990.00 0.00 990.00 0.30 1000.00 NA NA 7265.74 Sand N 990.00 0.044


2 8.5 9 8.75 5.75 860.35 120.00 1050.00 0.00 1050.00 0.30 1000.00 NA NA 7140.98 Sand N 1050.00 0.043


2 9 9.5 9.25 6.25 859.85 120.00 1110.00 0.00 1110.00 0.30 1000.00 NA NA 7017.79 Sand N 1110.00 0.042


2 9.5 10 9.75 6.75 859.35 120.00 1170.00 0.00 1170.00 0.30 1000.00 NA NA 6896.24 Sand N 1170.00 0.041


2 10 10.5 10.25 7.25 858.85 120.00 1230.00 0.00 1230.00 0.30 1000.00 NA NA 6776.43 Sand N 1230.00 0.041


2 10.5 11 10.75 7.75 858.35 120.00 1290.00 0.00 1290.00 0.30 1000.00 NA NA 6658.43 Sand N 1290.00 0.040


2 11 11.5 11.25 8.25 857.85 120.00 1350.00 0.00 1350.00 0.30 1000.00 NA NA 6542.30 Sand N 1350.00 0.039


2 11.5 12 11.75 8.75 857.35 120.00 1410.00 0.00 1410.00 0.30 1000.00 NA NA 6428.11 Sand N 1410.00 0.039


2 12 12.5 12.25 9.25 856.85 120.00 1470.00 0.00 1470.00 0.30 1000.00 NA NA 6315.90 Sand N 1470.00 0.038


2 12.5 13 12.75 9.75 856.35 120.00 1530.00 0.00 1530.00 0.30 1000.00 NA NA 6205.70 Sand N 1530.00 0.037


2 13 13.5 13.25 10.25 855.85 120.00 1590.00 0.00 1590.00 0.30 1000.00 NA NA 6097.56 Sand N 1590.00 0.037


2 13.5 14 13.75 10.75 855.35 120.00 1650.00 0.00 1650.00 0.30 1000.00 NA NA 5991.49 Sand N 1650.00 0.036


2 14 14.5 14.25 11.25 854.85 120.00 1710.00 0.00 1710.00 0.30 1000.00 NA NA 5887.52 Sand N 1710.00 0.035


2 14.5 15 14.75 11.75 854.35 120.00 1770.00 0.00 1770.00 0.30 1000.00 NA NA 5785.65 Sand N 1770.00 0.035


2 15 15.5 15.25 12.25 853.85 120.00 1830.00 0.00 1830.00 0.30 1000.00 NA NA 5685.88 Sand N 1830.00 0.034


2 15.5 16 15.75 12.75 853.35 120.00 1890.00 0.00 1890.00 0.30 1000.00 NA NA 5588.23 Sand N 1890.00 0.034


2 16 16.5 16.25 13.25 852.85 120.00 1950.00 0.00 1950.00 0.30 1000.00 NA NA 5492.67 Sand N 1950.00 0.033


2 16.5 17 16.75 13.75 852.35 120.00 2010.00 0.00 2010.00 0.30 1000.00 NA NA 5399.21 Sand N 2010.00 0.032


2 17 17.5 17.25 14.25 851.85 120.00 2070.00 0.00 2070.00 0.30 1000.00 NA NA 5307.82 Sand N 2070.00 0.032


2 17.5 18 17.75 14.75 851.35 120.00 2130.00 0.00 2130.00 0.30 1000.00 NA NA 5218.48 Sand N 2130.00 0.031


2 18 18.5 18.25 15.25 850.85 120.00 2190.00 0.00 2190.00 0.30 1000.00 NA NA 5131.17 Sand N 2190.00 0.031


2 18.5 19 18.75 15.75 850.35 120.00 2250.00 0.00 2250.00 0.30 1000.00 NA NA 5045.87 Sand N 2250.00 0.030


2 19 19.5 19.25 16.25 849.85 120.00 2310.00 0.00 2310.00 0.30 1000.00 NA NA 4962.55 Sand N 2310.00 0.030


2 19.5 20 19.75 16.75 849.35 120.00 2370.00 0.00 2370.00 0.30 1000.00 NA NA 4881.17 Sand N 2370.00 0.029


2 20 20.5 20.25 17.25 848.85 120.00 2430.00 0.00 2430.00 0.30 1000.00 NA NA 4801.70 Sand N 2430.00 0.029


2 20.5 21 20.75 17.75 848.35 120.00 2490.00 0.00 2490.00 0.30 1000.00 NA NA 4724.11 Sand N 2490.00 0.028


2 21 21.5 21.25 18.25 847.85 120.00 2550.00 0.00 2550.00 0.30 1000.00 NA NA 4648.36 Sand N 2550.00 0.028


2 21.5 22 21.75 18.75 847.35 120.00 2610.00 0.00 2610.00 0.30 1000.00 NA NA 4574.42 Sand N 2610.00 0.027


2 22 22.5 22.25 19.25 846.85 120.00 2670.00 0.00 2670.00 0.30 1000.00 NA NA 4502.24 Sand N 2670.00 0.027


2 22.5 23 22.75 19.75 846.35 120.00 2730.00 0.00 2730.00 0.30 1000.00 NA NA 4431.79 Sand N 2730.00 0.027


2 23 23.5 23.25 20.25 845.85 120.00 2790.00 0.00 2790.00 0.30 1000.00 NA NA 4363.03 Sand N 2790.00 0.026


2 23.5 24 23.75 20.75 845.35 120.00 2850.00 0.00 2850.00 0.30 1000.00 NA NA 4295.92 Sand N 2850.00 0.026


2 24 24.5 24.25 21.25 844.85 120.00 2910.00 0.00 2910.00 0.30 1000.00 NA NA 4230.41 Sand N 2910.00 0.025


2 24.5 25 24.75 21.75 844.35 120.00 2970.00 0.00 2970.00 0.30 1000.00 NA NA 4166.48 Sand N 2970.00 0.025


2 25 25.5 25.25 22.25 843.85 120.00 3030.00 0.00 3030.00 0.30 1000.00 NA NA 4104.08 Sand N 3030.00 0.025


2 25.5 26 25.75 22.75 843.35 120.00 3090.00 0.00 3090.00 0.30 1000.00 NA NA 4043.18 Sand N 3090.00 0.024


2 26 26.5 26.25 23.25 842.85 120.00 3150.00 0.00 3150.00 0.30 1000.00 NA NA 3983.72 Sand N 3150.00 0.024


2 26.5 27 26.75 23.75 842.35 120.00 3210.00 0.00 3210.00 0.30 1000.00 NA NA 3925.69 Sand N 3210.00 0.024


2 27 27.5 27.25 24.25 841.85 120.00 3270.00 0.00 3270.00 0.30 1000.00 NA NA 3869.03 Sand N 3270.00 0.023


2 27.5 28 27.75 24.75 841.35 120.00 3330.00 0.00 3330.00 0.30 1000.00 NA NA 3813.71 Sand N 3330.00 0.023


2 28 28.5 28.25 25.25 840.85 120.00 3390.00 0.00 3390.00 0.30 1000.00 NA NA 3759.70 Sand N 3390.00 0.023


2 28.5 29 28.75 25.75 840.35 120.00 3450.00 0.00 3450.00 0.30 1000.00 NA NA 3706.96 Sand N 3450.00 0.022


2 29 29.5 29.25 26.25 839.85 120.00 3510.00 0.00 3510.00 0.30 1000.00 NA NA 3655.45 Sand N 3510.00 0.022


2 29.5 30 29.75 26.75 839.35 120.00 3570.00 0.00 3570.00 0.30 1000.00 NA NA 3605.14 Sand N 3570.00 0.022


2 30 30.5 30.25 27.25 838.85 120.00 3630.00 0.00 3630.00 0.30 1000.00 NA NA 3556.00 Sand N 3630.00 0.021


2 30.5 31 30.75 27.75 838.35 120.00 3690.00 0.00 3690.00 0.30 1000.00 NA NA 3507.99 Sand N 3690.00 0.021


2 31 31.5 31.25 28.25 837.85 120.00 3750.00 0.00 3750.00 0.30 1000.00 NA NA 3461.09 Sand N 3750.00 0.021


2 31.5 32 31.75 28.75 837.35 120.00 3810.00 0.00 3810.00 0.30 1000.00 NA NA 3415.25 Sand N 3810.00 0.020


2 32 32.5 32.25 29.25 836.85 120.00 3870.00 0.00 3870.00 0.30 1000.00 NA NA 3370.46 Sand N 3870.00 0.020


2 32.5 33 32.75 29.75 836.35 120.00 3930.00 0.00 3930.00 0.30 1000.00 NA NA 3326.68 Sand N 3930.00 0.020


2 33 33.5 33.25 30.25 835.85 120.00 3990.00 0.00 3990.00 0.30 1000.00 NA NA 3283.89 Sand N 3990.00 0.020


2 33.5 34 33.75 30.75 835.35 120.00 4050.00 0.00 4050.00 0.30 1000.00 NA NA 3242.05 Sand N 4050.00 0.019


2 34 34.5 34.25 31.25 834.85 120.00 4110.00 0.00 4110.00 0.30 1000.00 NA NA 3201.13 Sand N 4110.00 0.019


2 34.5 35 34.75 31.75 834.35 120.00 4170.00 0.00 4170.00 0.30 1000.00 NA NA 3161.12 Sand N 4170.00 0.019


2 35 35.5 35.25 32.25 833.85 120.00 4230.00 0.00 4230.00 0.30 1000.00 NA NA 3121.99 Sand N 4230.00 0.019


2 35.5 36 35.75 32.75 833.35 120.00 4290.00 0.00 4290.00 0.30 1000.00 NA NA 3083.71 Sand N 4290.00 0.019


2 36 36.5 36.25 33.25 832.85 120.00 4350.00 0.00 4350.00 0.30 1000.00 NA NA 3046.26 Sand N 4350.00 0.018


2 36.5 37 36.75 33.75 832.35 120.00 4410.00 0.00 4410.00 0.30 1000.00 NA NA 3009.61 Sand N 4410.00 0.018


2 37 37.5 37.25 34.25 831.85 120.00 4470.00 0.00 4470.00 0.30 1000.00 NA NA 2973.74 Sand N 4470.00 0.018


2 37.5 38 37.75 34.75 831.35 120.00 4530.00 0.00 4530.00 0.30 1000.00 NA NA 2938.64 Sand N 4530.00 0.018


2 38 38.5 38.25 35.25 830.85 120.00 4590.00 0.00 4590.00 0.30 1000.00 NA NA 2904.27 Sand N 4590.00 0.017


2 38.5 39 38.75 35.75 830.35 120.00 4650.00 0.00 4650.00 0.30 1000.00 NA NA 2870.63 Sand N 4650.00 0.017


2 39 39.5 39.25 36.25 829.85 120.00 4710.00 0.00 4710.00 0.30 1000.00 NA NA 2837.68 Sand N 4710.00 0.017


2 39.5 40 39.75 36.75 829.35 120.00 4770.00 0.00 4770.00 0.30 1000.00 NA NA 2805.41 Sand N 4770.00 0.017


2 40 40.5 40.25 37.25 828.85 120.00 4830.00 0.00 4830.00 0.30 1000.00 NA NA 2773.81 Sand N 4830.00 0.017


2 40.5 41 40.75 37.75 828.35 120.00 4890.00 0.00 4890.00 0.30 1000.00 NA NA 2742.84 Sand N 4890.00 0.016


2 41 41.5 41.25 38.25 827.85 120.00 4950.00 0.00 4950.00 0.30 1000.00 NA NA 2712.50 Sand N 4950.00 0.016


2 41.5 42 41.75 38.75 827.35 120.00 5010.00 0.00 5010.00 0.30 1000.00 NA NA 2682.77 Sand N 5010.00 0.016


2 42 42.5 42.25 39.25 826.85 120.00 5070.00 0.00 5070.00 0.30 1000.00 NA NA 2653.63 Sand N 5070.00 0.016


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)
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Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


Soil Type


2 42.5 43 42.75 39.75 826.35 120.00 5130.00 0.00 5130.00 0.30 1000.00 NA NA 2625.07 Sand N 5130.00 0.016


2 43 43.5 43.25 40.25 825.85 120.00 5190.00 0.00 5190.00 0.30 1000.00 NA NA 2597.07 Sand N 5190.00 0.016


2 43.5 44 43.75 40.75 825.35 120.00 5250.00 0.00 5250.00 0.30 1000.00 NA NA 2569.61 Sand N 5250.00 0.015


2 44 44.5 44.25 41.25 824.85 120.00 5310.00 0.00 5310.00 0.30 1000.00 NA NA 2542.68 Sand N 5310.00 0.015


2 44.5 45 44.75 41.75 824.35 120.00 5370.00 0.00 5370.00 0.30 1000.00 NA NA 2516.28 Sand N 5370.00 0.015


2 45 45.5 45.25 42.25 823.85 120.00 5430.00 0.00 5430.00 0.30 1000.00 NA NA 2490.37 Sand N 5430.00 0.015


2 45.5 46 45.75 42.75 823.35 120.00 5490.00 0.00 5490.00 0.30 1000.00 NA NA 2464.95 Sand N 5490.00 0.015


2 46 46.5 46.25 43.25 822.85 120.00 5550.00 0.00 5550.00 0.30 1000.00 NA NA 2440.02 Sand N 5550.00 0.015


2 46.5 47 46.75 43.75 822.35 120.00 5610.00 0.00 5610.00 0.30 1000.00 NA NA 2415.54 Sand N 5610.00 0.014


Estimated Settlement 2.44
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2.060


* RW 389 


Name: Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 250 psf


Phi: 33 °


* Note: RW 389 is only showing the locaiton of the wall not the actual dimension. Actual dimention may vary


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 389 @ Station 397+00


Static Analysis


Surcharge Load = 240 psf


Wall Height = 34 ft


Width of the Wall = 22 ft


Distance (feet)
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1.649


* RW 389 


Name: Fill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 250 psf


Phi: 33 °


* Note: RW 389 is only showing the locaiton of the wall not the actual dimension. Actual dimention may vary


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 389 @ Station 397+00


Pseudo Static Analysis


kh=0.147


Surcharge Load = 240 psf


Wall Height = 34 ft


Width of the Wall = 22 ft


Distance (feet)
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TO: Gina Pursell


FROM: Andrew Lee, G.E./S. Pirathiviraj, P.E.


DATE: September 10, 2008


SUBJECT: Responses to comments on Draft Geotechnical Design Report
State Route 91 Soundwalls and Retaining Walls Project
08-RIV-91-PM-15.6/21.6


URS Job No. 30989802


This memorandum is prepared for the purpose of responding to the Caltrans Reviewers comments on Designer’s 
Response on the Draft Geotechnical Design Report dated June 13, 2008 for State Route 91 Soundwalls and 
Retaining Walls project.  A copy of the comments by Caltrans is attached.


We incorporate all the reviewers’ comments in our final submittal. 


- o0o -


Memorandum


2020 E. First Street, Suite 400
Santa Ana, CA  92705


Tel - (714) 835-6886
Fax - (714) 667-7147         
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May 7, 2009 


California Department of Transportation (Caltrans) 


Office of Geotechnical Design South 2-Branch C 


5800 Folsom Boulevard 


Sacramento, CA 95819 


 


Attention: Ms. Gina Pursell, P.E. 


Task Order Manager  


Subject: Addendum Geotechnical Design Report 


State Route 91 Soundwalls and Retaining Walls Project (EA 08-448400, TO 59002) 


08-RIV-91-PM-15.6/21.6  


 From Adam Street to University Avenue 


Riverside, California 


URS Project No. 30989802 


 


Dear Ms. Pursell: 


URS Corporation (URS) is pleased to present this Addendum Geotechnical Design Report summarizing 


the results of our geotechnical investigation for the eight (8) additional new retaining walls. This 


addendum report is necessary as these retaining walls were added to the scope of work after the approval 


of our Final Geotechnical Design Report dated December 30, 2008.  


This report presents pertinent findings of our previous subsurface explorations and laboratory testing, our 


interpretation of the geotechnical conditions encountered, and our geotechnical conclusions and 


recommendations pertaining to the design and construction of these additional new retaining walls. We 


prepared this addendum report exclusively for Caltrans and their consultants for use in project planning 


and design. If you have any questions regarding this report, please contact us at 714-835-6886. 


Sincerely, 


 


URS CORPORATION 


Sivasubramaniam Pirathiviraj, P.E.   05/07/2009 


RCE 71662 Exp. 12/31/09 


Project Engineer 


 


Andrew Lee, P.E., G.E.                     05/07/2009 


RGE 2616 Exp. 6/30/10 


Geotechnical Task Leader 


Farid Motamed, P.E., G.E.           05/07/2009 


RGE 2738 Exp. 6/30/09 


Project Manager 
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SECTION 1 INTRODUCTION 


1.1 GENERAL 


This Addendum Geotechnical Design Report presents only the results of our geotechnical investigation 


for the proposed eight (8) new additional retaining walls. These additional retaining walls were not part of 


our approved Final Geotechnical Design Report (GDR) dated December 30, 2008.  


The purpose of this addendum report is to document subsurface geotechnical conditions, provide analyses 


of anticipated site conditions, and provide recommendation for design of the additional retaining walls. 


Specifically, this investigation evaluates the nature and engineering properties of soils encountered along 


the proposed wall alignments and provides geotechnical recommendations to aid project design and 


preparation of project plans and specifications. Geotechnical information pertaining to other than these 


eight additional retaining walls should be referred to the final GDR (URS, 2008). 


 


This report is prepared for Caltrans, their project consultants, construction personnel, bidders and 


contractors to be used in the design and construction of the proposed project as described herein. It is 


intended for this specific project only and may not contain sufficient information for other uses or for the 


purposes of other parties. 


 


1.2 PROJECT DESCRIPTION 


The State Route 91 Soundwalls and Retaining Walls project is designed to accommodate the addition of a 


high occupancy vehicle (HOV) lane from University Avenue to Jefferson Street in the eastbound 


direction and from University Avenue to Madison Street in the westbound direction. The project site 


location is shown on Figure 1, Site Vicinity Map. The subject eight (8) retaining walls are added to the 


original scope of: two (2) combined soundwalls and retaining walls and forty five (45) retaining walls. 


The locations and the geometric layout of these additional walls are presented in Figures 2a through 2f. 


The physical elements and proposed wall type for these retaining walls are summarized in Table 1. It 


should be noted that the information shown in these tables are measured from preliminary plans and cross 


sections, which should be considered approximate and should not be used for construction. 
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Table 1 Summary of Proposed Soundwalls and Retaining Walls on SR-91 


 


Wall No. Location (Referencing SR-91 Centerline)  
Length 


(feet) 


RW 


Height 


(feet) 


Wall Type Figures 


RW 335 


Station 337+28 LT 600 to Station 341+57 LT 


77 (“2MT1 Line” Station 70+50 LT 18 to 


Station 77+32 LT 18) 


682 4-14 
Special 


Design Wall 
2b 


RW 339 


Station 338+77 LT 280 to Station 340+52 LT 


75 (“2MT1 Line” Station 74+00 51RT to 


Station 76+71 51RT) 


271 4-24 
Special 


Design Wall 
2b 


RW 379 


Station 377+30 LT 165 to Station 379+85 LT 


130 (“14WBOFF1 Line” Station 377+65 14LT 


to Station 380+11 8LT) 


246 4-12 Type 1 2d 


RW 385 


Station 384+98 109 LT to Station 385+67 292 


LT (Wall LOL Station 384+98 to Station 


386+93) 


195 4-16 Type 1 2e 


W
es
tb
ou
nd
 


RW 387 


Station 385+60 108LT to Station 390+10 


215LT (“10STWBON1 Line” Station 385+50 


29LT to Station 390+30 48LT 


480 4-10 Type 1 2e 


RW 190 
Station 190+50 RT 105 to Station 195+75 RT 


130 
525 4-8 Type 1 2a 


RW 342 


Station 342+31 RT 80 to Station 345+50 RT 


280 (2MT2 Line” Station 79+25 RT 17 to 


Station 82+87 RT 17) 


362 4-32 
Special 


Design Wall 
2c 


E
as
tb
ou
nd
 


RW 


344A 


Station 343+60 RT 80 to Station 345+50 RT 


190 (“2MT2 Line” Station 80+04 LT 62 to 


Station 82+30 LT 62) 


226 4-32 
Special 


Design Wall 
2c 


 


1.3 FIELD INVESTIGATION AND LABORATORY TESTING 


Our previous field exploration program for Final GDR (URS, 2008) consisted of 91 borings (A-07-101 to 


A-07-191). Laboratory testing was performed on selected samples from the borings. More information 


about the previous field investigation and the laboratory testing program are provided in our Final GDR 


(URS, 2008). 


Only the borings in proximity of these new additional walls are considered for this addendum report. The 


selected borings of the new additional walls are provided under each subsection of walls in Section 3.1 


and in Appendix A. The corresponding laboratory test results are provided in Appendix B.  


 







SECTIONTWO Geotechnical Conditions 


  2-1 


SECTION 2 GEOTECHNICAL CONDITIONS 


2.1 SITE GEOLOGY 


No additional borings are performed for these additional new walls. Information from nearby borings 


from previous field investigations and as-built plans of adjacent bridges were used for analyses. Based on 


the findings from previous subsurface investigations, thickness of freeway embankment fills range from 


nil to approximately 29 feet along the project alignment. The fill consists predominantly of medium dense 


to very dense clayey sand and silty sand and also soft to very stiff sandy lean clay. 


The alluvial soils beneath the project area to the maximum depth previously explored (80.8 feet below 


ground surface) are predominantly medium dense to dense clayey sand and stiff to very stiff sandy lean 


clay, with occasional sand, sand with silt, and silty sand. 


A description of site-specific subsurface conditions at each wall is provided in Section 3.1. 


2.2  GROUNDWATER 


Groundwater was not encountered in any of our previous borings to the maximum depth explored 


(80.8 feet). Based on water well data from 1993 through 2007 the depth to groundwater in the site vicinity 


ranges from approximately 80 feet to 145 feet below the surface of the freeway (Western Municipal 


Water District, 2007). However, based on verbal communication with a representative of the Western 


Municipal Water District (2008), historic high groundwater levels (prior to 1993) in portions of the 


project area have periodically been less than 10 feet below ground surface (bgs). It is believed that 


groundwater pumping is responsible for the lowering of the groundwater elevations and due to increasing 


demand for water resources in the area, groundwater elevations are not likely to return to these historic 


high levels.  For the purposes of our geotechnical analyses, we therefore assume that the groundwater 


level may be as high as 80 feet below ground surface. 


2.3 STRONG GROUND MOTIONS 


Local and more distant active faults will generate strong ground shaking at the site. As shown on the 


Caltrans Seismic Hazard Map (Mualchin, 1996) presented as Figure 4, the most significant regional fault 


that could generate the strongest seismic shaking at the project site is the San Jacinto (SJO) fault (Fault 


type: strike-slip fault), which at its closest distance, is located about 11.3 kilometers northeast of the site. 


Although some of the walls may be closer to the Rialto-Colton-Claremont (RCC) fault (Fault type: 


Unknown), it does not become the controlling fault because of its lower magnitude. The distances to 


SJO, average N-values in upper 100 feet of soil, soil profile type, peak bedrock acceleration (PBA), 


and peak ground acceleration (PGA) are presented in Table 2. 
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Table 2 Summary of Seismic Design Criteria for SR-91 Walls  


Peak Bedrock 


Acceleration (g) 


 


Wall No. 


Estimated 


Closest 


Distance to 


Controlling 


Fault (km)  


Maximum 


Credible 


Earthquake 


Magnitude1 


Average 


N-value in 


upper 100 


feet 


Soil 


Profile 


Type2 
Sadigh3 CSHM1 


Peak Ground 


Acceleration4 


(g) 


ARS 


Curve 


RW 335 13.0 7.5 35 D 0.4 0.4 0.44 Figure 5A 


RW 339 13.0 7.5 35 D 0.4 0.4 0.44 Figure 5A 


RW 379 11.8 7.5 29 D 0.4 0.4 0.44 Figure 5A 


RW 385 11.3 7.5 42 D 0.4 0.4 0.44 Figure 5A W
es
tb
ou
nd
 


RW 387 11.3 7.5 42 D 0.4 0.4 0.44 Figure 5A 


RW 190 17.0 7.5 22 D 0.3 0.4 0.44 Figure 5B 


RW 342 13.0 7.5 17 D 0.4 0.4 0.44 Figure 5A 


E
as
tb
ou
nd
 


RW 344A 13.0 7.5 17 D 0.4 0.4 0.44 Figure 5A 


1. Obtained from California Seismic Hazard Map (Mualchin, 1996). 


2. Obtained from Caltrans Seismic Design Criteria (Version 1.4, June 2006). 


3. Obtained from Sadigh et al. (1997); PBA values rounded to the nearest 0.1 g. 


4. Obtained from ARS Curve. 


 


To develop the Acceleration Response Spectra (ARS), Applied Technology Council (ATC)-32 (1996) 


and Caltrans SDC 1.4 (June 2006) were used with Soil Profile Type considered for the upper 100 feet of 


soils at each wall site. If the wall is located within 10 miles (15 kilometers) of the controlling fault, the 


spectral acceleration is modified to account for near fault effects as per Caltrans SDC 1.3. The 


magnification is 20% for periods equal to and greater than 1.0 second; no change for periods less than 0.5 


seconds; and linear interpolation for spectral accelerations between 0.5 and 1.0 second. Although there is 


only one potentially controlling MCE event, two different ARS curves were developed for these 


additional walls, where their applicability will depend on locations of the walls and soil profile type and 


are listed in Table 2. The recommended ARS curves are presented on Figures 5A and 5B.  
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SECTION 3 CONCLUSIONS AND RECOMMENDATIONS 


3.1 EARTH RETAINING STRUCTURES 


This section contains conclusion and recommendations for the eight (8) additional retaining walls. These 


walls are located along both eastbound and westbound mainline SR-91, as well as along some of the on- and 


off- ramps. Each retaining wall will be discussed separately in the following subsections of this report.  


3.1.1 Retaining Wall 190 


The foundations of the proposed retaining wall are anticipated to be founded into the alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


Caltrans standard Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


3.1.1.1 Project Description and Site Location 


The project site is located immediately west of Madison Street Undercrossing (Bridge No. 56-0384) along 


a segment of eastbound SR-91, where the existing freeway surface was constructed on embankments up 


to 20 feet above the surrounding street grade. The retaining wall alignment is planned from Station 


190+50 to Station 195+75 along south side of the eastbound SR-91 off-ramp to Madison Street. The 


off-ramp surface elevation ranges from approximately 850.7 feet and 852.7 feet at the eastern and western 


end of the retaining wall, respectively. The project alignment relative to general topography, streets, and 


landmarks is shown on Figure 1, Site Vicinity Map and Figure 2a, Wall Layout and Exploratory Location 


Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 3.1.1.1 


below. 


Table 3.1.1.1 - Summary of Proposed Retaining Wall RW 190 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 


Footing Elevation   
(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 190 
Station 190+50 RT 105 to Station 


195+75 RT 130 
525 4 - 8 Level 841-843 


A-07-103                             


R-07-104 


 


3.1.1.2 Field Exploration 


Findings from the previous field exploration program consisted of drilling two (2) exploratory borings 


(A-07-103 and R-07-104) from the freeway grade for the adjacent Retaining Wall 194 were used for 
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analyses. Approximate locations of these borings are shown in Figure 2a. The boring logs and the 


laboratory test results are provided in Appendix A and Appendix B, respectively. The boring details are 


provided in the following table. 


Table 3.1.1.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-103 31.5 Realigned SR-91 194+40 53 861.9 


R-07-104 51.5 Realigned SR-91 196+80 53 866.8 


 


3.1.1.3 Geotechnical Analysis and Design 


3.1.1.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations previously explored is mantled by about 18 feet to 24 feet of artificial fill 


consisting of dense to very dense clayey sand and very stiff to hard sandy clay and sandy silt. Underlying 


the fill to maximum depths explored are Holocene and Pleistocene age, unconsolidated alluvial deposits. 


The alluvium consists primarily of stiff to very stiff sandy clay, very loose to loose clayey sand, and 


medium dense poorly graded sand. 


For the purposes of our geotechnical analyses, the groundwater level is considered as high as 80 feet below 


ground surface. 


Engineering parameters for the generalized profile are presented in Table 3.1.1.3.   
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Table 3.1.1.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N- 


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) 


c’ 
(psf) 


φφφφ’ 
(deg) 


Elastic 
Modulus 
(ksf) 


866.8-


843.3 
0-23.5 


Artificial 


Fill 


Dense to very dense 


clayey SAND (SC), very 


stiff to hard sandy CLAY 


(CL-ML/ML) 


25-


100 


(36) 


7.3-11.6 


(8.6) 
125 


50-


150 


(100) 


34 


1,000-


1,600 


(1,300) 


843.3-


815.3 


23.5-


51.5 
Alluvium 


Stiff to very stiff sandy 


CLAY (CL), very loose to 


loose clayey SAND (SC), 


medium dense poorly 


graded SAND 


(SP/SP-SM) 


push-


25 


(14) 


9.9-16.0 


(12.0) 
120 


50-


350 


(190) 


27-32 


(30)  


200-1000 


(500) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value and 
moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, Hanson 
and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


3.1.1.3.2 Cuts and Excavation 
 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


 


3.1.1.3.3 Embankments 


Backfill on the order of 4 to 8 feet high will be placed behind the new retaining wall to complete the 


construction. Soils below the project site mostly consist of very loose to very dense clayey sand and stiff 


to very stiff sandy clay. 
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Our settlement evaluation is based on soil types encountered during the previous investigation and 


derived from existing correlation of elastic modulus with SPT blow counts. The parameters used in the 


settlement calculations are presented in Table 3.1.1.3. Immediate settlement is estimated to be about less 


than ¼ inch as shown in calculations presented in Appendix C. Because settlement is anticipated to be 


immediate settlement, no waiting period is deemed necessary. 


3.1.1.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 8 feet at Station 


193+50. The parameters used in the slope stability analyses are presented in Table 3.1.1.3. A summary of 


the stability results is presented in Table 3.1.1.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum of 1.5 under static loading condition and 1.1 under pseudo static loading conditions 


for a stable slope. 


Table 3.1.1.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostaticc 


193+50 2.84 2.08 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


c. Seismic coefficient = 0.147g 


 


3.1.1.3.5 Corrosion 


Corrosivity testing was completed as part of the previous investigation to assess the corrosion potential of 


the soils. The results of the corrosion testing are presented in table 3.1.1.5.  


Table 3.1.1.5 - Summary of Corrosivity Test Results 


Boring 
Depth                  
(ft) 


Elevation               
(ft MSL) 


pH                  


Threshold ≤≤≤≤ 5.5 


Resistivity    
(Ohm-cm)     


Threshold ≤≤≤≤ 1,000 


Sulfate Content 
(ppm)                    


Threshold ≥≥≥≥ 2,000 


Chloride  Content 
(ppm)    


Threshold ≥≥≥≥ 500 


R-07-104 0-5.0 866.8-861.8 7.9 3,500 ND 165 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 
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Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


3.1.1.4 Shallow Foundations 


3.1.1.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform to Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings. The bottoms of footing elevations used in our analyses 


are estimated based on preliminary plans. This office should be notified when the final design elevations 


become available and modifications of our recommendations may be necessary. 


Total and differential settlements of less than ½ and ¼ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


3.1.1.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 360 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.36 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


value in evaluating the resistance to lateral loads. 


3.1.1.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 3.1.1.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 3.1.1.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 3.1.1.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 
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using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


3.1.2 Retaining Wall 335 


The foundations of the proposed retaining wall are anticipated to be founded on either the existing 


artificial fill or alluvium. Both fill and alluvium are considered adequate bearing materials for supporting 


the retaining wall foundations. The potential for liquefaction at the project site is considered very low. 


However, shallow foundations are not feasible because of the reduced bearing capacity due to the 


1½:1 (H:V) sloping condition of the embankment. Furthermore, Caltrans standard walls are not suitable 


because of the railroad surcharge loads, since design of the Caltrans Standard walls are based on roadway 


surcharge loads. As a result, the retaining wall should be a special design wall on deep foundations. 


3.1.2.1 Project Description and Site Location 


The project site is located along the north side of the western embankment of Pachappa Underpass 


(Bridge No. 56-0325) of Union Pacific Railroad, where the existing embankments are up to 56 feet above 


the surrounding grade. The retaining wall alignment is planned from Station 337+28 to Station 344+10. 


The embankment surface elevation ranges from 873.5 feet and 872.3 feet at the eastern and western end 


of the retaining wall, respectively. The freeway surface elevation below the underpass is approximately 


850 feet. The project alignment relative to general topography, streets, and landmarks is shown on 


Figure 1, Site Vicinity Map and Figure 2b, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 3.1.2.1 


below. 


Table 3.1.2.1 - Summary of Proposed Retaining Wall RW 335 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 


Footing Elevation   
(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 335 
Station 337+28 LT 600 to Station 
341+57 LT 77 (“2MT1 Line” Station 
70+50 LT 18 to Station 77+32 LT 18) 


682 4 -14 Level 861-867 


R-07-162                           
R-07-164                             
B-3 a                                                


B-4 a 


Notes: 


a. Borings from Pachappa Underpass As-built Log of Test Borings 


 


3.1.2.2 Field Exploration 


Our previous field exploration program consisted of drilling two (2) exploratory borings (R-07-162 and 


R-07-164) from the freeway grade for the adjacent Retaining Walls 337 and 343, respectively. As-built 


Log of Test Borings sheet of Pachappa Underpass showed borings B-3 and B-4 in proximity of the 


retaining wall. These borings were drilled from the original grade on April 19 and 20, 1954 before the 
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construction of Pachappa Underpass. Approximate locations of borings are shown in Figure 2b and 2c. 


The boring logs and the laboratory test results are provided in Appendix A and Appendix B, respectively. 


The boring details are provided in the following table. 


Table 3.1.2.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-162 51.5 Realigned SR-91 337+55 54 Lt 861.7 


R-07-164 41.5 Realigned SR-91 343+75 52 Lt 846.5 


B-3 43.0 Realigned SR-91 342+16 103 Lt 833.4 


B-4 24.3 Realigned SR-91 340+76 9 Rt 820.7 


 


3.1.2.3 Geotechnical Analysis and Design 


3.1.2.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations previously explored is mantled by about 40 feet of artificial fill consisting 


of medium stiff to stiff sandy clay and medium dense to dense clayey sand and silty sand. Underlying the 


fill to maximum depths explored are Holocene and Pleistocene age, unconsolidated alluvial deposits. The 


alluvium consists primarily of medium dense to very dense silty sand and very dense clayey sand. 


For the purposes of our geotechnical analyses, the groundwater level is considered as high as 80 feet below 


ground surface. 


Engineering parameters for the generalized profile are presented in Table 3.1.2.3. 
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Table 3.1.2.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) 


c’ 
(psf) 


φφφφ’ 
(deg) 


Elastic 
Modulus 
(ksf) 


872-821 0-51 
Artificial 
Fill 


Medium stiff to stiff sandy 
CLAY (CL), medium 
dense to dense clayey 
SAND (SC/SP-SC) and 
silty SAND (SM) 


7-32 
(20) 


6.9-13.4 
(9.2) 


120 750 35 
600-
1,200 
(900) 


821-790 51-82 Alluvium 


Medium dense to very 
dense silty SAND 
(SM/SP-SM), very dense 
clayey SAND (SC), very 
stiff sandy CLAY (CL) 


18-
100 
(40) 


3.3-18.2 
(10.7) 


120 
200-
300 
(250) 


33-36 
(35) 


800-
1,400 
(1,100) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from our previous test results and average values are presented in parentheses for 
SPT N-value and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


3.1.2.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


3.1.2.3.3 Embankments 


Backfill on the order of 4 to 16 feet high will be placed behind the new retaining wall to complete the 


construction. Soils below the project site mostly consist of medium dense to dense clayey sand and very 


dense silty sand. Settlement of subgrade under fully applied load is anticipated to be very low. In the 


absence of groundwater, the settlement due to placement of the wall backfill is expected to be the result of 


elastic settlement and should be completed during construction. 
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3.1.2.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 16 feet at 


Station 340+40 (“2MT1” line station 76+00). The parameters used in the slope stability analyses are 


presented in Table 3.1.2.3. The analysis incorporated surcharge from Cooper E80 rail road loading. The 


locations of the rail road are based on the preliminary layout plans and cross sections (dated 


February 2, 2009) provided by Caltrans. A summary of the stability results is presented in Table 3.1.2.4. 


Appendix C provides computer output and graphical results of the slope stability analyses. Results of the 


analyses indicate that the factors of safety meet the accepted minimum for a stable slope under static and 


pseudo static loading conditions. 


Table 3.1.2.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostaticc 


340+40                                    
( “2MT1” Line Station 76+00) 


1.95 1.52 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


c. Seismic coefficient = 0.147g 


 


3.1.2.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 3.1.2.5.  


Table 3.1.2.5 - Summary of Corrosivity Test Results 


Boring 
Depth                  
(ft) 


Elevation                
(ft MSL) 


pH                  


Threshold ≤≤≤≤ 5.5 


Resistivity    
(Ohm-cm)     


Threshold ≤≤≤≤ 1,000 


Sulfate Content 
(ppm)                    


Threshold ≥≥≥≥ 2,000 


Chloride  Content 
(ppm)    


Threshold ≥≥≥≥ 500 


R-07-162 0-5.0 861.7-856.7 9.7 3,600 ND 75 


R-07-164 0-5.0 846.5-841.5 7.8 3,000 ND 75 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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3.1.2.4 Deep Foundations 


We have considered different pile alternatives for the project. Based on the findings of our field 


explorations, the subsurface materials are generally granular at the subject wall location. The use of cast-


in-drilled-hole (CIDH) piles is a less attractive option because of the potential of caving during drilling 


and the battering restriction for CIDH piles within granular materials. In our opinion, driven piles would 


be a more feasible option.  


We recommend Caltrans standard Class 90 Alternative ‘Y’ precast, prestressed concrete driven piles for 


the project, as they are generally more cost effective than steel driven piles. With a proper choice of 


equipment, we do not anticipate a drivability issue that will preclude the use of these displacement piles. 


The standard concrete piles can be battered at a gradient of 1:3 (H:V) on a needed basis. 


The methodologies and assumptions of design of pile foundations are presented in Section 7.5 of the Final 


Geotechnical Design Report (URS, 2008). 


3.1.2.4.1 Axial Geotechnical Capacity 


Axial capacities of the proposed piles were evaluated considering frictional resistance only. The 


Preliminary Pile Data Table below presents our recommendations for the proposed pile foundations. The 


bottoms of footing elevations are estimated based on preliminary plans. This office should be notified when 


the final design elevations become available and modifications of our recommendations may be 


necessary. 


Table 3.1.2.6 – Preliminary Pile Data Table for Proposed Piles 


Nominal  
Resistance (kips) 


Location Pile Type 
Design 
Loading 
(kips) 


Comp. Tension  


Estimated Bottom of 
Footing Elevation 


(ft MSL) 


Design 
Tip 


Elevation 
(ft MSL) 


Specified 
Tip 


Elevation  
(ft MSL) 


RW 335 


Caltrans 


Standard Class 


90  Alt ‘Y’ 


Concrete Piles 


90 180 90 863.0 


833.5 (1)        


833.5 (2) 


840.5 (3)        


833.5 (4) 


Design tip elevation is controlled by the demands: 


(1) Compression; (2) Tension; (3) Lateral Loads: (4) The specified tip elevation is based on 29.5 feet long pile.  


Notes: 
a. Minimum Pile Length for Lateral Loads determined by 1.5 times the critical length for which a further increase in 


pile length does not reduce deflection substantially. 


b. The length of the pile should be maintained at 29.5 feet for other bottom of footing elevations. 


 


3.1.2.4.2 Lateral Geotechnical Capacity 


The acceptable horizontal deflection, rather than the lateral geotechnical strength or structural capacity of 


the pile section, often controls the allowable lateral capacity of piles. Lateral load evaluations were 
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performed for free-head conditions for the Caltrans standard Class 90 Alternative ‘Y” concrete piles. A 


factor of safety has not been applied to the estimated loads or deflections.  


The lateral capacity calculations have included group effect by assuming a minimum of 5 pile-diameter 


spacing. An average p-multiplier of 0.85 was used in calculating lateral capacity for each pile. 


A p-multiplier of 0.95 was used in calculating moment for piles, as the higher moment substantiated by 


the leading row would govern the moment design. 


The following table presents estimated lateral pile capacities using a range of deflections for the 


controlling load case.  


Table 3.1.2.7 - Lateral Capacity for Proposed Piles 


Lateral Deflection of Pile Cap 
(inch) 


Lateral Load per Pile (kips)  
free-head 


0.25 8.3 


0.5 13.6 


1.0 21.9 


 


A summary of the estimated lateral pile capacities and deflections along with our assumptions, pile 


properties, soil properties, and sample output files with deflection, bending moment, shear, and soil 


resistance with depth is presented in Appendix C. 


3.1.2.4.3 Pile Spacing 


The recommended geotechnical capacities have assumed a pile spacing of at least 5 times pile diameter. 


These capacities should be re-evaluated if the actual pile spacing is less. 


3.1.2.4.4 Battered Pile 


As the project site is not underlain by potentially liquefiable soils, battered piles can be used at a gradient 


of 1:3 (H:V) for the purpose of resisting lateral loads.  


3.1.2.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 3.1.2.8 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 3.1.2.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 
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The recommended value presented in Table 3.1.2.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


Cooper E80 railroad loading. Lateral pressure due to a Cooper E80 railraod can be calculated using 


equation 5.5.5.10.2-1 shown in Bridge Design Specifications based on a uniform strip load of 1,882 psf. 


Weepholes and a wall drain with filter/drainage materials should be provided similar to those shown on 


the Caltrans Standard Plans. Lateral pressures resulting from other uniform vertical surcharge behind the 


wall should be added as a horizontal pressure with a rectangular distribution and calculated using a lateral 


earth pressure coefficient of 0.30 for the retaining walls.  Surcharges that are set back behind the wall a 


horizontal distance greater than the exposed wall height do not need to be added to the design pressures. 


 


3.1.3 Retaining Wall 339 


The foundations of the proposed retaining wall are anticipated to be founded on either the existing 


artificial fill or alluvium. Both fill and alluvium are considered adequate bearing materials for supporting 


the retaining wall foundations. The potential for liquefaction at the project site is considered very low. 


However, shallow foundations are not feasible because of the reduced bearing capacity due to the 


1½:1 (H:V) sloping condition of the embankment. Furthermore, Caltrans Standard walls are not suitable 


because of the railroad surcharge loads, since design of the Caltrans Standard walls are based on roadway 


surcharge loads. As a result, the retaining wall should be a special design wall on deep foundations. 


3.1.3.1 Project Description and Site Location 


The project site is located along the south side of the western embankment of Pachappa Underpass 


(Bridge No. 56-0325) of Union Pacific Railroad, where the existing embankments are up to 56 feet above 


the surrounding grade. The retaining wall alignment is planned from Station 337+28 to Station 344+10. 


The embankment surface elevation ranges from 873.5 feet and 873.1 feet at the eastern and western end 


of the retaining wall, respectively. The freeway surface elevation below the underpass is approximately 


850 feet. The project alignment relative to general topography, streets, and landmarks is shown on 


Figure 1, Vicinity Map and Figure 2b, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 3.1.3.1 


below.  


Table 3.1.3.1 - Summary of Proposed Retaining Wall RW 339 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 


Footing Elevation   
(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 339 


Station 338+77 LT 280 to Station 


340+52 LT 75 (“2MT1 Line” Station 


74+00 51RT to Station 76+71 


51RT) 


271 4 -24 Level 849-864 


R-07-162                             


R-07-164                             


B-3 a                                                   


B-4 a  


Notes: 


a. Borings from Pachappa Underpass As-built Log of Test Borings 
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3.1.3.2 Field Exploration 


Our previous field exploration program consisted of drilling two (2) exploratory borings (R-07-162 and 


R-07-164) from the freeway grade for the adjacent Retaining Walls 337 and 343, respectively. As-built 


Log of Test Borings sheet of Pachappa Underpass showed borings B-3 and B-4 in proximity of the 


retaining wall. This boring was drilled from the original grade on April 19 and 20, 1954 before the 


construction of Pachappa Underpass. Approximate locations of borings are shown in Figure 2b and 2c. 


The boring logs and the laboratory test results are provided in Appendix A and Appendix B, respectively. 


The boring details are provided in the following table. 


Table 3.1.3.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-162 51.5 Realigned SR-91 337+55 54 Lt 861.7 


R-07-164 41.5 Realigned SR-91 343+75 52 846.5 


B-3 43.0 Realigned SR-91 342+16 103 Lt 833.4 


B-4 24.3 Realigned SR-91 340+76 9 Rt 820.7 


 


3.1.3.3 Geotechnical Analysis and Design 


3.1.3.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations previously explored is mantled by about 23 feet of artificial fill consisting 


of medium stiff to stiff sandy clay and medium dense to dense clayey sand and silty sand. Underlying the 


fill to maximum depths explored are Holocene and Pleistocene age, unconsolidated alluvial deposits. The 


alluvium consists primarily of medium dense to very dense silty sand and very dense clayey sand. 


For the purposes of our geotechnical analyses, the groundwater level is considered as high as 80 feet below 


ground surface. 


Engineering parameters for the generalized profile are presented in Table 3.1.3.3. 
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Table 3.1.3.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) 


c’ 
(psf) 


φφφφ’ 
(deg) 


Elastic 
Modulus 
(ksf) 


872-821 0-51 
Artificial 
Fill 


Medium dense to dense 
clayey SAND (SC), very 
stiff sandy CLAY (CL) 


7-32 
(20) 


6.9-13.4 
(9.2) 


120 750 35 
600-
1,200 
(900) 


821-790 51-82 Alluvium 


Medium dense to dense 
clayey SAND (SC/SP-
SC), very dense silty 
SAND (SM), very stiff 
sandy CLAY (CL) 


18-
100 
(40) 


3.3-18.2 
(10.7) 


120 
200-
300 
(250) 


33-36 
(35) 


800-
1,400 
(1,100) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


3.1.3.3.2 Cuts and Excavation 


Based on findings of the previous investigations, a Cal/OSHA Soil Type B can be assumed for the 


existing fill and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary 


excavations is based on engineering classifications of material encountered in widely spaced explorations. 


The contractor should have a geotechnical or geological professional evaluate the soil conditions 


encountered during excavation to determine permissible temporary slope inclinations. 


3.1.3.3.3 Embankments 


Backfill on the order of 4 to 24 feet high will be placed behind the new retaining wall to complete the 


construction. Soils below the project site mostly consist of medium dense to dense clayey sand and very 


dense silty sand. Settlement of subgrade under fully applied load is anticipated to be very low. In the 


absence of groundwater, the settlement due to placement of the wall backfill is expected to be the result of 


elastic settlement and should be completed during construction. 
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3.1.3.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 24 feet at 


Station 340+70 (“2MT1” line station 76+25). Another section at Station 340+00 (“2MT1” line station 


75+25) with maximum sloping height was also considered for the analysis. The parameters used in the 


slope stability analyses are presented in Table 3.1.2.3. A summary of the stability results is presented in 


Table 3.1.2.4. Appendix C provides computer output and graphical results of the slope stability analyses. 


Results of the analyses indicate that the factors of safety meet the accepted minimum for a stable slope 


under static and pseudo static loading conditions. 


Table 3.1.3.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostaticc 


340+70                                    


( “2MT1” Line Station 75+25) 
2.09 1.66 


340+00                                    


( “2MT1” Line Station 76+25) 
2.52 2.04 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


c. Seismic coefficient = 0.147g 


 


3.1.3.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 3.1.3.5.  


Table 3.1.3.5 - Summary of Corrosivity Test Results 


Boring 
Depth                  
(ft) 


Elevation                
(ft MSL) 


pH                  


Threshold ≤≤≤≤ 5.5 


Resistivity    
(Ohm-cm)                    


Threshold ≤≤≤≤ 1,000 


Sulfate Content 
(ppm)                    


Threshold ≥≥≥≥ 2,000 


Chloride  Content 
(ppm)    


Threshold ≥≥≥≥ 500 


R-07-162 0-5.0 861.7-856.7 9.7 3,600 ND 75 


R-07-164 0-5.0 846.5-841.5 7.8 3,000 ND 75 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 
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Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


3.1.3.4 Deep Foundations 


We have considered different pile alternatives for the project. Based on the findings of our field 


explorations, the subsurface materials are generally granular at the subject wall location. The use of cast-


in-drilled-hole (CIDH) piles is a less attractive option because of the potential of caving during drilling 


and the battering restriction for CIDH piles within granular materials. In our opinion, driven piles would 


be a more feasible option.  


We recommend Caltrans standard Class 90 Alternative ‘Y’ precast, prestressed concrete driven piles for 


the project, as they are generally more cost effective than steel driven piles. With a proper choice of 


equipment, we do not anticipate a drivability issue that will preclude the use of these displacement piles. 


The standard concrete piles can be battered at a gradient of 1:3 (H:V) on a needed basis. 


The methodologies and assumptions of design of pile foundations are presented in Section 7.5 of the Final 


Geotechnical Design Report (URS, 2008) 


3.1.3.4.1 Axial Geotechnical Capacity 


Axial capacities of the proposed piles were evaluated considering frictional resistance only. The 


Preliminary Pile Data Table below presents our recommendations for the proposed pile foundations. The 


bottoms of footing elevations are estimated based on preliminary plans. This office should be notified when 


the final design elevations become available and modifications of our recommendations may be 


necessary.  


Table 3.1.3.6 – Preliminary Pile Data Table for Proposed Piles 


Nominal  
Resistance (kips) 


Location Pile Type 
Design 
Loading 
(kips) 


Comp. Tension  


Estimated Bottom 
of Footing Elevation 


(ft MSL) 


Design 
Tip 


Elevation 
(ft MSL) 


Specified 
Tip 


Elevation  
(ft MSL) 


RW 339 


Caltrans 


Standard Class 


90  Alt ‘Y’ 


Concrete Piles 


90 180 90 863.0 


833.5 (1)        


833.5 (2) 


840.5 (3)        


833.5 (4) 


Design tip elevation is controlled by the demands: 


(1) Compression; (2) Tension; (3) Lateral Loads: (4) The specified tip elevation is based on 29.5 feet long pile 


Notes: 
a. Minimum Pile Length for Lateral Loads determined by 1.5 times the critical length for which a further increase in 


pile length does not reduce deflection substantially. 


b. The length of the pile should be maintained at 29.5 feet for other bottom of footing elevations. 
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3.1.3.4.2 Lateral Geotechnical Capacity 


The acceptable horizontal deflection, rather than the lateral geotechnical strength or structural capacity of 


the pile section, often controls the allowable lateral capacity of piles. Lateral load evaluations were 


performed for free-head conditions for the Caltrans standard Class 90 Alternative ‘Y” concrete piles. A 


factor of safety has not been applied to the estimated loads or deflections.  


The lateral capacity calculations have included group effect by assuming a minimum of 5 pile-diameter 


spacing. An average p-multiplier of 0.85 was used in calculating lateral capacity for each pile. 


A p-multiplier of 0.95 was used in calculating moment for piles, as the higher moment substantiated by 


the leading row would govern the moment design. 


The following table presents estimated lateral pile capacities using a range of deflections for the 


controlling load case.  


Table 3.1.3.7 - Lateral Capacity for Proposed Piles 


Lateral Deflection of Pile Cap 
(inch) 


Lateral Load per Pile (kips)  
free-head 


0.25 8.3 


0.5 13.6 


1.0 21.9 


 


3.1.3.4.3 Pile Spacing 


The recommended geotechnical capacities have assumed a pile spacing of at least 5 times pile diameter. 


These capacities should be re-evaluated if the actual pile spacing is less. 


3.1.3.4.4 Battered Pile 


As the project site is not underlain by potentially liquefiable soils, battered piles can be used at a gradient 


of 1:3 (H:V) for the purpose of resisting lateral loads. 


3.1.3.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 3.1.3.8 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 3.1.3.8 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 
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The recommended value presented in Table 3.1.3.8 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


Cooper E80 railroad loading. Lateral pressure due to a Cooper E80 railraod can be calculated using 


equation 5.5.5.10.2-1 shown in Bridge Design Specifications based on a uniform strip load of 1,882 psf. 


Weepholes and a wall drain with filter/drainage materials should be provided similar to those shown on 


the Caltrans Standard Plans. Lateral pressures resulting from other uniform vertical surcharge behind the 


wall should be added as a horizontal pressure with a rectangular distribution and calculated using a lateral 


earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back behind the wall a 


horizontal distance greater than the exposed wall height do not need to be added to the design pressures. 


3.1.4 Retaining Wall 342 


The foundations of the proposed retaining wall are anticipated to be founded on existing artificial fill. The 


fill is considered an adequate bearing material for supporting the retaining wall foundations. Total and 


differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. Caltrans Standard 


walls are not suitable because of the railroad surcharge loads, since design of the Caltrans Standard walls 


are based on roadway surcharge loads. As a result, the retaining wall should be a special design wall on 


shallow foundation. 


3.1.4.1 Project Description and Site Location 


The project site is located along the south side of the eastern embankment of Pachappa Underpass (Bridge 


No. 56-0325) of Union Pacific Railroad, where the existing embankments are up to 48 feet above the 


surrounding grade. The retaining wall alignment is planned from Station 342+30 to Station 345+50. The 


embankment surface elevation ranges from 876.8 feet and 874.8 feet at the eastern and western end of the 


retaining wall, respectively. The freeway surface elevation below the underpass is approximately 850 feet. 


The project alignment relative to general topography, streets, and landmarks is shown on Figure 1, Site 


Vicinity Map and  Figure 2c, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 3.1.4.1 


below.  


Table 3.1.4.1 - Summary of Proposed Retaining Wall RW 342 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 


Footing Elevation   
(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 342 


Station 342+31 RT 80 to Station 


345+50 RT 280 (2MT2 Line” 


Station 79+25 RT 17 to Station 


82+87 RT 17) 


362 4 - 32 Level 848-868 


R-07-163                            


R-07-165                           


B-2 a                                        


B-5 a 


Notes: 


a. Borings from Pachappa Underpass As-built Log of Test Borings 
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3.1.4.2 Field Exploration 


Our previous field exploration program consisted of drilling two (2) exploratory borings (R-07-163 and 


R-07-165) from the freeway grade for the adjacent Retaining Wall 338 and 344, respectively. As-built 


Log of Test Borings sheet of Pachappa Underpass showed borings B-2 and B-5 in proximity of the 


retaining wall. These borings were drilled on April 16, 1954 and April 20, 1954 before the construction of 


Pachappa Underpass. Approximate locations of borings are shown in Figure 2b and 2c. The boring logs 


and the laboratory test results are provided in Appendix A and Appendix B, respectively. The boring 


details are provided in the following table. 


Table 3.1.4.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-163 32.5 Realigned SR-91 340+90 55 851.7 


R-07-165 48.0 Realigned SR-91 344+65 54 841.2 


B-2 65.0 Realigned SR-91 343+75 45 848.5 


B-5 22.0 Realigned SR-91 342+41 123 832.0 


 


 


3.1.4.3 Geotechnical Analysis and Design 


3.1.4.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is mantled by about 19 feet of artificial fill consisting of medium 


dense clayey sand and very stiff sandy clay. Underlying the fill to maximum depths explored are 


Holocene and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists primarily of 


medium dense to very dense clayey sand and silty sand. 


For the purposes of our geotechnical analyses, the groundwater level is considered as high as 80 feet below 


ground surface. 


Engineering parameters for the generalized profile are presented in Table 3.1.4.3. 
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Table 3.1.4.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) 


c’ 
(psf) 


φφφφ’ 
(deg) 


Elastic 
Modulus 
(ksf) 


876-832 0-44 
Artificial 
Fill 


Medium dense clayey 
SAND (SC), very stiff 
sandy CLAY (CL) 


15-22 
(18) 


8.3-17.2 
(13.0) 


120 750 35 
600-
1,000 
(900) 


832-793  44-83 Alluvium 


Medium dense to very 
dense clayey SAND (SC) 
and silty SAND (SM), very 
stiff sandy CLAY (CL) 


9-100 
(30) 


9.0-17.7 
(13.3) 


120 
250-
470 
(360) 


33-36 
(34) 


800-
1,400 
(1,000) 


Notes: 


a. Profile developed from eastbound State Route 91 Madison Street on-ramp level. 


b. Maximum to minimum values shown from our previous test results and average values are presented in parentheses for SPT 
N-value and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


3.1.4.3.2 Cuts and Excavation 


Based on the findings of the previous investigations, a Cal/OSHA Soil Type B can be assumed for the 


existing fill. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


3.1.4.3.3 Embankments 


Backfill on the order of 4 to 32 feet high will be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense clayey sand and very stiff 


sandy clay.  


In the absence of groundwater, settlement due to placement of the wall backfill is expected to be the result 


of elastic settlement and should be completed during construction. Our settlement evaluation is based on 


soil types encountered during the previous investigations and derived from existing correlation of elastic 


modulus with SPT blow counts. The parameters used in the settlement calculations are presented in 
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Table 3.1.4.3. Immediate settlement is estimated to be about 1 inch as shown in calculations presented in 


Appendix C. Because settlement is anticipated to be immediate settlement, no waiting period is deemed 


necessary.  


3.1.4.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 32 feet at Station 


343+70. Another slope stability analysis was performed for maximum sloping condition at Station 


344+30 where the wall height is approximately 28 feet. The parameters used in the slope stability 


analyses are presented in Table 3.1.4.3. A summary of the stability results is presented in Table 3.1.4.4. 


Appendix C provides computer output and graphical results of the slope stability analyses. Results of the 


analyses indicate that the factors of safety meet the accepted minimum for a stable slope under static and 


pseudo static loading conditions. 


Table 3.1.4.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostaticc 


343+70                                          


“2MT2 Line” Station 80+25 
2.39 1.82 


344+30                                         


”2MT2 Line” Station 81+00 
2.06 1.74 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


c. Seismic coefficient = 0.147g 


 


3.1.4.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 3.1.4.5.  


Table 3.1.4.5 - Summary of Corrosivity Test Results 


Boring 
Depth                  
(ft) 


Elevation                
(ft MSL) 


pH                  


Threshold ≤≤≤≤ 5.5 


Resistivity    
(Ohm-cm)                    


Threshold ≤≤≤≤ 1,000 


Sulfate Content 
(ppm)                    


Threshold ≥≥≥≥ 2,000 


Chloride  Content 
(ppm)    


Threshold ≥≥≥≥ 500 


R-07-163 0-5.0 851.7-846.7 9.4 3,100 ND 180 


R-07-165 0-5.0 841.2-836.2 6.6 3,300 240 315 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected. 
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Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


3.1.4.4 Shallow Foundations 


3.1.4.4.1 Bearing Capacity 


Foundations of the retaining walls should be founded at least 3 feet below the lowest adjacent grade with 


a minimum setback of 4 feet from the face of any slopes (measured from top of foundations to slope 


face). To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining wall. 


The following Preliminary Shallow Foundation Data Table presents our preliminary recommendations for 


the retaining wall foundations. The bottoms of footing elevations used are estimated based on preliminary 


plans. This office should be notified when the final design elevations become available and modifications 


of our recommendations may be necessary. 


Table 3.1.4.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Footing Width 


(ft) 


Estimated 
Bottom of 
Footing  
Elevation       
(ft MSL) 


Gross Allowable Soil 
Bearing Pressure (qall) 


Ultimate Soil Bearing 
Pressure (qu) 


8.0 6.1 18.3 


10.0 6.5 19.5 


13.25 7.1 21.3 


15.25 7.6 22.8 


RW 342 


18.25 


 


 


848-868 


 


 8.3 24.9 


Notes:  


a. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


b. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qult. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 


  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. The given allowable and 


ultimate bearing capacities are net values, and these values may be increased by one-third for momentary 


wind or seismic loads. Edge pressure due to any eccentric load should not exceed the bearing values given 


for permanent and temporary loads. 
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3.1.4.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 440 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.43 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


value in evaluating the resistance to lateral loads. 


3.1.4.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 3.1.4.7 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 3.1.4.7 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 3.1.4.7 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


Cooper E80 railroad loading. Lateral pressure due to a Cooper E80 railraod can be calculated using 


equation 5.5.5.10.2-1 shown in Bridge Design Specifications based on a uniform strip load of 1,882 psf. 


Weepholes and a wall drain with filter/drainage materials should be provided similar to those shown on 


the Caltrans Standard Plans. Lateral pressures resulting from other uniform vertical surcharge behind the 


wall should be added as a horizontal pressure with a rectangular distribution and calculated using a lateral 


earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back behind the wall a 


horizontal distance greater than the exposed wall height do not need to be added to the design pressures. 


 


3.1.5 Retaining Wall 344A 


The foundations of the proposed retaining wall are anticipated to be founded on existing artificial fill. The 


fill is considered an adequate bearing material for supporting the retaining wall foundations. Total and 


differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. Caltrans Standard 


walls are not suitable because of the railroad surcharge loads, since design of the Caltrans Standard walls 


are based on roadway surcharge loads. As a result, the retaining wall should be a special design wall on 


shallow foundation. 


3.1.5.1 Project Description and Site Location 


The project site is located along the south side of the eastern embankment of Pachappa Underpass (Bridge 


No. 56-0325) of Union Pacific Railroad, where the existing embankments are up to 48 feet above the 
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surrounding grade. The retaining wall alignment is planned from Station 343+60 to Station 345+50. The 


embankment surface elevation ranges from 876.8 feet and 874.8 feet at the eastern and western end of the 


retaining wall, respectively. The freeway surface elevation below the underpass is approximately 850 feet. 


The project alignment relative to general topography, streets, and landmarks is shown on Figure 1, Site 


Vicinity Map and Figure 2c, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 3.1.5.1 


below.  


Table 3.1.5.1 - Summary of Proposed Retaining Wall RW 344A 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 


Footing Elevation   
(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 344A 


Station 343+60 RT 80 to Station 


345+50 RT 190 (“2MT2 Line” 


Station 80+04 LT 62 to Station 


82+30 LT 62) 


226 4 - 32 Level 861-870 


R-07-163                            


R-07-165                           


B-2 a                       


B-5 a  


Notes: 


a. Borings from Pachappa Underpass As-built Log of Test Borings 


 


3.1.5.2 Field Exploration 


Our previous field exploration program consisted of drilling two (2) exploratory borings (R-07-163 and 


R-07-165) from the freeway grade for the adjacent Retaining Wall 338 and 344, respectively. As-built 


Log of Test Borings sheet of Pachappa Underpass showed borings B-2 and B-5 in proximity of the 


retaining wall. These borings were drilled on April 16, 1954 and April 20, 1954 before the construction of 


Pachappa Underpass. Approximate locations of borings are shown in Figure 2b and 2c. The boring logs 


and the laboratory test results are provided in Appendix A and Appendix B, respectively. The boring 


details are provided in the following table. 


Table 3.1.5.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-163 32.5 Realigned SR-91 340+90 55 851.7 


R-07-165 48.0 Realigned SR-91 344+65 54 841.2 


B-2 65.0 Realigned SR-91 343+75 45 848.5 


B-5 22.0 Realigned SR-91 342+41 123 832.0 
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3.1.5.3 Geotechnical Analysis and Design 


3.1.5.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is mantled by about 19 feet of artificial fill consisting of medium 


dense clayey sand and very stiff sandy clay. Underlying the fill to maximum depths explored are 


Holocene and Pleistocene age, unconsolidated alluvial deposits. The alluvium consists primarily of 


medium dense to very dense clayey sand and silty sand. 


For the purposes of our geotechnical analyses, the groundwater level is considered as high as 80 feet below 


ground surface. 


Engineering parameters for the generalized profile are presented in Table 3.1.5.3. 


Table 3.1.5.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) 


c’ 
(psf) 


φφφφ’ 
(deg) 


Elastic 
Modulus 
(ksf) 


876-832 0-44 
Artificial 


Fill 


Medium dense clayey 


SAND (SC), very stiff 


sandy CLAY (CL) 


15-22 


(18) 


8.3-17.2 


(13.0) 
120 750 35 


600-


1,000 


(900) 


832-793  44-83 Alluvium 


Medium dense to very 


dense clayey SAND (SC) 


and silty SAND (SM), very 


stiff sandy CLAY (CL) 


9-100 


(30) 


9.0-17.7 


(13.3) 
120 


250-


470 


(360) 


33-36 


(34) 


800-


1,400 


(1,000) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value and 
moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


3.1.5.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 
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contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


3.1.5.3.3 Embankments 


Backfill on the order of 4 to 32 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense clayey sand and very stiff 


sandy clay.  


In the absence of groundwater, settlement due to placement of the wall backfill is expected to be the result 


of elastic settlement and should be completed during construction. Our settlement evaluation is based on 


soil types encountered during this investigation and derived from existing correlation of elastic modulus 


with SPT blow counts. The parameters used in the settlement calculations are presented in Table 3.1.5.3. 


Immediate settlement is estimated to be about 1 inch as shown in calculations presented in Appendix C. 


Because settlement is anticipated to be immediate settlement, no waiting period is deemed necessary 


3.1.5.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 32 feet. Another 


slope stability analysis was performed for maximum slope at Station 343+90 where the wall height is 


20 feet. The parameters used in the slope stability analyses are presented in Table 3.1.5.3. A summary of 


the stability results is presented in Table 3.1.5.4. Appendix C provides computer output and graphical 


results of the slope stability analyses. Results of the analyses indicate that the factors of safety meet the 


accepted minimum for a stable slope under static and pseudo static loading conditions. 


Table 3.1.5.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostaticc 


343+60 2.56 2.02 


343+90                                               


“2MT2 Line” Station 80+50 


2.85 2.16 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


c. Seismic coefficient = 0.147g 


 


3.1.5.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 3.1.5.5.  
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Table 3.1.5.5 - Summary of Corrosivity Test Results 


Boring 
Depth                  
(ft) 


Elevation                
(ft MSL) 


pH                  


Threshold ≤≤≤≤ 5.5 


Resistivity    
(Ohm-cm)                    


Threshold ≤≤≤≤ 1,000 


Sulfate Content 
(ppm)                    


Threshold ≥≥≥≥ 2,000 


Chloride  Content 
(ppm)    


Threshold ≥≥≥≥ 500 


R-07-163 0-5.0 851.7-846.7 9.4 3,100 ND 180 


R-07-165 0-5.0 841.2-836.2 6.6 3,300 240 315 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected. 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


3.1.5.4 Shallow Foundations 


3.1.5.4.1 Bearing Capacity 


Foundations of the retaining walls should be founded at least 3 feet below the lowest adjacent grade with 


a minimum setback of 4 feet from the face of any slopes (measured from top of foundations to slope 


face). To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining wall. 


The following Preliminary Shallow Foundation Data Table presents our preliminary recommendations for 


the retaining wall foundations. The bottoms of footing elevations used are estimated based on preliminary 


plans. This office should be notified when the final design elevations become available and modifications 


of our recommendations may be necessary. 
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Table 3.1.5.6 - Preliminary Shallow Foundation Data Table 


Recommended Soil Bearing Pressure (ksf) 


WSD a LFD b 
Retaining 


Wall 
Location 


Minimum 
Footing Width 


(ft) 


Estimated 
Bottom of 


Base Elevation      
(ft MSL) Gross Allowable Soil 


Bearing Pressure (qall) 
Ultimate Soil Bearing 


Pressure (qu) 


8.0 6.1 18.3 


10.0 6.5 19.5 


13.25 7.1 21.3 


15.25 7.6 22.8 


RW 344A 


18.25 


 


 


861-870 


 


 8.3 24.9 


Notes:  


c. Working Stress Design (WSD). The maximum contact pressure, qmax, is not to exceed the 
recommended Gross Allowable Soil Bearing Pressure, qall. The Ultimate Soil Bearing Capacity, 
qult, will equal or exceed 3 times the recommended Gross Allowable Soil Bearing Pressure, qall. 


a. Load Factor Design (LFD). The Maximum Contact Pressure, qmax, divided by the Strength 


Reduction Factor, φ, is not to exceed the recommended Ultimate Soil Bearing Capacity, qult. The 
Ultimate Soil Bearing Capacity, qult, will equal or exceed the recommended Ultimate Soil Bearing 
Pressure, qu. 


  


Total and differential settlements of less than 1 and ½ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. The given allowable and 


ultimate bearing capacities are net values, and these values may be increased by one-third for momentary 


wind or seismic loads. Edge pressure due to any eccentric load should not exceed the bearing values given 


for permanent and temporary loads. 


3.1.5.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 440 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.43 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


value in evaluating the resistance to lateral loads. 


3.1.5.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 3.1.5.7 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 
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Table 3.1.5.7 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 3.1.5.7 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


Cooper E80 railroad loading. Lateral pressure due to a Cooper E80 railraod can be calculated using 


equation 5.5.5.10.2-1 shown in Bridge Design Specifications based on a uniform strip load of 1,882 psf. 


Weepholes and a wall drain with filter/drainage materials should be provided similar to those shown on 


the Caltrans Standard Plans. Lateral pressures resulting from other uniform vertical surcharge behind the 


wall should be added as a horizontal pressure with a rectangular distribution and calculated using a lateral 


earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back behind the wall a 


horizontal distance greater than the exposed wall height do not need to be added to the design pressures. 


 


3.1.6 Retaining Wall 379 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


3.1.6.1 Project Description and Site Location 


The project site is located immediately east of 14th Street Overcrossing (Bridge No. 56-0313) along west 


side of the SR91 westbound off-ramp to 14
th
 Street, where the existing freeway surface was constructed 


on embankments up to 19 feet below the surrounding street grade. The retaining wall alignment is 


planned from Station 377+60 to Station 384+85. The off-ramp surface elevation ranges from 


approximately 850 feet and 860 feet at the eastern and western end of the retaining wall, respectively. The 


project alignment relative to general topography, streets, and landmarks is shown on Figure 1, Site 


Vicinity Map and Figure 2d, Wall Layout and Exploratory Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 3.1.6.1 


below.  
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Table 3.1.6.1 - Summary of Proposed Retaining Wall RW 379 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 


Footing Elevation   
(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 379 


Station 377+30 LT 165 to Station 


379+85 LT 130 (“14WBOFF1 Line” 


Station 377+65 14LT to Station 


380+11 8LT) 


246 4 - 12 Level 860-866  A-07-183 


 


3.1.6.2 Field Exploration 


Our previous field exploration program consisted of drilling one (1) exploratory boring (A-07-183) from 


the Mulberry Street grade. Approximate locations of borings are shown in Figure 2d. The boring log and 


the laboratory test results are provided in Appendix A and Appendix B, respectively. The boring details 


are provided in the following table. 


Table 3.1.6.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


R-07-183 65.0 Realigned SR-91 377+75 175 860.5 


 


3.1.6.3 Geotechnical Analysis and Design 


3.1.6.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium dense to very dense clayey sand and silty 


sand with interbedded stiff to very stiff sandy clay. 


For the purposes of our geotechnical analyses, the groundwater level is considered as high as 80 feet below 


ground surface. 


Engineering parameters for the generalized profile are presented in Table 3.1.6.3. 
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Table 3.1.6.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moistur
e 


Content 
(%) 


Total 
Unit 


Weight 
(pcf) 


c’ 
(psf) 


φφφφ’ 
(deg) 


Elastic 
Modulus 
(ksf) 


860.5-


795.5 
0-65 Alluvium 


Medium dense to very 


dense clayey SAND (SC) 


and silty SAND (SM/SP-


SM/SP) with interbedded 


stiff to very stiff sandy 


CLAY (CL) 


14-


100 


(45) 


5.9-25.8 


(13.7) 
120 200 37 


800-1400 


(1100) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. Maximum and minimum values are shown for elastic modulus values with actual values used for analyses are presented in 
parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


3.1.6.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium, respectively. It should be noted that this assessment of Cal/OSHA soil type for temporary 


excavations is based on engineering classifications of material encountered in widely spaced explorations. 


The contractor should have a geotechnical or geological professional evaluate the soil conditions 


encountered during excavation to determine permissible temporary slope inclinations. 


3.1.6.3.3 Embankments 


Backfill on the order of 4 to 12 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to very dense clayey sand 


and silty sand with interbedded stiff to very stiff sandy lean clay. 


In the absence of groundwater, settlement due to placement of the wall backfill is expected to be the result 


of elastic settlement and should be completed during construction. Our settlement evaluation is based on 


soil types encountered during this investigation and derived from existing correlation of elastic modulus 


with SPT blow counts. The parameters used in the settlement calculations are presented in Table 3.1.6.3. 
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Immediate settlement is estimated to be less than ¼ inches as shown in calculations presented in 


Appendix C. Because settlement is anticipated to be immediate settlement, no waiting period is deemed 


necessary. 


3.1.6.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 12 feet. The 


parameters used in the slope stability analyses are presented in Table 3.1.6.3. A summary of the stability 


results is presented in Table 3.1.6.4. Appendix C provides computer output and graphical results of the 


slope stability analyses. Results of the analyses indicate that the factors of safety meet the accepted 


minimum for a stable slope under static and pseudo static loading conditions. 


Table 3.1.6.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostaticc 


“14WBOFF1 Line” Station 


380+00 
2.78 2.21 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


c. Seismic coefficient = 0.147g 


 


3.1.6.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 3.1.6.5.  


Table 3.1.6.5 - Summary of Corrosivity Test Results 


Boring 
Depth                  
(ft) 


Elevation                
(ft MSL) 


pH                  


Threshold ≤≤≤≤ 5.5 


Resistivity    
(Ohm-cm)                    


Threshold ≤≤≤≤ 1,000 


Sulfate Content 
(ppm)                    


Threshold ≥≥≥≥ 2,000 


Chloride  Content 
(ppm)    


Threshold ≥≥≥≥ 500 


R-07-183 0-5.0 860.5-855.5 7.6 3,100 ND 90 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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3.1.6.4 Shallow Foundations 


3.1.6.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform to Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings. The bottoms of footing elevations used in our analyses 


are estimated based on preliminary plans. This office should be notified when the final design elevations 


become available and modifications of our recommendations may be necessary. 


Total and differential settlements of less than ½ and ¼ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


 


3.1.6.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 480 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.45 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


value in evaluating the resistance to lateral loads. 


3.1.6.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 3.1.6.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 3.1.6.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 3.1.6.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 
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3.1.7 Retaining Wall 385 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


3.1.7.1 Project Description and Site Location 


The project site is located on a parking lot between 11
th
 Street, 12


th
 Street, Lime St and SR-91 freeway in 


City of Riverside. The retaining wall alignment is planned from Station 384+98 to Station 385+67 


parallel to 11
th
 Street. The parking lot surface elevation ranges from approximately 857.4 feet and 


846.7 feet at eastern and western end of the retaining wall, respectively. The freeway surface elevation is 


approximately 856.5 feet at this location. The project alignment relative to general topography, streets, 


and landmarks is shown on Figure 1, Site Vicinity Map and Figure 2e, Wall Layout and Exploratory 


Location Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 3.1.7.1 


below.  


Table 3.1.7.1 - Summary of Proposed Retaining Wall RW 385 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 


Footing Elevation   
(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 385 


Station 384+98 109 LT to Station 


385+67 292 LT (Wall LOL Station 


384+98 to Station 386+93) 


195 4 - 16 Level 847-855 
A-07-183                


A-07-187                


 


3.1.7.2 Field Exploration 


Our previous field exploration program consisted of drilling two (2) exploratory borings (A-07-183 and 


A-07-187) from Mulberry Street grade and parking lot grade located between 11
th
 Street and 10


th
 Street 


for the adjacent Retaining walls 375 and 389, respectively. Approximate locations of borings are shown 


in Figure 2d and 2e. The boring logs and the laboratory test results are provided in Appendix A and 


Appendix B, respectively. The boring details are provided in the following table. 
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Table 3.1.7.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-183 65.0 Realigned SR-91 377+75 175 860.5 


A-07-187 31.5 Realigned SR-91 388+30 94 852.0 


 


3.1.7.3 Geotechnical Analysis and Design 


3.1.7.3.1 Geologic Profile and Engineering Parameters 


The subject site at the locations explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium dense to very dense clayey sand and very 


stiff sandy silt and sandy clay. 


For the purposes of our geotechnical analyses, the groundwater level is considered as high as 80 feet below 


ground surface. 


Engineering parameters for the generalized profile are presented in Table 3.1.7.3. 


Table 3.1.7.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) c’ (psf) 


φφφφ’ 
(deg) 


Elastic 
Modulus 
(ksf) 


852-820 0-32 Alluvium 


Medium dense to very 


dense clayey SAND (SC) 


and very stiff sandy SILT 


(ML) and sandy CLAY (CL) 


12-


100 


(37) 


3.4-25.8 


(9.2) 
120 200 37 


600-


1,400 


(1,000) 


Notes: 


a. Profile developed from State Route 91 roadway level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value and 
moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are presented 
in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, Hanson 
and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri and 
Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ (Terzaghi, 
Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 
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3.1.7.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the existing fill 


and alluvium. It should be noted that this assessment of Cal/OSHA soil type for temporary excavations is 


based on engineering classifications of material encountered in widely spaced explorations. The 


contractor should have a geotechnical or geological professional evaluate the soil conditions encountered 


during excavation to determine permissible temporary slope inclinations. 


3.1.7.3.3 Embankments 


Backfill on the order of 4 to 16 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to very dense clayey sand 


and very stiff sandy silt and sandy clay. 


In the absence of groundwater, settlement due to placement of the wall backfill is expected to be the result 


of elastic settlement and should be completed during construction. Our settlement evaluation is based on 


soil types encountered during this investigation and derived from existing correlation of elastic modulus 


with SPT blow counts. The parameters used in the settlement calculations are presented in Table 3.1.7.3. 


Immediate settlement is estimated to be less than ¾ inches as shown in calculations presented in 


Appendix C. Because settlement is anticipated to be immediate settlement, no waiting period is deemed 


necessary. 


3.1.7.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 16. The parameters 


used in the slope stability analyses are presented in Table 3.1.7.3. A summary of the stability results is 


presented in Table 3.1.7.4. Appendix C provides computer output and graphical results of the slope 


stability analyses. Results of the analyses indicate that the factors of safety meet the accepted minimum 


for a stable slope under static and pseudo static loading conditions. 


Table 3.1.7.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostaticc 


Wall LOL Station 386.93 3.42 2.45 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


c. Seismic coefficient = 0.147g 


 


3.1.7.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 3.1.7.5.  
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Table 3.1.7.5 - Summary of Corrosivity Test Results 


Boring 
Depth                  
(ft) 


Elevation                
(ft MSL) 


pH                  


Threshold ≤≤≤≤ 5.5 


Resistivity    
(Ohm-cm)                    


Threshold ≤≤≤≤ 1,000 


Sulfate Content 
(ppm)                    


Threshold ≥≥≥≥ 2,000 


Chloride  Content 
(ppm)    


Threshold ≥≥≥≥ 500 


R-07-183 0-5.0 860.5-855.5 7.6 3,100 ND 90 


A-07-187 0-5.0 852.0-847.0 7.9 3,500 648 300 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


d. ND = Not Detected 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 


3.1.7.4 Shallow Foundations 


3.1.7.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform to Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings. The bottoms of footing elevations used in our analyses 


are estimated based on preliminary plans. This office should be notified when the final design elevations 


become available and modifications of our recommendations may be necessary. 


Total and differential settlements of less than 1.0 inch and ½ inch, respectively, are estimated for the 


retaining wall under the fully applied allowable bearing pressure recommended above. 


3.1.7.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 480 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.45 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


value in evaluating the resistance to lateral loads. 
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3.1.7.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 3.1.7.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 3.1.7.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 3.1.7.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 


 


 


3.1.8 Retaining Wall 387 


The foundations of the proposed retaining wall are anticipated to be founded on existing alluvium. The 


alluvium is considered an adequate bearing material for supporting the retaining wall foundations. Total 


and differential settlement under the fully applied load is anticipated to be within tolerable limits. 


Furthermore, the potential for liquefaction at the project site is considered very low. As a result, the use of 


standard Caltrans Type 1 retaining wall supported on shallow foundations designed in accordance with 


Caltrans Standard Plans (2006) is feasible from a geotechnical standpoint. 


3.1.8.1 Project Description and Site Location 


The project site is located along the SR-91 westbound on-ramp from 10
th
 Street. The retaining wall 


alignment is planned from Station 385+60 to Station 390+10 on the west side of the on-ramp. The on-


ramp surface elevation ranges from approximately 856.5 feet and 858 feet at the eastern and western end 


of the retaining wall, respectively. The project alignment relative to general topography, streets, and 


landmarks is shown on Figure 1, Site Vicinity Map and Figure 2e, Wall Layout and Exploratory Location 


Map. 


Based on the preliminary project plans, the retaining wall particulars are summarized in Table 3.1.8.1 


below.  
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Table 3.1.8.1 - Summary of Proposed Retaining Wall RW 387 


Wall 
Number 


Location (Centerline of SR-91) 
Length 


(ft) 


Height 


(ft) 


Backfill Slope 
Condition 


(H:V) 


Approximate 
Bottom of 


Footing Elevation   
(ft) 


Pertinent 
Exploratory 
Boring(s) 


RW 387 


Station 385+60 108LT to Station 


390+10 215LT (“10STWBON1 


Line” Station 385+50 29LT to 


Station 390+30 48LT 


480 4 - 10 Level 852-854 
A-07-187                          


A-07-189 


 


3.1.8.2 Field Exploration 


Our previous field exploration program consisted of drilling two (2) exploratory borings (A-07-187 and 


A-07-189) from the surrounding street grade for the adjacent Retaining Wall 389. Approximate location 


of boring is shown in Figure 2e and 2f. The boring logs and the laboratory test results are provided in 


Appendix A and Appendix B, respectively. The boring details are provided in the following table. 


Table 3.1.8.2 - Summary of Geotechnical Boring Locations and Elevations 


Station Number 
Boring No. Depth  (ft) 


Reference Centerline Station (ft)  Offset (ft) 


Elevation         
(ft) 


A-07-187 31.5 Realigned SR-91 388+30 94 852.0 


A-07-189 51.5 Realigned SR-91 393+70 110 869.1 


 


3.1.8.3 Geotechnical Analysis and Design 


3.1.8.3.1 Geologic Profile and Engineering Parameters 


The subject site at the location explored is mantled by Holocene and Pleistocene age, unconsolidated 


alluvial deposits. The alluvium consists primarily of medium dense to very dense clayey sand and very 


stiff to hard sandy clay. 


For the purposes of our geotechnical analyses, the groundwater level is considered as high as 80 feet below 


ground surface. 


Engineering parameters for the generalized profile are presented in Table 3.1.8.3. 
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Table 3.1.8.3 - General Subsurface Profile and Engineering Parameters 


Ultimate Shear 
Strength Average 


Elevation 
(ft MSL) 


Average 
Depth 
(ft) 


Geologic 
Unit 


Soil Description 
SPT 
N-


value 


Moisture 
Content 


(%) 


Total 
Unit 


Weight 
(pcf) 


c’ 
(psf) 


φφφφ’ 
(deg) 


Elastic 
Modulus 
(ksf) 


869.1-


800.5 
0-69 Alluvium 


Medium dense to very 


dense clayey SAND (SC) 


and very stiff to hard 


sandy CLAY (CL) and 


sandy SILT (ML) 


12-


100 


(28) 


2.3-6.0 


(4.6) 
120 


150-


350 


(250) 


30-37 


(33) 


600-


1,400 


(1,000) 


Notes: 


a. Profile developed from State Route 91 WB Arlington Avenue on-ramp level. 


b. Maximum to minimum values shown from test results and average values are presented in parentheses for SPT N-value 
and moisture content. 


c. If maximum and minimum values are shown, ultimate shear strength and elastic modulus values used for analyses are 
presented in parentheses.  


d. Total unit weight developed from laboratory in-situ water content and dry unit weight data. 


e. If not tested, effective friction angle for coarse-grained soils interpreted from correlations with SPT blow counts (Peck, 
Hanson and Thornburn, 1973). 


f. If not tested, effective cohesion for fine-grained soils interpreted from relationship between overburden stress and c’ (Mesri 
and Abdel-Ghaffar, 1993 as reproduced in FHWA, 2002). 


g. If not tested, effective friction angle for fine-grained soils interpreted from relationship between plasticity index and φ’ 
(Terzaghi, Peck and Mesri, 1996 as reproduced in FHWA, 2002). 


h. Elastic Modulus interpreted from the relationship between soil type and relative density/consistency (FHWA, 2002). 


 


3.1.8.3.2 Cuts and Excavation 


Based on the findings of our investigation, a Cal/OSHA Soil Type B can be assumed for the alluvium. It 


should be noted that this assessment of Cal/OSHA soil type for temporary excavations is based on 


engineering classifications of material encountered in widely spaced explorations. The contractor should 


have a geotechnical or geological professional evaluate the soil conditions encountered during excavation 


to determine permissible temporary slope inclinations. 


3.1.8.3.3 Embankments 


Backfill on the order of 4 to 10 feet high shall be placed behind the new retaining wall to complete the 


construction. Soils below the project site generally consist of medium dense to very dense clayey sand 


and very stiff to hard sandy clay. 


In the absence of groundwater, settlement due to placement of the wall backfill is expected to be the result 


of elastic settlement and should be completed during construction. Our settlement evaluation is based on 


soil types encountered during this investigation and derived from existing correlation of elastic modulus 


with SPT blow counts. The parameters used in the settlement calculations are presented in Table 3.1.8.3. 


Immediate settlement is estimated to be less than ¼ inch as shown in calculations presented in Appendix 


C. Because settlement is anticipated to be immediate settlement, no waiting period is deemed necessary. 
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3.1.8.3.4 Slope Stability 


The slope stability analyses were completed for the proposed maximum wall height of 10 feet. The 


parameters used in the slope stability analyses are presented in Table 3.1.8.3. A summary of the stability 


results is presented in Table 3.1.8.4. Appendix C provides computer output and graphical results of the 


slope stability analyses. Results of the analyses indicate that the factors of safety meet the accepted 


minimum for a stable slope under static and pseudo static loading conditions. 


Table 3.1.8.4 - Summary of Slope Stability Analysis 


Factor of Safetya 


Location 
Staticb Pseudostaticc 


10STWBON1 Line Station 


387+75 
3.22 2.64 


Notes: 


a. Subsurface conditions interpreted to be relatively uniform. 


b. Adopts ultimate shear strength parameters. 


c. Seismic coefficient = 0.147g 


 


3.1.8.3.5 Corrosion 


Corrosivity testing was completed as part of this investigation to assess the corrosion potential of the 


soils. The results of the corrosion testing are presented in table 3.1.8.5. 


Table 3.1.8.5 - Summary of Corrosivity Test Results 


Boring 
Depth                  
(ft) 


Elevation                
(ft MSL) 


pH                  


Threshold ≤≤≤≤ 5.5 


Resistivity    
(Ohm-cm)                    


Threshold ≤≤≤≤ 1,000 


Sulfate Content 
(ppm)                    


Threshold ≥≥≥≥ 2,000 


Chloride  Content 
(ppm)    


Threshold ≥≥≥≥ 500 


A-07-187 0-5.0 852.0-847.0 7.9 3,500 648 300 


Notes: 


a. ppm = parts per million 


b. ohm-cm = ohm-centimeter 


c. Resistivity is not a corrosion criterion, but an indicator of soluble salts per Caltrans Corrosion Guidelines (2003) 


 


Based on the results of the corrosivity testing, the site is interpreted to be non-corrosive in accordance 


with the Caltrans Corrosion Guidelines (Caltrans, 2003). 
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3.1.8.4 Shallow Foundations 


3.1.8.4.1 Bearing Capacity 


To provide a uniform bearing material, the upper 1 foot of subgrade soil below the shallow foundations 


should be removed and recompacted to 95% relative compaction before the construction of the retaining 


wall. Ultimate and allowable bearing capacity calculations are provided in Appendix C. Based on these 


calculations, the allowable bearing capacity exceeds the maximum toe pressure for Caltrans Standard 


Type 1 retaining walls. Minimum footing embedment should conform to Caltrans Standard Plan (2006) 


for Type 1 retaining walls. For load factor design, an ultimate bearing pressure equal to three times the 


allowable bearing pressure may be used for footings. The bottoms of footing elevations used in our analyses 


are estimated based on preliminary plans. This office should be notified when the final design elevations 


become available and modifications of our recommendations may be necessary.  


Total and differential settlements of less than ½ and ¼ inch, respectively, are estimated for the retaining 


wall under the fully applied allowable bearing pressure recommended above. 


3.1.8.4.2 Lateral Load Resistance 


Resistance to lateral loads may be developed by a combination of friction acting at the base of the footing 


and passive earth pressure developed on the sides of the embedment below grade. An ultimate passive 


pressure of 410 pounds per cubic foot (pcf) and an ultimate coefficient of friction of 0.40 with a factor of 


safety of 1.5 can be used for design. Passive pressure and friction may be used in combination for 


resistance against sliding, provided that the passive pressure is limited to one-half of the recommended 


value in evaluating the resistance to lateral loads. 


3.1.8.5 Lateral Earth Pressure 


The lateral earth pressure in the form of an equivalent fluid pressure (based on a bulk soil unit weight of 


120 lb/ft
3
) as shown in Table 3.1.8.6 may be used to estimate lateral earth pressures against retaining 


walls exerted by structure backfill. 


Table 3.1.8.6 - Lateral Earth Pressures 


Backfill Inclination Lateral Earth Pressure Condition Equivalent Fluid Weight (lb/ft3) 


Level Active 34 


 


The recommended value presented in Table 3.1.8.6 does not include hydrostatic forces (e.g., standing 


water in the backfill material) and other surcharge loads resulting from foundations, structures, and 


traffic. Weepholes and a wall drain with filter/drainage materials should be provided similar to those 


shown on the Caltrans Standard Plans. Lateral pressures resulting from a uniform vertical surcharge 


behind the wall should be added as a horizontal pressure with a rectangular distribution and calculated 


using a lateral earth pressure coefficient of 0.30 for the retaining walls. Surcharges that are set back 


behind the wall a horizontal distance greater than the exposed wall height do not need to be added to the 


design pressures. 
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3.2 SUMMARY 


A summary of our recommendations for the retaining walls discussed above are provided in Tables 8.3A 


and 8.3B. 
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Table 8.3A Summary of Recommendations for Retaining Walls on Westbound SR-91 


Wall No. 
Location (Referencing  SR-91 


Centerline) 
Wall Type 


Foundation 
Type 


Length 
(feet) 


Retaining 
Wall 
Height 
(feet) 


Approximate 
Bottom of 
Footing 


Elevation b           
(ft MSL) 


Retained 
Slope 


Condition    
(H:V) 


Wall 
Footing on 
a Slope? 


Depth of 
Remedial 
Grading 
below 
footing            
(feet) 


Pertinent 
Borings 


RW 335 


Station 337+28 LT 600 to Station 


341+57 LT 77 (“2MT1 Line” Station 


70+50 LT 18 to Station 77+32 


LT 18) 


Special 


Design 


Wall 


Deep 


Foundation 
682 4-14 861-867 Level 


Yes                   


1.5:1 (H:V) 
NA 


R-07-162               


R-07-164                             


B-3 a                             


B-4 a 


RW 339 


Station 338+77 LT 280 to Station 


340+52 LT 75 (“2MT1 Line” Station 


74+00 51RT to Station 76+71 51RT) 


Special 


Design 


Wall 


Deep 


Foundation 
271 4-24 849-864 Level 


Yes                   


1.5:1 (H:V) 
NA 


R-07-162               


R-07-164       


B-3 a                                    


B-4 a 


RW 379 


Station 377+30 LT 165 to Station 


379+85 LT 130 (“14WBOFF1 Line” 


Station 377+65 14LT to Station 


380+11 8LT) 


Type 1 
Shallow  


Foundation 
246 4-12 860-866 Level  No 1 A-07-183 


RW 385 


Station 384+98 109 LT to Station 


385+67 292 LT (Wall LOL Station 


384+98 to Station 386+93) 


Type 1 
Shallow 


Foundation 
195 4-16 847-855 Level No 1 


A-07-183                


A-07-187                


RW 387 


Station 385+60 108LT to Station 


390+10 215LT (“10STWBON1 Line” 


Station 385+50 29LT to Station 


390+30 48LT 


Type 1 
Shallow 


Foundation 
480 4-10 852-854 Level No 1 


A-07-187                          


A-07-189 


Notes: 


a. As- built borings from Pachappa Underpass Log of Test Borings.  


b. NA = Not Applicable 
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Table 8.3B Summary of Recommendations for Retaining Walls on Eastbound SR-91 


Wall No. 
Location (Referencing  SR-91 


Centerline) 
Wall Type 


Foundation 
Type 


Length 
(feet) 


RW 
Height 
(feet) 


Approximate 
Bottom of 
Footing 


Elevation b           
(ft MSL) 


Retained 
Slope 


Condition     
(H:V) 


Wall 
Footing on 
a Slope? 


Depth of 
Remedial 
Grading 
below 
footing            
(feet) 


Pertinent 
Borings 


RW 190 
Station 190+50 RT 105 to Station 


195+75 RT 130 
Type 1 


Shallow 


Foundation 
525 4-8 841-843 Level No 1 


A-07-103   


A-07-104 


RW 342 


Station 342+31 RT 80 to Station 


345+50 RT 280 (2MT2 Line” Station 


79+25 RT 17 to Station 82+87 RT 


17) 


Special 


Design 


Wall 


Shallow 


Foundation 
362 4-32 848-868 Level 


Yes                   


2:1 (H:V) 
1 


R-07-163                            


R-07-165                    


B-2 a                                        


B-5 a 


RW 344A 


Station 343+60 RT 80 to Station 


345+50 RT 190 (“2MT2 Line” Station 


80+04 LT 62 to Station 82+30 LT 


62) 


Special 


Design 


Wall 


Shallow 


Foundation 
226 4-32 861-870 Level 


Yes                   


2:1 (H:V) 
1 


R-07-163                            


R-07-165                           


B-2 a                                        


B-5 a 


Notes: 


a. As- built borings from Pachappa Underpass Log of Test Borings.  
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SECTION 4 CONSTRUCTION CONSIDERATIONS 


The contractor should conform to all applicable occupation and health standards, rules, regulations and orders 


established by the State of California. Specifically, the contractor should provide details of shoring, bracing, 


sloping or other provisions for worker and public protection during excavations as provided in Section 5-


1.01A of Caltrans Standard Specifications. 


4.1 CONSTRUCTION ADVISORIES 


1. The contractor should be made aware that utility lines are known to be immediately adjacent to 


the back edge of the proposed retaining walls and sound walls along the project alignment. These 


utility lines may be non-yielding and their tolerance of soil movement during excavation may be 


low. Consequently, it is the responsibility of the contractor to notify and coordinate with the 


Underground Services Alert (USA) and to obtain all available as-built utility plans before any 


proposed earthwork. All active or inactive utilities within the construction limits should be 


identified for relocation, abandonment, or protection prior to grading. Any pipelines greater than 


2 inches in diameter to be abandoned in-place should be filled with sand/cement slurry after their 


locations are reviewed and approved by the resident engineer. 


2. Based on the findings of our previous field investigation and review of available information 


along the project alignment, groundwater is not anticipated within the pertinent depth of the 


retaining wall construction.  


3. The subsurface materials to be excavated or drilled into are fill and alluvium consisting generally 


of granular materials ranging from loose to very dense in consistency. Excavations are not 


anticipated to be difficult with a proper choice of equipment.  


4. During excavations, erosion and surficial sloughing may occur. Excavations during wet seasons 


will require erosion protection. If caving or sloughing of the exposed face material occurs, the 


contractor should stabilize the slope face with method approved by the resident engineer.  


5. Considering the findings from our subsurface explorations, pile driving is not anticipated to be 


difficult with a proper choice of equipment. However, to ensure a proper execution during 


construction, the geotechnical engineer should review the driving equipment and method 


proposed by the contractor. 


4.2 CONSTRUCTION CONSIDERATIONS THAT INFLUENCE DESIGN 


1. Design of the retaining walls is based on free draining backfill material. Adequate draining 


should be provided to prevent build up of hydrostatic pressure behind the wall.  


2. The retaining wall lateral earth pressures do not account for stresses due to compaction 


equipment. Heavy construction equipment should not be allowed to operate within 5 feet of the 


wall, or a horizontal distance equal to one-half of the wall height, whichever is larger. Hand-


operated equipment (plate tampers or walk-behind rollers) may be used to compact the backfill 


within this distance. 
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3. The stability of the fill slopes is based on the assumption that the import fill material meets 


specific strength requirements. For slope stability purposes, the imported fill materials need to 


have a minimum friction angle of 34
o
. These shear strength parameters should be verified during 


construction. 


4. Selection of shoring system, if needed, depends largely upon the acceptance criteria for deflection 


of the retained excavation and for settlement of ground adjacent to the shoring. The selected 


system will be subjected to lateral earth pressures from both of the retained earth materials and 


surcharge loads from the vehicular traffic, Cooper E80 railroad loading and structures above. The 


shoring design should conform to Caltrans Trenching and Shoring Manual. Cantilevered shoring 


can be utilized if some deflection is acceptable. Where shoring is used to support adjacent traffic 


or structures where excessive deflection cannot be tolerated, a braced or tieback shoring system 


should be used. Maximum settlement generally occurs immediately behind the shoring, and 


becomes negligible beyond a distance equal to the height of the excavation. Maximum settlement 


is estimated to be about 75% of the horizontal deflection, and should be limited to ¼ inch or less 


at all times. The Resident Engineer should monitor deflection of the shoring system on a regular 


basis throughout the course of construction. 


4.3 CONSTRUCTION CONSIDERATIONS THAT INFLUENCE 


SPECIFICATIONS 


1. Retaining walls should be installed by a qualified Contractor who has prior successful experience 


in constructing walls of similar size under similar subsurface conditions. 


2. In areas where shoring is being used and the earth materials to be retained are predominantly 


granular in nature, continuous lagging may be required between shoring to reduce the likelihood 


of local raveling and sloughing. If lumber lagging is selected, all lumber to be left in place should 


be pressure-treated. Backpacking or slurry may be required behind lagging to support adjacent 


facilities and utilities, or where excessive sloughing and caving are encountered. The contractor 


should provide design details of shoring, bracing, sloping or other provisions for worker 


protection in accordance with the Caltrans Trenching and Shoring Manual. 


3. Based on the settlement analyses, a small amount of settlement is estimated after placement of the 


backfill prism behind the retaining walls. The calculated settlement is generally within the 


tolerance of roadways and should be completed during construction. As a result, there is no 


settlement period requirement for the subject retaining walls.  


4. Contamination study is not within the scope of services of this investigation. If contamination is 


encountered in excavations, the excavated soils should be removed and disposed of properly in 


accordance with appropriate environmental protocols. 


5. The Nominal Resistance shown in the pile data tables should be used as the bearing value for 


piles in the Gates Formula described in Section 49-1.08 of the Amendments to May 2006 


Standard Specifications in determining pile acceptance. If the specified tip elevation is reached 


before accomplishing the bearing value, pile driving should continue until such value is achieved. 
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4.4 PRECONSTRUCTION SURVEY AND CONSTRUCTION MONITORING 


Prior to any site work and excavations, conditions of existing structures and improvements should be 


surveyed and photo/video documented. A survey of all structures and improvements that are to be left in 


place, which are within a distance equal to two times the height of the excavations, including backcuts for 


retaining walls, should be performed prior to excavation and monitored during excavations. 


Final Project Plans and Specifications should be reviewed prior to construction to confirm that the full 


intent of the recommendations presented in our final Geotechnical Design Report and this addendum has 


been applied to the design and that the recommendations presented are applicable to the final scope of the 


project. Following review of Plans and Specifications, sufficient and timely observations during 


construction should be performed to correlate findings of the investigation with actual subsurface 


conditions exposed during the construction. Observation and testing by a qualified geotechnical 


consultant should be performed during construction. 


4.5 DIFFERING SITE CONDITIONS 


Soil and groundwater conditions were observed and interpreted at the exploration locations only. This 


information was used as the basis of analyses and recommendations provided herein. Conditions may 


vary between the exploration locations and seasonal fluctuations in the groundwater level may occur due 


to variations in rainfall and local groundwater management practices. If conditions encountered during 


construction differ from those described herein, this office should be notified and modifications of our 


recommendations may be necessary. 
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SECTION 5 UNCERTAINTIES AND LIMITATIONS 


This report presents recommendations pertaining to the subject site based on the assumption that the 


subsurface conditions do not deviate appreciably from those disclosed by the exploratory borings. In view 


of the general geology of the area, the possibility of different conditions cannot be discounted. Any 


deviation or unexpected conditions observed during construction should be brought to the attention of the 


Geotechnical Engineer. In this way, any required supplemental recommendations can be made at a 


minimum of delay to the Contractor. 


Professional judgments presented in this report are based on evaluations of the technical information 


gathered, on our understanding of the proposed construction, and on our general experience in the 


geotechnical field. We do not guarantee the performance of the project in any respect, only that our 


engineering work and judgments rendered meet the standard of care in our profession at this time and 


location.
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FIELD EXPLORATION 


Our previous field investigation was performed from November 6, 2007 to March 7, 2008. A site 


reconnaissance was performed by a URS engineer prior to the field investigation to identify exploratory 


locations. The exploratory locations for the project were marked in the field by URS from existing site 


features. URS notified Underground Service Alert (USA) so that they could coordinate with various 


utility companies to locate and clear existing underground lines in the vicinity of the planned exploration.  


Subsurface exploration included drilling and sampling of ninety one (91) borings (A-07-101 through A-


07-191) in the area of the proposed retaining walls and soundwalls. Caltrans drilling crews completed 


drilling 72 borings between November 6, 2007 and February 14, 2008, and Tri-County, Inc completed 


drilling the remaining 19 borings between February 19 and March 7, 2008. 


The exploratory locations were typically planned along the alignment of the retaining walls and 


soundwalls. Placement of the exploratory locations was constrained by access, personnel safety, conflict 


with underground utility lines and traffic control. The borings were drilled to depths ranging from 6.6 feet 


to 80.6 feet below the existing freeway surface and surrounding grade at elevations ranging from 814.0 


feet to 931 feet. Caltrans drilled most of their borings using a truck-mounted CS2000 drill rig, and with 


the remaining borings using either a truck mounted CME 85, Mobil B47 or Acker drill rig. Tri-County, 


Inc drilled their borings using a Diedrich D-120 drill rig. The approximate locations of the relevant 


borings are shown on Figures 2a through 2e. 


Pertinent boring locations and elevations are presented in Table A-1. Boring Records with a key 


explaining the descriptions and symbols used are presented in Appendix A.  


Table A-1 Summary of Exploration Locations and Elevations 


Boring No. 
Depth            


(feet) 


Station Along 


Centerline of SR-91 


(feet) 


Offset      


(feet) 


Elevation       


(feet, MSL) 


A-07-103 31.5 194+40 53 RT 861.9 


R-07-104 51.5 196+80 53 RT 866.8 


R-07-162 51.5 337+55 54 LT 861.7 


R-07-163 32.5 340+90 55 RT 851.7 


R-07-164 41.5 343+75 52 LT 846.5 


R-07-165 48.0 344+65 54 RT 841.2 


R-07-183 65.0 377+75 175 LT 860.5 


A-07-187 31.5 388+30 94 LT 852.0 


A-07-189 51.5 393+70 110 LT 869.1 


 


URS geotechnical representative maintained field boring logs and visually classified the soils according 


to the Caltrans Soil and Rock Logging Classification Manual (June 2007). Standard Penetration Testing 
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(SPT) was performed in the subsurface soils using a 140-pound automatic-tripped hammer or a safety 


hammer (B-47) with a 30-inch drop. The number of blows required to drive the sampler was recorded at 


152-mm (6-inch) intervals for each sample taken. SPT was performed in accordance with ASTM D1586 


procedures. The total number of blows required to drive the sampler the last 12 inches is recorded on the 


log of borings.  


Geotechnical samples obtained in the field were carefully sealed and packaged to reduce moisture loss 


and disturbance and were transported to our laboratory for further testing. After completion of drilling and 


sampling operations, borings were backfilled with grouts to the ground surface. The cuttings generated by 


drilling were drummed and disposed of off-site. 


The blow count for the final 12 inches of sampler penetration is commonly referred to as the "N-value".  


This value generally reflects the resistance to penetration of the soil at the sample depth. The degree of 


relative density of granular soils and the degree of consistency of cohesive soils are generally described 


on the Boring Records according to the conventional correlation presented in key of the log of boring. 


The relative density and consistency descriptions for coarse-grained soils on the attached log of boring are 


based on corrected Standard Penetration Test (SPT) N60 value as described below. 


N60 = Nmeasured x (ERi/60) 


where,   


ERi = Hammer energy ratio 


Hammer energy ratio of each borings are presented on Figures 2a through 2f. These numbers are 


considered useful in providing an estimate of the relative density or consistency of coarse-grained soils. 


The relative density and consistency descriptions on the log may deviate from the correlation for a 


number of reasons, including reliance on other test results or the engineer’s judgment based on manual 


manipulation of the sample.   


It is widely accepted that the above-listed SPT blow count correlation is overly simplistic. For most 


applications in non-gravelly soils, the blow count is usually adjusted for the effective vertical pressure at 


the sampling depth and for other sampling system parameters such as the efficiency of the sampling 


system and/or sampling techniques used.  In gravelly soils, it is recognized that the blow counts are higher 


than would be expected in non-gravelly soils of similar density or consistency. This occurs because the 


sampler tends to push larger gravel clasts ahead of it. The area of the gravel clast may be significantly 


greater than that of the sampler, causing increased resistance and higher blow counts. 
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Crumbles or breaks with handling or
little finger pressure.


Will not crumble or break with finger
pressure.


1.0 - 2.0
> 2.0


Weak


Moderate


Coarse
No. 4 Sieve to 3/4 inchFine


Coarse
Cobble


PLASTICITY OF FINE-GRAINED SOILS


Project Number:    30989802


Particles are present but estimated
to be less than 5%


0.25 - 0.50


Low


Very Stiff
Hard


Medium Stiff 0.50 - 1.0 0.50 - 1.0 0.25 - 0.50


< 0.12
0.12 - 0.25


SPT N60 - Value (blows / foot)


0.25 - 0.50Soft


Pocket
Penetrometer (tsf)


2.0 - 4.0
> 4.0


2.0 - 4.0
> 4.0


< 0.25
Easily penetrated several inches by thumb


PERCENT OR PROPORTION OF SOILS


Can be penetrated several inches by thumb
with moderate effort


Torvane (tsf)
Unconfined Compressive
Strength (tsf) Field Approximation


Damp but no visible water


Dry


Project:   State Route 91 Retaining Walls and Soundwalls


Readily indented by thumb but penetrated
only with great effort


3 to 12 inches


Loose


Very Loose


30 to 45%


Little 15 to 25%


Few 5 to 10% 3/4 inch to 3 inches


> 12 inches


Descriptor


Gravel


Trace


Criteria


Boulder


Sand
No. 10 Sieve to No. 4 Sieve


Project Location:   Retaining Wall 240, Riverside, CA


Absence of moisture, dusty, dry to the touch


Passing No. 200 Sieve
50 to 100%Mostly


Descriptor Size


CONSISTENCY OF COHESIVE SOILS


Stiff 1.0 - 2.0


Silt and Clay


The thread can barely be rolled, and the lump cannot be formed when drier than the plastic limit.


Strong


NOTE:  This legend sheet provides descriptors and
associated criteria for required soil description components
only.  Refer to Caltrans Soil and Rock Logging, Classification,
and Presentation Manual (July 2007), Section 2, for tables of
additional soil description components and discussion of soil
description and identification.


Medium


CriteriaDescriptor


Some


The thread is easy to roll, and not much time is required to reach the plastic limit; it cannot be rerolled after
reaching the plastic limit.  The lump crumbles when drier than the plastic limit.


No. 200 Sieve to No. 40 Sieve


A 1/8-inch thread cannot be rolled at any water content.


CriteriaDescriptor


Indented by thumbnail with difficulty
Readily indented by thumbnail


Easily penetrated several inches by fist


High


Nonplastic


CEMENTATION


5 - 10


Medium Dense


Dense


Descriptor


Figure A-1


Key to Log of Boring


1.0 - 2.0


31 - 50


Sheet 2 of 2


> 50


Fine
Medium No. 40 Sieve to No. 10 Sieve


Descriptor


Visible free water, usually soil is below
water table


Criteria


11 - 30


0 - 4


Wet


APPARENT DENSITY OF COHESIONLESS SOILS MOISTURE


Moist


Descriptor


0.50 - 1.0


Very Dense
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Drill Bit
Size/Type
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Backfill
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Ty
pe


S05


S04


S03


S02


S01


13


SILTY SAND (SM), medium dense, brown to light grayish brown, moist,
medium to fine SAND


ALLUVIUM (Qal):  SANDY lean CLAY (CL), very stiff, brown, moist, medium to
fine SAND, low plasticity fines


SANDY SILTY CLAY (CL-ML), hard, grayish brown, moist, trace fine
subangular GRAVEL, medium to fine SAND, low plasticity fines


... becomes very dense, brownish gray, sand grades medium to fine, with
organics; sample contains cigar wrapper


Pavement:  asphalt on base course


27


68


86/11"


34


LL=24, PI=7


Add water.


FILL (Af):  CLAYEY SAND (SC), dense, brown to dark brown, moist, coarse to
fine SAND
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Project Number:     30989802


860
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Figure A-4


Project Location:   Retaining Wall 194, Riverside, CA


Location


Sampling
Method(s)


Logged ByDate(s)
Drilled


Drill Rig
Type


Hammer Efficiency
Rating (ERi)


Mixture of bentonite chips and soil
cuttings capped with asphalt


Groundwater
Level(s)


Checked By


Hollow-Stem Auger


C. Carbino P. Yerra


Refer to Site Plan (Station 194+40)


Bulk, SPT, Modified California


Tri-County Drilling


75% (estimated)


861.9 feet


31.5 feet


Automatic hammer,
140 lbs / 30-inch dropHammer Data


3/4/08


8-inch bullet bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationDiedrich D-120
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Bottom of borehole at 31.5 feet bgs.


9.9 102


MATERIAL  DESCRIPTION


SANDY lean CLAY (CL), very stiff, brown, moist, medium to fine SAND, low
plasticity fines


REMARKS AND
OTHER TESTS
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Project Location:   Retaining Wall 194, Riverside, CA


Figure A-4
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Log of Boring A-07-103
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


... becomes very dense, trace coarse to fine angular gravel to 1 inch


Ty
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... becomes very loose, sand grades coarse to fine
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SAMPLES


CLAYEY SAND (SC), dense, brown, moist, about 70% coarse to fine SAND,
about 30% low plasticity fines


134


128


8.1


11.6


ALLUVIUM (Qal):  CLAYEY SAND (SC), loose, brown, moist, medium to fine
SAND


8.0


S05


S04


S03


S02


S01


10.5


LL=24, PI=2
... becomes very stiff, brown, moist, sand grades coarse to fine


FILL (Af):  SANDY SILT (ML), gray to brown, dry to moist, fine SAND, low
plasticity fines


Pavement:  asphalt on base course


5


47


31


42


27


DS


3500 ohm/cm
Min. Resistivity=
Chloride=165 ppm
Sulfate=ND


CR:  pH=7.9


Borehole
Backfill


WA: 31%<#200 sieve
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Drill Bit
Size/Type


Project Location:   Retaining Wall 194, Riverside, CA
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Project Number:     30989802


865
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Figure A-5


Logged By


Drill Rig
Type


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Bentonite chips capped with asphalt


Hammer Data


Refer to Site Plan (Station 196+80)


Bulk, SPT, Modified California


CalTrans


84%


866.8 feet


51.5 feet


P. YerraDate(s)
Drilled


Automatic hammer,
140 lbs / 30-inch drop


Sampling
Method(s)


1/8/08


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000







22


12


CLAYEY SAND (SC), very loose, brown, moist, coarse to fine SAND
(continued)


SANDY lean CLAY (CL), stiff, brown, dry to moist, <5% fine GRAVEL, about
35% medium to fine SAND, about 65% low plasticity fines


... becomes very stiff, less sandy


Poorly graded SAND (SP), medium dense, brown, dry to moist, trace fine
subangular GRAVEL to 1/2 inch, medium to fine SAND


Poorly graded SAND with SILT (SP-SM), dense, olive to grayish brown, dry to
moist, about 90-95% coarse to fine SAND, about 5-10% fines


SANDY SILT (ML), stiff, brown, dry to moist, fine SAND, low plasticity fines


SILTY SAND (SM), medium dense, brown, dry to moist, coarse to fine SAND
Bottom of borehole at 51.5 feet bgs.
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MATERIAL  DESCRIPTION


S07


S08


S09


S10


10.2


16.0


24


9 PA: 65%<#200 sieve


Losing water
circulation.


Sampler not lined;
retain bag sample.


Very low on drilling
water.


Terminate drilling; out
of water.
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Log of Boring R-07-104


Figure A-5


Project Location:   Retaining Wall 194, Riverside, CA
Project:   State Route 91 Retaining Walls and Soundwalls
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS


Ty
pe


FILL (Af):  CLAYEY SAND (SC), yellowish brown, dry to moist, fine SAND, low
plasticity fines


N
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r


SANDY lean CLAY (CL), very stiff, yellowish brown, moist, fine SAND, low
plasticity fines


ALLUVIUM (Qal):  Poorly graded SAND with CLAY (SP-SC), dense, yellowish
brown, moist, trace coarse to fine angular GRAVEL to 1 inch, coarse to fine
SAND


CLAYEY SAND (SC), dense, reddish brown, moist, <5% fine GRAVEL, about
55% medium to fine SAND, about 45% low plasticity fines


SANDY lean CLAY (CL), very stiff, yellowish brown, moist, fine SAND, low
plasticity fines
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Pavement:  asphalt on base course
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14.1


13.1


12.7


12.8


11.3


12.6


... becomes medium dense, about 60% medium to fine SAND, about
40% fines


S05


S04


S03


S02


S01


Min. Resistivity=


33


37


20


22


21


PA: 45%<#200 sieve
DS


LL=25, PI=12


3600 ohm/cm


Chloride=75 ppm
Sulfate=ND


CR:  pH=9.7


WA: 38%<#200 sieve


Log of Boring R-07-162
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Refer to Site Plan (Station 337+55)


Figure A-63R
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Project Location:   Retaining Wall 337, Riverside, CA


Checked By


Bulk, SPT, Modified California


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Drill Rig
Type
Groundwater
Level(s)


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


84%


861.7 feet


51.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


1/17/08Date(s)
Drilled


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)


Logged By
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SANDY lean CLAY (CL), very stiff, yellowish brown, moist, fine SAND, low
plasticity fines (continued)


Poorly graded SAND with CLAY (SP-SC), dense, yellowish brown, moist, trace
GRAVEL, coarse to fine SAND


SILTY SAND (SM), very dense, yellowish brown to brown, moist, about
85% coarse to fine SAND, about 15% nonplastic fines


CLAYEY SAND (SC), medium dense, yellowish brown, moist, fine SAND, low
plasticity fines


... becomes very dense, with iron oxide staining


Bottom of borehole at 51.5 feet bgs.
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REMARKS AND
OTHER TESTS


MATERIAL  DESCRIPTION
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smashed in sampler
for all remaining Mod
Cal samples.


WA: 17%<#200 sieve
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Figure A-63


Project Location:   Retaining Wall 337, Riverside, CA
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Ty
pe


SANDY lean CLAY (CL), stiff, brown, moist, fine SAND, low plasticity fines


ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, reddish brown,
moist, about 75% medium to fine SAND, about 25% low plasticity fines


SANDY lean CLAY (CL), very stiff, brown, moist
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FILL (Af):  SANDY lean CLAY (CL), reddish brown, moist, few GRAVEL, fine
SAND
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8.3


12.1
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... becomes brown, sand grades coarse to fine sand
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S02


S01


3100 ohm/cm


Pavement:  asphalt on base course


9


19


19


32


22


WA: 27%<#200 sieve


PA: 31%<#200 sieve


Min. Resistivity=
Chloride=180 ppm
Sulfate=ND


CR:  pH=9.4


CLAYEY SAND (SC), dense, reddish brown, moist, about 5% fine GRAVEL,
about 65% medium to fine SAND, about 30% low plasticity fines


DS


Log of Boring R-07-163
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Figure A-64R
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Project Number:     30989802


850


845


840


835


830


825


Project Location:   Retaining Wall 338, Riverside, CA


Groundwater
Level(s)


Refer to Site Plan (Station 340+90)Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Date(s)
Drilled


Drill Rig
Type


Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


1/31/08


Bulk, SPT, Modified California


CalTrans


87%


851.7 feet


32.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


A. BurciagaLogged By


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCME 85


Sampling
Method(s)
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Bottom of borehole at 32.5 feet bgs.


15.7 116


SANDY lean CLAY (CL), stiff, brown, moist, fine SAND, low plasticity fines
(continued)
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Ty
pe


REMARKS AND
OTHER TESTS


11


Project Location:   Retaining Wall 338, Riverside, CA


Figure A-64
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Log of Boring R-07-163







Ty
pe


CLAYEY SAND (SC), dense, yellowish brown to brown, dry to moist,
<5% coarse to fine GRAVEL to 1 inch, about 55% medium to fine SAND,
about 45% low plasticity fines
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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... becomes hard, with lenses of coarse to fine sand


ALLUVIUM (Qal):  SANDY lean CLAY (CL), very stiff, yellowish brown, dry to
moist, fine SAND, low to medium plasticity fines
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SAMPLES


Poorly graded SAND with CLAY (SP-SC), very dense, yellowish brown, dry to
moist, coarse to fine SAND


1248.8


13.4


3.9


13.0


S05


S04


S03


S02


S01A


S01B


6.9


PA: 47%<#200 sieve


... trace coarse to fine gravel to 1 inch


... becomes yellowish brown to brown


FILL (Af):  SANDY lean CLAY (CL), medium stiff, brown to gray, dry to moist,
fine SAND, low plasticity fines


Pavement:  asphalt on base course


30


54


27


15


LL=42, PI=19


3000 ohm/cm
Min. Resistivity=
Chloride=75 ppm
Sulfate=ND


CR:  pH=7.8
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Figure A-65
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Project Number:     30989802


845


840


835


830


825


820


Project Location:   Retaining Wall 343, Riverside, CA


Refer to Site Plan (Station 343+75)


Drill Rig
Type


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Logged ByDate(s)
Drilled


Groundwater
Level(s)


Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type 4.5-inch finger bit 41.5 feet


P. Yerra


84%


Automatic hammer,
140 lbs / 30-inch drop


CalTrans


Hammer DataBulk, SPT, Modified California


846.5 feet


1/17/08


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)
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SANDY lean CLAY (CL), hard, yellowish brown, dry to moist, fine SAND, low
to medium plasticity fines, lenses of coarse to fine SAND (continued)


... becomes very stiff


Poorly graded SAND with SILT (SP-SM), very dense, grayish brown, dry to
moist, coarse to fine SAND, iron oxide stains


Figure A-65


Project Location:   Retaining Wall 343, Riverside, CA
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... becomes very dense


... becomes dense


CLAYEY SAND (SC), very dense, brown, moist, about 60% coarse to fine
SAND, about 40% low plasticity fines


... becomes very stiff


ALLUVIUM (Qal):  SANDY lean CLAY (CL), hard, brown, moist, about
40% medium to fine SAND, about 60% low to medium plasticity fines
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FILL (Af):  CLAYEY SAND (SC), medium dense, brown, moist, <5% fine
angular GRAVEL to 3/4 inch, about 55% medium to fine SAND, about
45% low plasticity fines 13.7
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3300 ohm/cm
Min. Resistivity=
Chloride=315 ppm
Sulfate=240 ppm


CR:  pH=6.6


Concrete approx. 13 inches thick


PA: 60%<#200 sieve


Log of Boring R-07-165


0


5


10


15


20


25


30


Project:   State Route 91 Retaining Walls and Soundwalls


Sheet 1 of 2


Figure A-66R
ep


or
t: 


G
E


O
_1


0_
S


N
A


_C
T;


  F
ile


: S
N


A
_S


R
91


W
A


LL
.G


P
J;


  9
/1


4/
08


  R
-0


7-
16


5


Project Number:     30989802


840


835


830


825


820


815


Project Location:   Retaining Wall 344, Riverside, CA


Groundwater
Level(s)


Drill Rig
Type


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with concrete Refer to Site Plan (Station 344+65)


Date(s)
Drilled Checked By


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


1/23/08


Bulk, SPT, Modified California


CalTrans


84%


841.2 feet


48.0 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


Logged By


4.5-inch finger bit


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)
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fine GRAVEL to 1-1/2 inches, coarse to fine SAND


Bottom of borehole at 48.0 feet bgs (refusal).
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plasticity fines, root traces


SANDY lean CLAY (CL), very stiff, reddish brown, moist, about 45% medium
to fine SAND, about 55% medium plasticity fines


Lean CLAY with SAND (CL), stiff, brown, moist, fine SAND, medium plasticity
fines


SILTY SAND (SM), medium dense, dark brown, moist, about 75% coarse to
fine SAND, about 25% fines


G
ra


ph
ic


 L
og


D01


Total Depth
of Borehole


M
oi


st
ur


e
C


on
te


nt
, %


D
ep


th
,


fe
et


D
ry


 U
ni


t
W


ei
gh


t, 
pc


f


E
le


va
tio


n,
fe


et


SAMPLES


D
ril


lin
g 


M
et


ho
d


ALLUVIUM (Qal):  CLAYEY SAND (SC), dense, brown, dry, <5% fine
GRAVEL, about 50% medium to fine SAND, about 50% medium plasticity
fines


S
am


pl
in


g
R


es
is


ta
nc


e,
bl


ow
s/


fo
ot


95


105


25.8


10.7


5.9


... increasing fines
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WA: 53%<#200 sieve


Push sampler S04.
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PA: 49%<#200 sieve


3100 ohm/cm
Min. Resistivity=
Chloride=90 ppm
Sulfate=ND


CR:  pH=7.6


WA: 23%<#200 sieve
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Project Location:   Retaining Wall 375, Riverside, CA


Checked By


Bulk, SPT, Modified California


D. Wader


Location Hammer Efficiency
Rating (ERi)


Bentonite chips capped with asphalt


Drill Rig
Type
Groundwater
Level(s)


Rotary WashDrilling
Method


Drill Bit
Size/Type


Borehole
Backfill


4.5-inch finger bit


CalTrans


84%


860.5 feet


65.0 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


12/18/07Date(s)
Drilled


Not encountered


Drilling
Contractor


Surveyed Ground
Surface ElevationCS2000


Sampling
Method(s)


Logged By







... coarse gravel at tip of sampler


Quartz gravel or
cobble fragments in
sample.


Sampler bouncing at
65 ft; no penetration.
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CLAYEY SAND (SC), very dense, reddish brown, moist, fine SAND, low
plasticity fines, root traces (continued)


SILTY SAND (SM), dense, dark olive brown, moist, about 80% medium to fine
SAND, about 20% fines


Poorly graded SAND (SP), dense, grayish brown, moist, coarse to fine SAND,
trace fines


CLAYEY SAND (SC), dense, grayish brown, moist, fine SAND


Ty
pe


S06


SANDY lean CLAY (CL), very stiff, brown, moist, fine SAND, low plasticity
fines


Poorly graded SAND with SILT (SP-SM), very dense, grayish brown, moist,
medium to fine SAND


Bottom of borehole at 65.0 feet bgs.


Poorly graded SAND with SILT and GRAVEL (SP-SM), very dense, grayish
brown, moist, coarse to fine GRAVEL, coarse to fine SAND


Drilling becomes
extremely hard.
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Discontinue use of
Mod Cal sampler.
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Figure A-84


Project Location:   Retaining Wall 375, Riverside, CA
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Chloride=300 ppm
Sulfate=648 ppm


CR:  pH=7.9


PA: 61%<#200 sieve


108


4.3
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4.4


3.6


3.4


Pavement:  asphalt on base course


Ty
pe


CLAYEY SAND (SC), very dense, brown, dry, about 70% medium to fine
SAND, about 30% low plasticity fines


... becomes hard


SANDY SILT (ML), very stiff, brown, dry to moist, about 40% fine SAND, about
60% nonplastic fines


Min. Resistivity=


ALLUVIUM (Qal):  CLAYEY SAND (SC), medium dense, brown, moist, fine
SAND, low plasticity fines, trace rootlets


3500 ohm/cm


71


50/5"


24


55


12


WA: 32%<#200 sieve


No recovery. Same
material as above in
cuttings.


... becomes dense, dry to moist, no rootlets


Drill Rig
Type


Surveyed Ground
Surface ElevationDiedrich D-120


Sampling
Method(s)


Date(s)
Drilled


8-inch bullet bit


C. Carbino


Location Hammer Efficiency
Rating (ERi)


Mixture of bentonite chips and soil
cuttings capped with asphalt


Logged By


75% (estimated)
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S03


S02


S01


D01


Refer to Site Plan (Station 388+30)


Drilling
Contractor Tri-County Drilling


Not encountered


852.0 feet


31.5 feet


P. Yerra


Automatic hammer,
140 lbs / 30-inch dropHammer Data


2/29/08


Bulk, SPT, Modified California
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REMARKS AND
OTHER TESTS


CLAYEY SAND (SC), very dense, brown, dry, about 70% medium to fine
SAND, about 30% low plasticity fines (continued)


Project Location:   Retaining Wall 389, Riverside, CA


Figure A-88
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CLAYEY SAND (SC), dense, light brown, moist, mostly medium SAND


Poorly graded SAND (SP), dense, reddish brown, dry, coarse to medium
SAND


... becomes moist, abundant pinhole pores, no rootlets


Lean CLAY with SAND (CL), very stiff, light brown, dry, about 20% medium to
fine SAND, about 80% fines, trace rootlets


ALLUVIUM (Qal):  CLAYEY SAND (SC), dense, light brown, dry, trace fine
GRAVEL, medium to fine SAND
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P. Yerra
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CalTrans
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P. Chau
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Hammer Efficiency
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Logged By


Groundwater
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Checked By


Hollow-Stem AugerDrilling
Method
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OTHER TESTS


45


CLAYEY SAND (SC), dense, light brown, moist, fine SAND (continued)


... sand grades medium to fine, abundant pinhole pores


SANDY lean CLAY (CL), very stiff, brown with reddish brown mottling, dry,
about 35% medium to fine SAND, about 65% fines


CLAYEY SAND (SC), very dense, reddish brown, moist, trace fine GRAVEL,
medium to fine SAND


Bottom of borehole at 51.5 feet bgs.
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LABORATORY TESTING 
 


Geotechnical soil samples obtained from the boring were carefully sealed and packaged in the field to 


reduce moisture loss and disturbance.  The samples were subsequently delivered to our laboratory where 


they were further examined and classified.  Selected representative samples were tested to evaluate 


moisture content, in-situ dry density, fines content, Atterberg limits, shear strength, compressibility, and 


corrosivity of the soils.  All tests discussed below were performed in accordance with the latest American 


Society of Testing and Materials (ASTM) and California Test Method (CTM) guidelines. 


 


Moisture Content (ASTM D2937) Tests 


The moisture content and density tests were performed on selected soil samples obtained from the 


borings. The moisture content and dry density tests were performed in accordance with ASTM Test 


Methods D 2216 and 2937, respectively.  The results of these tests are presented on the Log of Borings. A 


summary of the results is shown in Table B-1, Summary of Soil Laboratory Data. 


 


Atterberg Limits Tests (ASTM D4318) 


Atterberg Limits test was performed to aid in classification and to evaluate the plasticity characteristics of 


fine-grained materials encountered in the borings.  The test was performed in accordance with ASTM 


Test Method D 4318.  The results of these tests are presented on the Log of Borings. A summary of the 


results is shown in Table B-1, Summary of Soil Laboratory Data.  A summary plot is presented in 


Plasticity Charts. 


Wash Analysis (ASTM D1140) 


Percent passing no. 200 sieve tests were performed on selected soils samples obtained from the borings.  


These tests were performed to aid in classification of the soils and to help in evaluating the liquefaction 


potential of the soils.  The tests were performed in accordance with ASTM Test Method D 1140.  A 


summary of the results are presented on the Log of Borings and in Table B-1, Summary of Soil 


Laboratory Data.  


Particle Size Analysis (ASTM D422) 


Tests were performed to determine the particle size distribution of selected soil samples. These tests were 


performed in accordance with ASTM Test Method D 422. A summary of the results are presented on the 


Log of Borings and in Table B-1, Summary of Soil Laboratory Data. Test results are presented in Particle 


Size Distribution Curves.  


Corrosivity Tests (CTM417, 422, 532 and 643) 


Selected representative samples obtained from the boring were tested for corrosion.  Determination of the 


soluble sulfate and water-soluble chloride content of on-site soils were performed in accordance with 


CTM Test Method 417 and 422. Minimum resistivity and pH testing were conducted in accordance with 


CTM Test Method 532 and 643. The results of these tests are presented on the Log of Borings. A 


summary of the results is shown in Table B-1, Summary of Soil Laboratory Data. 
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Direct Shear Tests (ASTM D3080) 


Consolidated-drained (saturated) direct shear tests were performed on selected undisturbed samples to 


evaluate shear strength parameters of the on-site soils. The direct shear tests were performed in 


accordance with ASTM Test Method D 3080. Test results are presented in Direct Shear Test plots.  
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S01 5.0-6.5 846.9 SC 8.4


A-07-101 S02


38


841.9


SM


9.4 128


A-07-101 S03 15.0-16.5 836.9 SC


10.0-11.5


25.0-26.5


1.0-5.0


S04 20.5-21.5 825.7 SC 9.2 116


DS


S05


109


820.7 SC 18


A-07-102 S07 35.0-36.5 810.7


A-07-102


SM


7.9 3300 7.0 1044 270


A-07-102 S01


A-07-102


840.7


30.0-31.5


6.0


A-07-102 S02 10.0-11.5 835.7 SC 6.8


5.0-6.5


Atterberg LimitsSieve


Elev.,
feet


SUMMARY  OF  SOIL  LABORATORY  DATA


Corrosivity Tests


R-07-104


Sample Information


Sample
Number


Boring
Number


SUMMARY  OF  SOIL  LABORATORY  DATA


R
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08


Chloride
Content,


ppm


pHPL PIDepth,
feet


Resis-
tivity,


ohm-cm


<#200,
%


Sand,
%


Other
Tests


Riverside, CA


In Situ
Moisture
Content,


%


LL Sulfate
Content,


ppm


TABLE  B-1


USCS
Group
Symbol


Gravel,
%


Sheet 1 of 24


857.6


D01 1.0-5.0 866.1 CL 6.4


R-07-105


16.0


10.0-11.5


SP-SM


SC 8.7 132 28 16 12 DSS02


CL


836.3 SC 10.2 116


R-07-104 S07


R-07-105


831.3


15.0-16.5


1 34 65


R-07-104 S09 45.0-46.5 821.3


35.0-36.5


26


837.6 CL 10.7 115


R-07-105 S07 35.0-36.5


R-07-105


SC


R-07-105


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


S06


832.6


S04


852.6 SC 12.7 2500 7.0 30


30.0-31.5


R-07-105


S06


20.0-21.5 847.6 SC 6.9 1 70 29


S03 75







R-07-163


SP-SC


17


R-07-162 S10 50.0-51.5 811.2 SC


SM


108


821.2


D01 1.0-5.0 849.7 CL 11.6 3100 9.4


20.8


S07


R-07-163


R-07-162 S06 30.0-31.5 831.2 CL 13.2


12.4


R-07-162


R-07-163


35.0-36.5 826.2 SP-SC 17.2


R-07-162 S08 40.0-41.5


124


27


CL 17.2


R-07-163 S04 21.0-22.5 830.2 SC


ND


129


S03


DS


R-07-163 S05 26.0-27.5 825.2 CL


10.1


R-07-163


836.2


S01 6.0-7.5 845.2 SC 12.1 6


835.2


31


16.0-17.5


S02 11.0-12.5 840.2 SC 8.3 130


R-07-163


180


63


R-07-162


14.1


SP-SC 19.6


R-07-161 S09 45.0-46.5 823.6


35.0-36.5


21.0


S07


D01 1.0-5.0 859.7 SC 12.6 3600 9.7


CL


<#200,
%


Sand,
%


LL


833.6


Other
Tests


R-07-162


Riverside, CA


In Situ
Moisture
Content,


%


R-07-161


119


846.2 CL 12.7


R-07-162 S04 20.0-21.5 841.2


ND


13.1


R-07-162


1 54 45 DS


R-07-162 S05 25.0-26.5


SC


12


S06


S01 5.0-6.5 856.2 SC 11.3 38


15.0-16.5


13


S03


R-07-162 S02 10.0-11.5 851.2 CL 12.8 125


75


25


R-07-165


Sample
Number


Boring
Number


Depth,
feet


Sample Information


Chloride
Content,


ppm


pHPL PI


R
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17.7


1.1-5.0 839.2 SC 13.7 3300 6.6 315


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


240


Sulfate
Content,


ppm


TABLE  B-1


Sieve


USCS
Group
Symbol


Gravel,
%


Sheet 16 of 24


119


Atterberg Limits


SUMMARY  OF  SOIL  LABORATORY  DATA


Corrosivity Tests


Resis-
tivity,


ohm-cm


SUMMARY  OF  SOIL  LABORATORY  DATA


Elev.,
feet


S03


D01


13.0


R-07-164 S01B 6.0-6.5 840.5 CL


841.5


R-07-164


5.0-6.0


15.0-16.5 831.0 SC 13.4 2 51 47


3.9


CL


31.0-32.5 820.2 CL 15.7 116


R-07-164 D01


CL


845.0


20.0-21.5


6.9 3000 7.8 ND 75


R-07-164 S01A


1.0-4.0


CL


S06-1 31.0-31.5 815.5 CL 10.5


R-07-164 S07


R-07-164


811.0


SP


18.2


R-07-164 S08 40.0-41.5 806.0 SP-SM 10.7


35.0-36.5


CL


826.0 SP-SC 8.8 124


R-07-164 S05


R-07-164


821.0


3.3


42 23 19


R-07-164 S06-2 30.5-31.0 816.0


S04


25.0-26.5







21


CL 5.9 90


A-07-166 S05 25.0-26.5 788.5


A-07-166


3.2


S02


A-07-166 S06 30.0-31.0 783.8 SM 4.8


SM


SM


S01


54


121


A-07-166 D01 1.0-5.0 812.0 CL


803.5


A-07-166


10.0-11.5


5.0-6.5 808.5 CL 1 41 59


A-07-166


S09


4.6


R-07-167


SC 9.1 35


R-07-167 S03 15.0-16.5 822.0


104


16.2


S02


S04 20.0-21.5 817.0 SC 13.9 113


SC


4.2


45.0-45.5 769.0         GM          0.7


A-07-166 S10 50.0-50.1


827.0


SP-SM


10.0-11.5


R-07-167 S01 5.0-6.5 832.0 SC 6.6


R-07-167


801.0


764.4


119


SC 15.1 44


R-07-165 S02 10.0-11.5 830.7


R-07-165


14.5


S01


0 39 60 32 19 13


11.2


CL


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


835.75.0-6.5


Sample
Number


Boring
Number


Depth,
feet


R-07-165


S03


S07


13.5


R-07-165 S06 30.0-31.3 810.7 SC 12.2


DS


R-07-165


25.0-26.5


35.0-36.4 805.7 SM 12.8


R-07-165 S08 40.0-40.8


123


9.0


15.0-16.5 825.7 CL 16.3


R-07-165 S04 20.0-21.5


SC


SC


815.7


115 39 27 15 12


R-07-165 S05


45


820.7


Elev.,
feet


Sieve


SUMMARY  OF  SOIL  LABORATORY  DATA


Atterberg Limits


Resis-
tivity,


ohm-cm


PL


SUMMARY  OF  SOIL  LABORATORY  DATA


17.5


120


1


D01 1.0-5.0 836.6 CL-ML 6.0 7600 24


PI
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Chloride
Content,


ppm


pH


8.9


<#200,
%


Sand,
%


Corrosivity Tests


Other
Tests


Riverside, CA


In Situ
Moisture
Content,


%


LL


TABLE  B-1


Sulfate
Content,


ppm


USCS
Group
Symbol


Gravel,
%


Sheet 17 of 24


CL


10.0-11.5


R-07-168 S01 5.0-6.5 866.5 SC 17.2 28


856.5


S02


27


861.5 ML 12.4 106


R-07-168 S03


R-07-169


R-07-168


16.1


26 17 9 DS


R-07-167 S05 25.0-26.5


11


SC


16R-07-167 S06 30.0-31.5 807.1 SC 10.4 34


CL


812.0


45.0-46.5


118


R-07-168 S07 35.0-36.5 836.5 SC 16.7


15.0-16.5


S09


841.9


826.5 SM 15.3


R-07-168 S11 55.0-56.5 816.5


R-07-168


851.8


1 37 62 29 16 13


R-07-168


13.2


20.0-21.0


CL


SC 11.6 123 14


R-07-168 S06 30.0-30.9


S04







CL


15.0-16.5 845.0 SM 23


R-07-183 S04


3


840.0


DS


25.8 95


R-07-183 S05 25.0-26.5 835.0 CL


20.0-21.5


R-07-183


90


R-07-183 S01 5.0-6.5 855.0 SC 1


S03


49


R-07-183


S02 10.0-11.5 850.0 SC 10.7 105


S06


50


800.5


53


S10 50.0-51.2 810.3 SP-SM 16.4


R-07-183


123


60.0-60.5


8.7


SP-SM 14.1


A-07-184 S01 5.0-6.5 855.5


A/R-07-181


S12


825.0


3100


30.0-31.5 830.0 SC 12.4 122


R-07-183


R-07-183


35.0-36.5


R-07-183


SM 15.8


R-07-183 S08 40.0-41.5 820.0 SC


S07


7.9


16.1


R-07-182 S02 10.0-11.5 854.8 SC 9.5


41


2300


2


ND 75


R-07-182 S03 15.0-16.5 849.8


ND


22


816.5


S08 40.0-41.5 821.5 CL 15.7 63


A/R-07-181


57


45.0-46.5


R-07-182


CL 22.2


R-07-182 S01 5.0-6.5 859.8 CL


S09


14.2


SC


824.8 SC 15.5


R-07-182 S11 55.0-56.5


S08


SC


R-07-182


R-07-183 D01 1.0-5.0 858.5 SC 5.9


55


809.8


CL


S04 20.0-21.5 844.8 CL 53


R-07-182 S05


40.0-41.5


839.8


7.6


23.1


R-07-182 S06 30.0-31.5 834.8 SC 16.6


25.0-26.5


Atterberg Limits


SC-SM


Elev.,
feet


SUMMARY  OF  SOIL  LABORATORY  DATA


Corrosivity Tests


Resis-
tivity,


ohm-cm


Sample
Number


Boring
Number


Depth,
feet


SUMMARY  OF  SOIL  LABORATORY  DATA


Sample Information Sieve
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Sand,
%


Other
Tests


Riverside, CA


In Situ
Moisture
Content,


%


LL Sulfate
Content,


ppm


TABLE  B-1


USCS
Group
Symbol


Gravel,
%


Sheet 22 of 24


S05 18


50


A-07-184 S04 20.0-21.5 840.5 CL


0


A-07-184


12.2


25.0-26.0 835.8 SC 8.3 116 25


9.3


3.1


42 25 18 7


A-07-184 S02 10.0-11.5


49


SP-SM


8


103 7


A-07-184 S03 15.0-16.5 845.5 CL


850.5


26


S03 15.0-16.5 853.2 SM 8.2 1


37


31


10.2


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


68


863.2


A-07-184 S06 30.0-31.5 830.5 SC 8.0


A-07-185


A-07-185


5.0-6.5 CL 6.5


A-07-185 S02 10.0-10.9 858.5 SC


S01







86


8.2 113


A-07-186 S11 55.0-56.5 810.5


A-07-186


6


50.0-50.9


8


A-07-186 S12 60.0-61.4 805.5 SM 5.2


SW-SM


45.0-46.5


9001.0-5.0 864.0 CL 9.2 1500 7.4


SM


S09


815.8


820.5 SM 7.8 40


A-07-186 S10


70.0-71.0


A-07-186


A-07-187


A-07-186


3.6


A-07-187 S02 10.0-11.5 841.5 SC


846.5


108


5.0-6.5


S03 15.0-16.5 836.5 ML 5.9 0 39


4.4


SC


5.8


795.8 SM 5.6 109


A-07-187 D01


SC


850.0


S14


3.4 3500 7.9 648 300


A-07-187 S01


1.0-5.0


11.2


850.5 SP-SM 1.6


A-07-186 S04 20.0-21.5


D01


SC


A-07-186


108 15


A-07-186 S07 35.0-36.5 830.5 SW-SM


845.5


A-07-186


300


A-07-186 S01 5.0-6.5 860.5 CL 30


15.0-16.5


11


S03


S02 10.0-11.5 855.5 SM 9.0 107


88


19


CL


2.1


CL 29 17 12


A-07-185 S08


30.0-31.5


828.2


S06


12.0 115


A-07-185 S10 50.0-51.5 818.2 SC


40.0-41.5


DS


S05


11


A-07-185 S04 20.0-21.5 848.2 SM


838.2


112


1


A-07-185 S05 25.0-26.5 843.2 SM 2.4


A-07-185


5.4


Atterberg Limits


61


Elev.,
feet


SUMMARY  OF  SOIL  LABORATORY  DATA


Corrosivity Tests


Resis-
tivity,


ohm-cm


Sample
Number


Boring
Number


Depth,
feet


SUMMARY  OF  SOIL  LABORATORY  DATA
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Sand,
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Other
Tests


Riverside, CA


In Situ
Moisture
Content,


%


LL Sulfate
Content,


ppm


TABLE  B-1


USCS
Group
Symbol


Gravel,
%


Sheet 23 of 24


R-07-188


20.0-21.5


R-07-188 S02 10.0-11.5 852.5 SC 1


32


31


0


S03 15.0-16.5 847.5 SC 42


R-07-188


68


821.5


25.0-26.5 826.5 SC 4.3 32


A-07-187


68


30.0-31.5


842.5


SC 6.0


R-07-188 S01 5.0-6.5 857.5 CL


S06


S04


A-07-189 S02 10.0-11.5 858.6 CL 0


SC


82


863.6


In Situ
Dry Unit
Weight,


pcf


State Route 91 Retaining Walls and Soundwalls


A-07-187


18


S06


SP-SM 15.1


R-07-188 S05 25.0-26.5 837.5 SP-SM


2.3


R-07-188 30.0-31.5 832.5 SP-SM 13.0


A-07-189 S01 5.0-6.5


18.4







S01


R-07-190


R-07-190


15.7SC854.510.0-11.5S02R-07-190


69310CL


15.0-16.5


5.0-6.5


849.5


R-07-190


1352408.928008.4SC863.01.0-5.0D01R-07-190


4.4SC


859.5


92


30.0-31.5S06A-07-191


121628CL836.525.0-26.5S05A-07-191


46


S03


1


S10


CL839.525.0-26.5S05R-07-190


21SC844.520.0-21.5S04R-07-190


18.7SC


53


45.0-46.5


10.0-10.8S02A-07-191


102030SC/CL856.55.0-6.5S01A-07-191


11.7


818.6


819.5


9.4


S09R-07-190


13.5SC829.535.0-36.5S07R-07-190


13.2SC834.530.0-31.5S06


SC


SC


4.4


A-07-189


67CL823.645.0-46.5S09A-07-189


5.9SC838.630.0-31.5S06


851.9


8.5


50.0-51.5


107


A-07-191 S04 20.0-21.5


A-07-189


SC


5.9


104


A-07-189 S04B 20.5-21.5 848.6


SC/CL


841.5


Sulfate
Content,


ppm


Resis-
tivity,


ohm-cm


Corrosivity Tests


SUMMARY  OF  SOIL  LABORATORY  DATA


PL


TABLE  B-1


Elev.,
feet


Atterberg Limits


SUMMARY  OF  SOIL  LABORATORY  DATA


Sieve


831.5


In Situ
Moisture
Content,


%


Riverside, CA


Other
Tests


LLSand,
%


Sheet 24 of 24


USCS
Group
Symbol


Gravel,
%


<#200,
%


SC


SM806.855.0-55.9S11A-07-191


1133.5SM816.845.0-46.0S09A-07-191


PI


6.2


A-07-191


821.041.0-41.5S08-1A-07-191


92.2SP-SM822.040.0-41.0S08-2A-07-191


109


NOTE:  The laboratory tests were performed in general accordance with the following standards:
Moisture Content - ASTM D 2216
Dry Unit Weight - ASTM D 2937 or ASTM D 4767
Particle Size Distribution Analysis by Mechanical Sieving - ASTM D 422 (-#200 by ASTM D 1140)
Atterberg Limits - ASTM D 4318
Corrosivity Test - CTM 643 (Resistivity), CTM 532 (pH), CTM 417 (Sulfate), CTM 422 (Chloride); ND=Not Detected
One-Dimensional Consolidation Test (CONS) - ASTM D 2435
Consolidated Drained Direct Shear (DS) - ASTM D 3080
Specific Gravity (SG) - ASTM D 854
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3.6


In Situ
Dry Unit
Weight,
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SC


S12 60.0-61.5 801.5 SP-SM
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115
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 1.28 ksf


Sample No.: S02 XXXXX kPa 61.3 kPa


Depth ( ft | m) 10 3.0 XXXXX degree 34 degree


Description: Dark brown clayey Sand (SC) Shear rate : 0.004 (in/min) , 0.0102 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 10.5 140.9 22.1 127.5 20.0 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 12.8 147.1 23.1 130.4 20.5 0.9 45.5 XXXXX XXXXX 1.9 92.4


spec. 2 13.7 148.4 23.3 130.5 20.5 2.0 98.1 XXXXX XXXXX 2.8 133.1


spec. 3 14.3 147.2 23.1 128.8 20.2 4.2 203.3 XXXXX XXXXX 3.9 188.2
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.75 ksf


Sample No.: S04 XXXXX kPa 36.0 kPa


Depth ( ft | m) 20 6.1 XXXXX degree 35 degree


Description: Reddish brown clayey Sand (SC) Shear rate : 0.003 (in/min) , 0.0076 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 13.1 134.9 21.2 119.3 18.7 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 15.6 133.2 20.9 115.3 18.1 0.9 45.5 XXXXX XXXXX 1.4 67.0


spec. 2 14.1 139.0 21.8 121.8 19.1 2.0 98.1 XXXXX XXXXX 2.8 131.7


spec. 3 17.4 142.1 22.3 121.0 19.0 4.2 203.3 XXXXX XXXXX 3.4 161.4
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.47 ksf


Sample No.: S04 XXXXX kPa 22.7 kPa


Depth ( ft | m) 21 6.4 XXXXX degree 33 degree


Description: Dark yellowish brown clayey Sand (SC) Shear rate : 0.004 (in/min) , 0.0102 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 10.1 141.9 22.3 128.9 20.3 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 15.1 144.3 22.7 125.4 19.7 0.9 45.5 XXXXX XXXXX 1.1 51.2


spec. 2 14.5 144.9 22.8 126.5 19.9 2.0 98.1 XXXXX XXXXX 1.9 89.5


spec. 3 14.9 144.6 22.7 125.9 19.8 4.2 203.3 XXXXX XXXXX 3.3 156.1
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: 0.69 ksf 0.25 ksf


Sample No.: S02 33.2 kPa 11.9 kPa


Depth ( ft | m) 10 3.0 37 degree 36 degree


Description: Dark reddish brown sandy Clay (CL) Shear rate : 0.003 (in/min) , 0.0076 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 14.5 135.7 21.3 118.6 18.6 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 13.2 138.2 21.7 122.1 19.2 0.9 45.5 1.4 67.5 1.0 49.8


spec. 2 14.6 139.3 21.9 121.6 19.1 2.0 98.1 2.3 108.7 1.6 76.1


spec. 3 15.6 140.3 22.0 121.4 19.1 4.2 203.3 3.9 188.2 3.4 162.3
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Peak Values are : � ,solid trend line Ultimate Values are: � ,dashed trend line


Exploration No.: XXXXX ksf 0.20 ksf


Sample No.: S02 XXXXX kPa 9.5 kPa


Depth ( ft | m) 10 3.0 XXXXX degree 37 degree


Description: Dark yellowish brown clayey Sand (SC) Shear rate : 0.001 (in/min) , 0.0025 (cm/min)


% Water Total Unit Weight Dry Unit Weight Normal Stress Peak Stress Ultimate Stress


Content (pcf) (kN/m
3
) (pcf) (kN/m


3
) (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)


Initial / Set up 10.7 116.7 18.3 105.4 16.6 XXXXX XXXXX XXXXX XXXXX XXXXX XXXXX


spec. 1 21.0 131.2 20.6 108.4 17.0 0.4 19.1 XXXXX XXXXX 0.5 23.0


spec. 2 22.4 132.6 20.8 108.3 17.0 0.9 45.4 XXXXX XXXXX 1.0 45.5


spec. 3 24.8 132.7 20.9 106.3 16.7 2.0 97.9 XXXXX XXXXX 1.7 83.3
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989811


Location: Riverside, CA


Subject: Retaining Wall 190


Width of the Wall is 5.25 ft


Date: 3/25/2009


Note:


Input Parameters (from Input-Output Sheet)


c cohesion 190 psf 9.0972492 kPa


φ friction angle 30 degrees 30 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 5.25 feet 1.60 m


L length of foundation 25 feet 7.62 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.000 radians 0.000 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 18.40


Nc 30.14


Nγ 22.40


Shape Factors


Fcs 1.13


Fqs 1.12


Fγs 0.92


Depth Factors


Fcd 1.23


Fqd 1.16


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 23.0 ksf 1104 kPa


qall 7.7 ksf 368 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989811


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 190


Width of the Foundation is 5.25 ft


Date: 3/25/2009 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 83 ft 1 0 3 3 120 0.3 NA NA 1300 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 9 6 120 0.3 NA NA 500 Sand N NA


Depth Interval 0.5 ft


Footing Length 25 ft


Footing Width 5.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 12.5 ft


Calculation Point offset Along Width 2.625 ft


Ground Surface Elevation 845 ft MSL


Foundation Pressure 2200 psf


Net Foundation Pressure 1840 psf Total Layer Thickness 9 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.18


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 844.75 120.00 30.00 0.00 30.00 0.30 1300.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 844.25 120.00 90.00 0.00 90.00 0.30 1300.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 843.75 120.00 150.00 0.00 150.00 0.30 1300.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 843.25 120.00 210.00 0.00 210.00 0.30 1300.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 842.75 120.00 270.00 0.00 270.00 0.30 1300.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 842.25 120.00 330.00 0.00 330.00 0.30 1300.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 841.75 120.00 390.00 0.00 390.00 0.30 500.00 NA NA 1779.12 Sand N 390.00 0.021


2 3.5 4 3.75 0.75 841.25 120.00 450.00 0.00 450.00 0.30 500.00 NA NA 1658.58 Sand N 450.00 0.020


2 4 4.5 4.25 1.25 840.75 120.00 510.00 0.00 510.00 0.30 500.00 NA NA 1541.55 Sand N 510.00 0.018


2 4.5 5 4.75 1.75 840.25 120.00 570.00 0.00 570.00 0.30 500.00 NA NA 1429.95 Sand N 570.00 0.017


2 5 5.5 5.25 2.25 839.75 120.00 630.00 0.00 630.00 0.30 500.00 NA NA 1325.12 Sand N 630.00 0.016


2 5.5 6 5.75 2.75 839.25 120.00 690.00 0.00 690.00 0.30 500.00 NA NA 1227.88 Sand N 690.00 0.015


2 6 6.5 6.25 3.25 838.75 120.00 750.00 0.00 750.00 0.30 500.00 NA NA 1138.52 Sand N 750.00 0.014


2 6.5 7 6.75 3.75 838.25 120.00 810.00 0.00 810.00 0.30 500.00 NA NA 1056.94 Sand N 810.00 0.013


2 7 7.5 7.25 4.25 837.75 120.00 870.00 0.00 870.00 0.30 500.00 NA NA 982.78 Sand N 870.00 0.012


2 7.5 8 7.75 4.75 837.25 120.00 930.00 0.00 930.00 0.30 500.00 NA NA 915.53 Sand N 930.00 0.011


2 8 8.5 8.25 5.25 836.75 120.00 990.00 0.00 990.00 0.30 500.00 NA NA 854.59 Sand N 990.00 0.010


2 8.5 9 8.75 5.75 836.25 120.00 1050.00 0.00 1050.00 0.30 500.00 NA NA 799.36 Sand N 1050.00 0.010


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\Addendum\Calculations\RW 190\Settlement\SR91 Settlement CalcVer 0 - RW190 (width 5.25) (Elastic Modulus and 1D Consolid) 1 of 1
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Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 190 @ Station 193+50
Static Analysis


Surcharge Load = 240 psf


RW 190


Wall Height = 8 ft
Width of the Wall = 5.25 ft


Name: Fill 


Unit Weight: 125 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 190 psf


Phi: 30 °
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Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 190 @ Station 193+50
Pseudo Static Analysis
kh = 0.147


Surcharge Load = 240 psf


RW 190


Wall Height = 8 ft
Width of the Wall = 5.25 ft


Name: Fill 


Unit Weight: 125 pcf


Cohesion: 100 psf


Phi: 34 °


Name: Alluvium 


Unit Weight: 120 pcf
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Project No. 30989802 April 2009 State Route 91 Soundwalls and Retaining Walls Fig. 1


Note: Pile is Class 90 Con. Alt "Y" 


Displacement Friction Concrete. 


Diameter = 1.25 ft. Pile batter is 0 


degrees.


Ultimate Axial Compression and Tension Capacity of Driven Pile for Retaining Wall 335


Note that end bearing is zero, so the total 


capacity in compression equals the 


friction capacity in compression.


Tension


Compression







State Route 91 Soundwalls and Retaining Walls Date: 4/23/2009


Retaining Wall 335


Pile Type
Existing/   


Proposed


Pile Head 


Condition


Moment of 


Inertia                


(in
4
)


Pile Head 


Deflection          


(in)


Lateral 


Load 


per 


Single 


pile 


(kips)


Group 


Lateral 


Load 


per pile 


(kips)


Mmax       


(lbs . in)


Mmax       


(kips-in)


Depth to 


Mmax        


(in)


Free 2485 0.25 8.3 8.3 323273 323 66


0.50 13.6 13.6 580623 581 72


1.00 21.9 21.9 1046136 1046 72


Sloping ground (1.5H:1V) and Pile Spacing >= 5d


Proposed
Class 90 Alt "Y" 


Concrete Pile







Shear Force (kips)


State Route 91 Retaining Walls and Soundwalls - Retaining Wall 335 - Free Head
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RW 335 Lateral Pile Capacity SHEAR - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\Addendum\Calculations\RW 335\Lateral Pile Capacity\
Name of input data file:     RW 335 Lateral Pile Capacity SHEAR - Free Head.lpd
Name of output file:         RW 335 Lateral Pile Capacity SHEAR - Free Head.lpo
Name of plot output file:    RW 335 Lateral Pile Capacity SHEAR - Free Head.lpp
Name of runtime file:        RW 335 Lateral Pile Capacity SHEAR - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  April 23, 2009     Time:  18:16:48


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Only summary tables of pile-head deflection, maximum bending moment,
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RW 335 Lateral Pile Capacity SHEAR - Free Head
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -36.00 in


Slope angle of ground surface             =      33.00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -36.000 in
Distance from top of pile to bottom of layer =      130.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      130.000 in
Distance from top of pile to bottom of layer =      250.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      250.000 in
Distance from top of pile to bottom of layer =      370.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      370.000 in
Distance from top of pile to bottom of layer =      430.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      430.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -36.00         .06940
  2           130.00         .06940
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RW 335 Lateral Pile Capacity SHEAR - Free Head
  3           130.00         .06940
  4           250.00         .06940
  5           250.00         .06940
  6           370.00         .06940
  7           370.00         .06940
  8           430.00         .06940
  9           430.00         .06940
 10           800.00         .06940


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -36.000         .00000           35.00           ------    ------
  2      130.000         .00000           35.00           ------    ------
  3      130.000       15.60000             .00           .00500        .0
  4      250.000       15.60000             .00           .00500        .0
  5      250.000         .00000           33.00           ------    ------
  6      370.000         .00000           33.00           ------    ------
  7      370.000       20.80000             .00           .00500        .0
  8      430.000       20.80000             .00           .00500        .0
  9      430.000         .00000           34.00           ------    ------
 10      800.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .8500         1.0000
  2          600.000          .8500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.
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------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     309425.   8323.1514
  4  y=   .500000 M=     0.000  90000.0000    .5000000     556936.  13596.9478
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000    1002951.  21863.4845


The analysis ended normally. 
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RW 335 Lateral Pile Capacity MOMENT - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\Addendum\Calculations\RW 335\Lateral Pile Capacity\
Name of input data file:     RW 335 Lateral Pile Capacity MOMENT - Free Head.lpd
Name of output file:         RW 335 Lateral Pile Capacity MOMENT - Free Head.lpo
Name of plot output file:    RW 335 Lateral Pile Capacity MOMENT - Free Head.lpp
Name of runtime file:        RW 335 Lateral Pile Capacity MOMENT - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  April 23, 2009     Time:  18:29:43


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
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RW 335 Lateral Pile Capacity MOMENT - Free Head
- Printing Increment (spacing of output points) =  1


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -36.00 in


Slope angle of ground surface             =      33.00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -36.000 in
Distance from top of pile to bottom of layer =      130.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      130.000 in
Distance from top of pile to bottom of layer =      250.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      250.000 in
Distance from top of pile to bottom of layer =      370.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      370.000 in
Distance from top of pile to bottom of layer =      430.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      430.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -36.00         .06940
  2           130.00         .06940
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  3           130.00         .06940
  4           250.00         .06940
  5           250.00         .06940
  6           370.00         .06940
  7           370.00         .06940
  8           430.00         .06940
  9           430.00         .06940
 10           800.00         .06940


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -36.000         .00000           35.00           ------    ------
  2      130.000         .00000           35.00           ------    ------
  3      130.000       15.60000             .00           .00500        .0
  4      250.000       15.60000             .00           .00500        .0
  5      250.000         .00000           33.00           ------    ------
  6      370.000         .00000           33.00           ------    ------
  7      370.000       20.80000             .00           .00500        .0
  8      430.000       20.80000             .00           .00500        .0
  9      430.000         .00000           34.00           ------    ------
 10      800.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .9500         1.0000
  2          600.000          .9500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000   8958.3923   -.0036432    508.4746   -111.9716   1343.6587
   6.000   .228141  53702.1680   8260.5422   -.0036232    670.5536   -120.6451   3172.9085
  12.000   .206522     103040.   7517.4254   -.0035650    819.4592   -127.0605   3691.4445
  18.000   .185361     147761.   6743.3903   -.0034718    954.4347   -130.9512   4238.7881
  24.000   .164860     187710.   5968.8870   -.0033472   1075.0032   -127.2165   4629.9920
  30.000   .145195     223003.   5179.2968   -.0031946   1181.5221   -135.9802   5619.2168
  36.000   .126524     253312.   4346.4857   -.0030177   1272.9965   -141.6234   6716.0421
  42.000   .108982     278420.   3481.2022   -.0028202   1348.7765   -146.8044   8082.2861
  48.000   .092682     298132.   2583.6917   -.0026060   1408.2688   -152.3658   9863.8073
  54.000   .077710     312239.   1660.3195   -.0023793   1450.8453   -155.4250  12000.3845
  60.000   .064130     320625.    726.5607   -.0021442   1476.1566   -155.8279  14579.2273
  66.000   .051979     323273.   -201.3942   -.0019050   1484.1486   -153.4904  17717.4424
  72.000   .041270     320266.  -1107.0760   -.0016660   1475.0722   -148.4035  21575.6608
  78.000   .031988     311788.  -1974.2009   -.0014312   1449.4837   -140.6381  26379.8680
  84.000   .024095     298121.  -2787.1565   -.0012046   1408.2370   -130.3471  32457.9144
  90.000   .017532     279643.  -3531.4988   -.0009900   1352.4670   -117.7670  40303.9229
  96.000   .012215     256813.  -4194.4477   -.0007908   1283.5627   -103.2160  50699.9476
 102.000   .008043     230163.  -4765.3551   -.0006099   1203.1329    -87.0865  64967.7694
 108.000   .004897     200287.  -5207.4724   -.0004500   1112.9623    -60.2859  73872.0000
 114.000   .002643     168160.  -5490.0226   -.0003131   1015.9990    -33.8975  76950.0000
 120.000   .001139     134745.  -5637.2996   -.0002006    915.1491    -15.1948  80028.0000
 126.000   .000236     100729.  -5692.6895   -.0001131    812.4851     -3.2685  83106.0000
 132.000  -.000218  66554.7209  -5242.8321 -5.0984E-05    709.3440    153.2210    4212000.
 138.000  -.000376  37869.8868  -4154.2107 -1.2194E-05    622.7700    209.6528    3347009.
 144.000  -.000365  16717.3624  -2900.4194  8.0825E-06    558.9294    208.2776    3427522.
 150.000  -.000279   3056.1249  -1688.3417  1.5428E-05    517.6983    195.7483    4212000.
 156.000  -.000179  -3559.3996   -723.1386  1.5241E-05    519.2172    125.9861    4212000.
 162.000 -9.60E-05  -5637.9979   -143.0950  1.1824E-05    525.4907     67.3618    4212000.
 168.000 -3.76E-05  -5289.3093    138.1300  7.7650E-06    524.4383     26.3798    4212000.
 174.000 -2.78E-06  -3988.8246    223.1166  4.3186E-06    520.5133      1.9490    4212000.
 180.000  1.42E-05  -2616.5744    209.9710  1.8650E-06    516.3717     -6.3309    2666559.
 186.000  1.96E-05  -1471.1862    164.2115  3.4652E-07    512.9148     -8.9223    2730880.
 192.000  1.84E-05   -646.4101    111.7242 -4.4008E-07    510.4255     -8.5735    2795201.
 198.000  1.43E-05   -130.0206     65.5265 -7.2849E-07    508.8670     -6.8257    2859523.
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 204.000  9.66E-06    140.6942     30.9250 -7.2453E-07    508.8992     -4.7081    2923844.
 210.000  5.63E-06    241.8618      8.3923 -5.8242E-07    509.2045     -2.8028    2988165.
 216.000  2.67E-06    242.0313     -4.0947 -4.0268E-07    509.2051     -1.3595    3052486.
 222.000  7.96E-07    193.1603     -9.4133 -2.4102E-07    509.0576   -.4133365    3116808.
 228.000 -2.20E-07    129.3318    -10.1902 -1.2123E-07    508.8649    .1543876    4212000.
 234.000 -6.59E-07     71.0093     -8.3391 -4.6809E-08    508.6889    .4626492    4212000.
 240.000 -7.82E-07     29.3136     -5.3050 -9.5436E-09    508.5630    .5487104    4212000.
 246.000 -7.74E-07      7.3598     -2.0297  4.0792E-09    508.4968    .5430441    4212000.
 252.000 -7.33E-07      4.9527   -.3655457  8.6528E-09    508.4895    .0116784  95634.9027
 258.000 -6.70E-07      2.9640   -.2974547  1.1593E-08    508.4835    .0110186  98712.9027
 264.000 -5.94E-07      1.3707   -.2341892  1.3204E-08    508.4787    .0100700     101791.
 270.000 -5.11E-07    .1394251   -.1771701  1.3765E-08    508.4750    .0089364     104869.
 276.000 -4.28E-07   -.7702011   -.1272391  1.3530E-08    508.4769    .0077073     107947.
 282.000 -3.49E-07     -1.4021   -.0847475  1.2723E-08    508.4788    .0064566     111025.
 288.000 -2.76E-07     -1.8009   -.0496480  1.1534E-08    508.4800    .0052432     114103.
 294.000 -2.11E-07     -2.0103   -.0215836  1.0118E-08    508.4806    .0041116     117181.
 300.000 -1.54E-07     -2.0708  2.8813E-05  8.6019E-09    508.4808    .0030926     120259.
 306.000 -1.07E-07     -2.0192    .0159236  7.0826E-09    508.4807    .0022057     123337.
 312.000 -6.93E-08     -1.8874    .0269213  5.6315E-09    508.4803    .0014602     126415.
 318.000 -3.97E-08     -1.7023    .0338738  4.2980E-09    508.4797    .0008573     129493.
 324.000 -1.77E-08     -1.4856    .0376209  3.1139E-09    508.4791    .0003917     132571.
 330.000 -2.36E-09     -1.2542    .0389559  2.0962E-09    508.4784  5.3270E-05     135649.
 336.000  7.43E-09     -1.0204    .0386006  1.2513E-09    508.4777   -.0001717     138727.
 342.000  1.27E-08   -.7923167    .0371880  5.7796E-10    508.4770   -.0002992     141805.
 348.000  1.44E-08   -.5747276    .0352500  7.0160E-11    508.4763   -.0003468     144883.
 354.000  1.35E-08   -.3693922    .0332108 -2.8054E-10    508.4757   -.0003329     147961.
 360.000  1.10E-08   -.1758945    .0313817 -4.8309E-10    508.4751   -.0002768     151039.
 366.000  7.70E-09    .0077100    .0299577 -5.4557E-10    508.4746   -.0001979     154117.
 372.000  4.45E-09    .1841873    .0168743 -4.7429E-10    508.4751   -.0041632    5616000.
 378.000  2.01E-09    .2107139   -.0012671 -3.2760E-10    508.4752   -.0018839    5616000.
 384.000  5.17E-10    .1693356   -.0083699 -1.8642E-10    508.4751   -.0004837    5616000.
 390.000 -2.24E-10    .1104766   -.0091910 -8.2484E-11    508.4749    .0002100    5616000.
 396.000 -4.73E-10    .0591333   -.0072326 -1.9481E-11    508.4748    .0004428    5616000.
 402.000 -4.58E-10    .0237059   -.0046179  1.1291E-11    508.4746    .0004288    5616000.
 408.000 -3.38E-10    .0037062   -.0023836  2.1473E-11    508.4746    .0003159    5616000.
 414.000 -2.00E-10   -.0049210   -.0008729  2.1022E-11    508.4746    .0001876    5616000.
 420.000 -8.53E-11   -.0067917 -7.0580E-05  1.6671E-11    508.4746  7.9828E-05    5616000.
 426.000 -3.96E-13   -.0057859    .0001700  1.1999E-11    508.4746  3.7050E-07    5616000.
 432.000  5.87E-11   -.0047645    .0001668  8.0801E-12    508.4746 -1.4369E-06     146865.
 438.000  9.66E-11   -.0037928    .0001553  4.9015E-12    508.4746 -2.4132E-06     149943.
 444.000  1.18E-10   -.0029066    .0001390  2.4129E-12    508.4746 -2.9972E-06     153021.
 450.000  1.26E-10   -.0021270    .0001202  5.4312E-13    508.4746 -3.2656E-06     156099.
 456.000  1.24E-10   -.0014642    .0001006 -7.9087E-13    508.4746 -3.2907E-06     159177.
 462.000  1.16E-10   -.0009192  8.1292E-05 -1.6762E-12    508.4746 -3.1377E-06     162255.
 468.000  1.04E-10   -.0004869  6.3288E-05 -2.1985E-12    508.4746 -2.8637E-06     165333.
 474.000  8.96E-11   -.0001574  4.7148E-05 -2.4379E-12    508.4746 -2.5163E-06     168411.
 480.000  7.47E-11  8.1536E-05  3.3197E-05 -2.4660E-12    508.4746 -2.1342E-06     171489.
 486.000  6.01E-11    .0002436  2.1552E-05 -2.3453E-12    508.4746 -1.7473E-06     174567.
 492.000  4.65E-11    .0003427  1.2178E-05 -2.1275E-12    508.4746 -1.3775E-06     177645.
 498.000  3.45E-11    .0003921  4.9256E-06 -1.8545E-12    508.4746 -1.0399E-06     180723.
 504.000  2.43E-11    .0004038 -4.2487E-07 -1.5589E-12    508.4746 -7.4354E-07     183801.
 510.000  1.58E-11    .0003886 -4.1336E-06 -1.2645E-12    508.4746 -4.9270E-07     186879.
 516.000  9.10E-12    .0003556 -6.4758E-06 -9.8811E-13    508.4746 -2.8803E-07     189957.
 522.000  3.96E-12    .0003120 -7.7222E-06 -7.4013E-13    508.4746 -1.2745E-07     193035.
 528.000  2.16E-13    .0002637 -8.1257E-06 -5.2629E-13    508.4746 -7.0613E-09     196113.
 534.000 -2.35E-12    .0002151 -7.9125E-06 -3.4845E-13    508.4746  7.8148E-08     199191.
 540.000 -3.97E-12    .0001691 -7.2770E-06 -2.0574E-13    508.4746  1.3368E-07     202269.
 546.000 -4.82E-12    .0001280 -6.3808E-06 -9.5386E-14    508.4746  1.6506E-07     205347.
 552.000 -5.11E-12  9.2663E-05 -5.3531E-06 -1.3437E-14    508.4746  1.7751E-07     208425.
 558.000 -4.98E-12  6.3728E-05 -4.2935E-06  4.4656E-14    508.4746  1.7569E-07     211503.
 564.000 -4.57E-12  4.1093E-05 -3.2757E-06  8.3593E-14    508.4746  1.6359E-07     214581.
 570.000 -3.98E-12  2.4330E-05 -2.3517E-06  1.0789E-13    508.4746  1.4441E-07     217659.
 576.000 -3.28E-12  1.2756E-05 -1.5565E-06  1.2167E-13    508.4746  1.2065E-07     220737.
 582.000 -2.52E-12  5.5203E-06 -9.1246E-07  1.2846E-13    508.4746  9.4036E-08     223815.
 588.000 -1.74E-12  1.6677E-06 -4.3320E-07  1.3113E-13    508.4746  6.5717E-08     226893.
 594.000 -9.47E-13  1.8032E-07 -1.2711E-07  1.3182E-13    508.4746  3.6310E-08     229971.
 600.000 -1.56E-13      0.0000      0.0000  1.3188E-13    508.4746  6.0611E-09     116525.


Output Verification:
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Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  1:


Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00364315
Maximum bending moment           =   323273.32555 lbs-in
Maximum shear force              =     8958.39227 lbs
Depth of maximum bending moment  =    66.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              8
Number of zero deflection points =              8


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  14611.7007   -.0068931    508.4746   -150.0768    900.4608
   6.000   .458641  88691.1109  13670.7668   -.0068602    776.1540   -163.5678   2139.8141
  12.000   .417678     171458.  12650.6181   -.0067635   1025.9541   -176.4817   2535.1847
  18.000   .377479     247803.  11556.2314   -.0066078   1256.3714   -188.3139   2993.2371
  24.000   .338384     317269.  10414.6454   -.0063979   1466.0281   -192.2148   3408.2238
  30.000   .300704     379689.   9214.2475   -.0061390   1654.4162   -207.9179   4148.6249
  36.000   .264716     434471.   7929.7598   -.0058366   1819.7538   -220.2447   4992.0244
  42.000   .230665     481149.   6574.2645   -.0054965   1960.6354   -231.5871   6023.9927
  48.000   .198758     519298.   5152.6418   -.0051248   2075.7720   -242.2872   7314.0264
  54.000   .169167     548516.   3677.5434   -.0047282   2163.9549   -249.4123   8846.1577
  60.000   .142020     568535.   2171.2696   -.0043133   2224.3745   -252.6790  10675.0838
  66.000   .117407     579229.    657.5529   -.0038869   2256.6518   -251.8933  12872.7767
  72.000   .095377     580623.   -839.0012   -.0034561   2260.8589   -246.9581  15535.7154
  78.000   .075935     572894.  -2293.5130   -.0030276   2237.5307   -237.8791  18796.1178
  84.000   .059046     556371.  -3681.4563   -.0026081   2187.6627   -224.7686  22840.0675
  90.000   .044637     531533.  -4979.3035   -.0022040   2112.6995   -207.8471  27938.1812
  96.000   .032598     499000.  -6165.1693   -.0018212   2014.5098   -187.4415  34500.6715
 102.000   .022783     459518.  -7219.4230   -.0014651   1895.3500   -163.9764  43184.1677
 108.000   .015016     413949.  -8125.2112   -.0011407   1757.8175   -137.9530  55121.9799
 114.000   .009095     363247.  -8868.7585   -.0008520   1604.7949   -109.8960  72502.1541
 120.000   .004792     308444.  -9390.2020   -.0006025   1439.3921    -63.9185  80028.0000
 126.000   .001865     251216.  -9659.4430   -.0003946   1266.6709    -25.8285  83106.0000
 132.000  5.71E-05     192957.  -9798.3310   -.0002296   1090.8393    -20.4675    2151989.
 138.000  -.000890     133884.  -9069.2273   -.0001082    912.5502    263.5021    1775422.
 144.000  -.001241  84242.9736  -7420.2140 -2.7170E-05    762.7290    286.1690    1383266.
 150.000  -.001217  44870.5059  -5707.2411  2.0791E-05    643.8986    284.8219    1404750.
 156.000  -.000992  15733.6269  -4040.2836  4.3303E-05    555.9604    270.8306    1638436.
 162.000  -.000697  -3659.6640  -2483.1154  4.7788E-05    519.5198    248.2255    2137087.
 168.000  -.000418 -14115.3689  -1081.9632  4.1185E-05    551.0763    218.8252    3138482.
 174.000  -.000203 -16687.7025      1.3788  2.9743E-05    558.8399    142.2888    4212000.
 180.000 -6.14E-05 -14130.9457    557.6108  1.8295E-05    551.1233     43.1219    4212000.
 186.000  1.68E-05 -10016.1319    663.9725  9.3252E-06    538.7044     -7.6680    2730880.
 192.000  5.05E-05  -6173.3473    570.4250  3.3114E-06    527.1064    -23.5145    2795201.
 198.000  5.66E-05  -3174.6079    418.9794 -1.6097E-07    518.0559    -26.9674    2859523.
 204.000  4.85E-05  -1145.4202    267.1111 -1.7657E-06    511.9316    -23.6554    2923844.
 210.000  3.54E-05     32.6320    143.2600 -2.1790E-06    508.5731    -17.6283    2988165.
 216.000  2.24E-05    576.0534     56.1955 -1.9529E-06    510.2132    -11.3932    3052486.
 222.000  1.20E-05    709.0871      3.3758 -1.4756E-06    510.6147     -6.2133    3116808.
 228.000  4.69E-06    618.1562    -22.7208 -9.8254E-07    510.3402     -2.4855    3181129.
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 234.000  1.70E-07    437.4987    -30.4540 -5.9041E-07    509.7950   -.0922119    3245450.
 240.000 -2.40E-06    253.3460    -25.6828 -3.3379E-07    509.2392      1.6826    4212000.
 246.000 -3.83E-06    129.6658    -12.5585 -1.9151E-07    508.8659      2.6921    4212000.
 252.000 -4.70E-06    102.8506     -4.2586 -1.0514E-07    508.7850    .0745143  95225.2064
 258.000 -5.10E-06     78.6766     -3.7845 -3.7712E-08    508.7120    .0835030  98303.2064
 264.000 -5.15E-06     57.4772     -3.2731  1.2864E-08    508.6480    .0869780     101381.
 270.000 -4.94E-06     39.3860     -2.7540  4.8844E-08    508.5934    .0860448     104459.
 276.000 -4.56E-06     24.3765     -2.2506  7.2529E-08    508.5481    .0817543     107537.
 282.000 -4.07E-06     12.3004     -1.7801  8.6153E-08    508.5117    .0750698     110615.
 288.000 -3.53E-06      2.9219     -1.3544  9.1808E-08    508.4834    .0668442     113693.
 294.000 -2.97E-06     -4.0513   -.9804330  9.1388E-08    508.4868    .0578066     116771.
 300.000 -2.43E-06     -8.9420   -.6613396  8.6562E-08    508.5016    .0485579     119849.
 306.000 -1.93E-06    -12.0809   -.3969486  7.8753E-08    508.5110    .0395724     122927.
 312.000 -1.49E-06    -13.7904   -.1846148  6.9143E-08    508.5162    .0312055     126005.
 318.000 -1.10E-06    -14.3710   -.0198867  5.8682E-08    508.5179    .0237039     129083.
 324.000 -7.82E-07    -14.0924    .1028823  4.8109E-08    508.5171    .0172191     132161.
 330.000 -5.24E-07    -13.1883    .1900054  3.7975E-08    508.5144    .0118219     135239.
 336.000 -3.26E-07    -11.8534    .2480190  2.8673E-08    508.5104    .0075160     138317.
 342.000 -1.80E-07    -10.2431    .2833214  2.0465E-08    508.5055    .0042515     141395.
 348.000 -8.04E-08     -8.4756    .3018872  1.3512E-08    508.5002    .0019371     144473.
 354.000 -1.83E-08     -6.6350    .3090461  7.8990E-09    508.4946    .0004492     147551.
 360.000  1.43E-08     -4.7756    .3093137  3.6605E-09    508.4890   -.0003600     150629.
 366.000  2.57E-08     -2.9272    .3062617  7.9918E-10    508.4834   -.0006573     153707.
 372.000  2.39E-08     -1.1013    .2370932 -6.9726E-10    508.4779   -.0223988    5616000.
 378.000  1.73E-08   -.0813337    .1213401 -1.1366E-09    508.4748   -.0161856    5616000.
 384.000  1.03E-08    .3559967    .0438845 -1.0345E-09    508.4757   -.0096330    5616000.
 390.000  4.88E-09    .4463974    .0012886 -7.3648E-10    508.4759   -.0045657    5616000.
 396.000  1.45E-09    .3722549   -.0164910 -4.3238E-10    508.4757   -.0013609    5616000.
 402.000 -3.11E-10    .2489723   -.0197011 -2.0162E-10    508.4753    .0002908    5616000.
 408.000 -9.66E-10    .1360598   -.0161173 -5.8597E-11    508.4750    .0009037    5616000.
 414.000 -1.01E-09    .0556277   -.0105591  1.2608E-11    508.4747    .0009490    5616000.
 420.000 -8.14E-10    .0093370   -.0054257  3.6739E-11    508.4746    .0007621    5616000.
 426.000 -5.73E-10   -.0095204   -.0015303  3.6671E-11    508.4746    .0005363    5616000.
 432.000 -3.74E-10   -.0090659    .0001074  2.9767E-11    508.4746  9.5420E-06     152999.
 438.000 -2.16E-10   -.0082643    .0001528  2.3330E-11    508.4746  5.6136E-06     156077.
 444.000 -9.42E-11   -.0072572    .0001772  1.7564E-11    508.4746  2.4999E-06     159155.
 450.000 -5.03E-12   -.0061573    .0001851  1.2581E-11    508.4746  1.3611E-07     162233.
 456.000  5.67E-11   -.0050499    .0001808  8.4181E-12    508.4746 -1.5630E-06     165311.
 462.000  9.60E-11   -.0039968    .0001680  5.0576E-12    508.4746 -2.6938E-06     168389.
 468.000  1.17E-10   -.0030391    .0001499  2.4440E-12    508.4746 -3.3556E-06     171467.
 474.000  1.25E-10   -.0022010    .0001289  4.9754E-13    508.4746 -3.6454E-06     174545.
 480.000  1.23E-10   -.0014932    .0001070 -8.7471E-13    508.4746 -3.6529E-06     177623.
 486.000  1.15E-10   -.0009163  8.5644E-05 -1.7698E-12    508.4746 -3.4579E-06     180701.
 492.000  1.02E-10   -.0004636  6.5883E-05 -2.2823E-12    508.4746 -3.1290E-06     183779.
 498.000  8.74E-11   -.0001233  4.8328E-05 -2.5003E-12    508.4746 -2.7227E-06     186857.
 504.000  7.22E-11    .0001191  3.3308E-05 -2.5019E-12    508.4746 -2.2840E-06     189935.
 510.000  5.74E-11    .0002791  2.0916E-05 -2.3540E-12    508.4746 -1.8466E-06     193013.
 516.000  4.39E-11    .0003726  1.1072E-05 -2.1119E-12    508.4746 -1.4348E-06     196091.
 522.000  3.21E-11    .0004143  3.5747E-06 -1.8196E-12    508.4746 -1.0643E-06     199169.
 528.000  2.21E-11    .0004175 -1.8495E-06 -1.5107E-12    508.4746 -7.4381E-07     202247.
 534.000  1.39E-11    .0003937 -5.5114E-06 -1.2094E-12    508.4746 -4.7679E-07     205325.
 540.000  7.55E-12    .0003526 -7.7288E-06 -9.3216E-13    508.4746 -2.6238E-07     208403.
 546.000  2.75E-12    .0003020 -8.8064E-06 -6.8901E-13    508.4746 -9.6818E-08     211481.
 552.000 -7.14E-13    .0002477 -9.0203E-06 -4.8484E-13    508.4746  2.5540E-08     214559.
 558.000 -3.07E-12    .0001942 -8.6094E-06 -3.2068E-13    508.4746  1.1140E-07     217637.
 564.000 -4.56E-12    .0001447 -7.7717E-06 -1.9477E-13    508.4746  1.6783E-07     220715.
 570.000 -5.41E-12    .0001012 -6.6631E-06 -1.0343E-13    508.4746  2.0173E-07     223793.
 576.000 -5.80E-12  6.4876E-05 -5.3996E-06 -4.1739E-14    508.4746  2.1944E-07     226871.
 582.000 -5.91E-12  3.6438E-05 -4.0618E-06 -4.1051E-15    508.4746  2.2647E-07     229949.
 588.000 -5.85E-12  1.6138E-05 -2.7005E-06  1.5425E-14    508.4746  2.2731E-07     233027.
 594.000 -5.72E-12  4.0155E-06 -1.3428E-06  2.2911E-14    508.4746  2.2525E-07     236105.
 600.000 -5.58E-12      0.0000      0.0000  2.4403E-14    508.4746  2.2235E-07     119591.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  2:
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RW 335 Lateral Pile Capacity MOMENT - Free Head
Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00689313
Maximum bending moment           =   580623.35456 lbs-in
Maximum shear force              =    14611.70070 lbs
Depth of maximum bending moment  =    72.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              9
Number of zero deflection points =              7


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  23455.0844   -.0130543    508.4746   -159.6031    478.8093
   6.000   .921674     144907.  22427.7090   -.0130005    945.8196   -182.8553   1190.3685
  12.000   .843994     283173.  21249.1610   -.0128415   1363.1215   -209.9940   1492.8584
  18.000   .767577     413766.  19892.7212   -.0125826   1757.2643   -242.1526   1892.8599
  24.000   .693004     535475.  18348.5156   -.0122300   2124.5958   -272.5827   2360.0108
  30.000   .620817     647156.  16569.2902   -.0117907   2461.6624   -320.4925   3097.4570
  36.000   .551516     747040.  14509.4760   -.0112728   2763.1232   -366.1123   3982.9764
  42.000   .485544     833445.  12263.5795   -.0106857   3023.9007   -382.5199   4726.9032
  48.000   .423287     905744.   9928.2186   -.0100397   3242.1076   -395.9338   5612.2692
  54.000   .365068     963426.   7526.1105   -.0093453   3416.1988   -404.7690   6652.4950
  60.000   .311143    1006150.   5083.7533   -.0086137   3545.1447   -409.3501   7893.7902
  66.000   .261704    1033734.   2625.1534   -.0078560   3628.3956   -410.1832   9404.1492
  72.000   .216872    1046136.    173.7752   -.0070834   3665.8277   -406.9428  11258.5360
  78.000   .176703    1043469.  -2239.6547   -.0063072   3657.7780   -397.5338  13498.3823
  84.000   .141185    1026072.  -4577.8939   -.0055384   3605.2720   -381.8793  16228.8456
  90.000   .110242     994516.  -6803.9660   -.0047879   3510.0318   -360.1447  19601.2033
  96.000   .083731     949596.  -8882.3014   -.0040657   3374.4571   -332.6337  23835.9028
 102.000   .061453     892319. -10779.5363   -.0033815   3201.5912   -299.7779  29268.9488
 108.000   .043153     823893. -12465.2065   -.0027440   2995.0736   -262.1122  36444.3159
 114.000   .028525     745700. -13912.2003   -.0021610   2759.0793   -220.2191  46321.3532
 120.000   .017221     659281. -15096.6311   -.0016391   2498.2550   -174.5912  60829.2011
 126.000   .008856     566311. -15988.3995   -.0011838   2217.6627   -122.6649  83106.0000
 132.000   .003015     468698. -16902.5831   -.0007994   1923.0570   -182.0629     362279.
 138.000  -.000736     364343. -16697.5780   -.0004899   1608.1023    250.3980    2040661.
 144.000  -.002864     268856. -14891.0284   -.0002547   1319.9126    351.7852     737063.
 150.000  -.003793     185926. -12703.3191 -8.5772E-05   1069.6196    377.4512     597123.
 156.000  -.003893     116509. -10430.9652  2.6570E-05    860.1123    380.0001     585675.
 162.000  -.003474  60725.7765  -8182.6720  9.2406E-05    691.7516    369.4310     638077.
 168.000  -.002784  18217.4225  -6025.3760    .0001217    563.4567    349.6677     753573.
 174.000  -.002013 -11710.2038  -4008.5779    .0001241    543.8172    322.5984     961499.
 180.000  -.001294 -30019.5906  -2173.5717    .0001086    599.0770    289.0703    1340032.
 186.000  -.000709 -37910.4021   -559.4244  8.3413E-05    622.8923    248.9788    2105993.
 192.000  -.000293 -36822.7687    805.3268  5.5653E-05    619.6097    205.9383    4212000.
 198.000 -4.15E-05 -28306.5855   1510.5685  3.1460E-05    593.9069     29.1423    4212000.
 204.000  8.42E-05 -18729.9236   1474.9661  1.3987E-05    565.0035    -41.0098    2923844.
 210.000   .000126 -10622.0988   1163.1804  3.0844E-06    540.5332    -62.9188    2988165.
 216.000   .000121  -4775.0902    789.4920 -2.6351E-06    522.8863    -61.6440    3052486.
 222.000  9.47E-05  -1145.3490    456.9558 -4.8343E-06    511.9314    -49.2014    3116808.
 228.000  6.32E-05    713.6002    208.8968 -4.9947E-06    510.6283    -33.4849    3181129.
 234.000  3.48E-05   1366.8068     52.0052 -4.2219E-06    512.5997    -18.8123    3245450.
 240.000  1.25E-05   1342.2219    -25.1081 -3.2156E-06    512.5255     -6.8921    3309772.
 246.000 -3.81E-06   1068.9824    -37.7651 -2.3199E-06    511.7009      2.6731    4212000.
 252.000 -1.53E-05    891.5464    -29.0080 -1.5917E-06    511.1654    .2459035  96150.8107
 258.000 -2.29E-05    722.6053    -27.1337 -9.9207E-07    510.6555    .3788519  99228.8107
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RW 335 Lateral Pile Capacity MOMENT - Free Head
 264.000 -2.72E-05    567.0129    -24.6033 -5.1303E-07    510.1859    .4646377     102307.
 270.000 -2.91E-05    427.9201    -21.6779 -1.4345E-07    509.7661    .5104855     105385.
 276.000 -2.90E-05    307.0330    -18.5753  1.2956E-07    509.4012    .5237135     108463.
 282.000 -2.75E-05    204.8765    -15.4700  3.1971E-07    509.0929    .5114035     111541.
 288.000 -2.51E-05    121.0483    -12.4953  4.4078E-07    508.8399    .4801481     114619.
 294.000 -2.22E-05     54.4569     -9.7472  5.0597E-07    508.6389    .4358717     117697.
 300.000 -1.91E-05      3.5350     -7.2885  5.2751E-07    508.4852    .3837188     120775.
 306.000 -1.59E-05    -33.5745     -5.1533  5.1635E-07    508.5759    .3280015     123853.
 312.000 -1.29E-05    -58.8624     -3.3527  4.8202E-07    508.6522    .2721947     126931.
 318.000 -1.01E-05    -74.3277     -1.8792  4.3254E-07    508.6989    .2189713     130009.
 324.000 -7.68E-06    -81.8802   -.7115153  3.7452E-07    508.7217    .1702642     133087.
 330.000 -5.61E-06    -83.2704    .1813189  3.1317E-07    508.7259    .1273472     136165.
 336.000 -3.92E-06    -80.0426    .8361386  2.5251E-07    508.7162    .0909260     139243.
 342.000 -2.58E-06    -73.5094      1.2926  1.9547E-07    508.6964    .0612304     142321.
 348.000 -1.57E-06    -64.7424      1.5906  1.4411E-07    508.6700    .0381039     145399.
 354.000 -8.52E-07    -54.5777      1.7682  9.9792E-08    508.6393    .0210836     148477.
 360.000 -3.75E-07    -43.6321      1.8598  6.3311E-08    508.6063    .0094693     151555.
 366.000 -9.23E-08    -32.3281      1.8954  3.5095E-08    508.5721    .0023779     154633.
 372.000  4.62E-08    -20.9255      1.7726  1.5313E-08    508.5377   -.0432882    5616000.
 378.000  9.15E-08    -11.0729      1.3859  3.4269E-09    508.5080   -.0856332    5616000.
 384.000  8.74E-08     -4.2987    .8836418 -2.2830E-09    508.4876   -.0817793    5616000.
 390.000  6.41E-08   -.4667563    .4583331 -4.0532E-09    508.4760   -.0599903    5616000.
 396.000  3.87E-08      1.2057    .1696004 -3.7787E-09    508.4782   -.0362539    5616000.
 402.000  1.87E-08      1.5725    .0081947 -2.7467E-09    508.4793   -.0175480    5616000.
 408.000  5.77E-09      1.3070   -.0606584 -1.6771E-09    508.4785   -.0054030    5616000.
 414.000 -1.38E-09    .8464394   -.0730011 -8.7715E-10    508.4771    .0012888    5616000.
 420.000 -4.75E-09    .4319352   -.0557873 -4.0229E-10    508.4759    .0044491    5616000.
 426.000 -6.20E-09    .1774260   -.0250181 -1.7593E-10    508.4751    .0058073    5616000.
 432.000 -6.86E-09    .1319079   -.0070584 -6.1028E-11    508.4750    .0001793     156694.
 438.000 -6.94E-09    .0927906   -.0059665  2.2439E-11    508.4749    .0001847     159772.
 444.000 -6.60E-09    .0602858   -.0048753  7.9300E-11    508.4748    .0001790     162850.
 450.000 -5.99E-09    .0342011   -.0038418  1.1440E-10    508.4747    .0001655     165928.
 456.000 -5.22E-09    .0140612   -.0029039  1.3233E-10    508.4746    .0001471     169006.
 462.000 -4.40E-09   -.0007886   -.0020842  1.3726E-10    508.4746    .0001261     172084.
 468.000 -3.58E-09   -.0110980   -.0013928  1.3284E-10    508.4746    .0001044     175162.
 474.000 -2.80E-09   -.0176452   -.0008298  1.2216E-10    508.4746  8.3271E-05     178240.
 480.000 -2.11E-09   -.0211877   -.0003888  1.0774E-10    508.4746  6.3747E-05     181318.
 486.000 -1.51E-09   -.0224268 -5.8284E-05  9.1538E-11    508.4746  4.6413E-05     184396.
 492.000 -1.01E-09   -.0219860    .0001757  7.5040E-11    508.4746  3.1589E-05     187474.
 498.000 -6.10E-10   -.0203991    .0003286  5.9296E-11    508.4746  1.9365E-05     190552.
 504.000 -2.99E-10   -.0181070    .0004157  4.4992E-11    508.4746  9.6634E-06     193630.
 510.000 -6.98E-11   -.0154597    .0004515  3.2524E-11    508.4746  2.2897E-06     196708.
 516.000  9.08E-11   -.0127238    .0004493  2.2055E-11    508.4746 -3.0250E-06     199786.
 522.000  1.95E-10   -.0100916    .0004205  1.3580E-11    508.4746 -6.5869E-06     202864.
 528.000  2.54E-10   -.0076926    .0003746  6.9737E-12    508.4746 -8.7115E-06     205942.
 534.000  2.79E-10   -.0056041    .0003194  2.0345E-12    508.4746 -9.7021E-06     209020.
 540.000  2.78E-10   -.0038626    .0002607 -1.4819E-12    508.4746 -9.8349E-06     212098.
 546.000  2.61E-10   -.0024736    .0002032 -3.8355E-12    508.4746 -9.3501E-06     215176.
 552.000  2.32E-10   -.0014202    .0001498 -5.2819E-12    508.4746 -8.4461E-06     218254.
 558.000  1.97E-10   -.0006703    .0001026 -6.0584E-12    508.4746 -7.2794E-06     221332.
 564.000  1.59E-10   -.0001822  6.2886E-05 -6.3751E-12    508.4746 -5.9652E-06     224410.
 570.000  1.21E-10  9.1222E-05  3.1246E-05 -6.4089E-12    508.4746 -4.5814E-06     227488.
 576.000  8.26E-11    .0001997  7.9815E-06 -6.3008E-12    508.4746 -3.1735E-06     230566.
 582.000  4.52E-11    .0001938 -6.8223E-06 -6.1547E-12    508.4746 -1.7611E-06     233644.
 588.000  8.73E-12    .0001245 -1.3139E-05 -6.0365E-12    508.4746 -3.4438E-07     236722.
 594.000 -2.72E-11  4.2660E-05 -1.0909E-05 -5.9744E-12    508.4746  1.0876E-06     239800.
 600.000 -6.30E-11      0.0000      0.0000 -5.9585E-12    508.4746  2.5488E-06     121439.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  3:


Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01305429
Maximum bending moment           =       1046136. lbs-in
Maximum shear force              =    23455.08436 lbs
Depth of maximum bending moment  =    72.00000000 in
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RW 335 Lateral Pile Capacity MOMENT - Free Head
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              7


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     323273.   8958.3923
  4  y=   .500000 M=     0.000  90000.0000    .5000000     580623.  14611.7007
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000    1046136.  23455.0844


The analysis ended normally. 
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RW 335 Lateral Pile Capacity Critical Length
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\Addendum\Calculations\RW 335\Lateral Pile Capacity\
Name of input data file:     RW 335 Lateral Pile Capacity Critical Length.lpd
Name of output file:         RW 335 Lateral Pile Capacity Critical Length.lpo
Name of plot output file:    RW 335 Lateral Pile Capacity Critical Length.lpp
Name of runtime file:        RW 335 Lateral Pile Capacity Critical Length.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  April 23, 2009     Time:  18:32:20


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
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RW 335 Lateral Pile Capacity Critical Length
- Only summary tables of pile-head deflection, maximum bending moment,
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     250.00 in


Depth of ground surface below top of pile =     -36.00 in


Slope angle of ground surface             =      33.00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     250.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -36.000 in
Distance from top of pile to bottom of layer =      130.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      130.000 in
Distance from top of pile to bottom of layer =      250.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      250.000 in
Distance from top of pile to bottom of layer =      370.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      370.000 in
Distance from top of pile to bottom of layer =      430.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      430.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


(Depth of lowest layer extends  550.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -36.00         .06940
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  2           130.00         .06940
  3           130.00         .06940
  4           250.00         .06940
  5           250.00         .06940
  6           370.00         .06940
  7           370.00         .06940
  8           430.00         .06940
  9           430.00         .06940
 10           800.00         .06940


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -36.000         .00000           35.00           ------    ------
  2      130.000         .00000           35.00           ------    ------
  3      130.000       15.60000             .00           .00500        .0
  4      250.000       15.60000             .00           .00500        .0
  5      250.000         .00000           33.00           ------    ------
  6      370.000         .00000           33.00           ------    ------
  7      370.000       20.80000             .00           .00500        .0
  8      430.000       20.80000             .00           .00500        .0
  9      430.000         .00000           34.00           ------    ------
 10      800.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .8500         1.0000
  2          600.000          .8500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  1
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Load Case Number  1


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Shear force at pile head    =       21880.000 lbs
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


(Zero moment at pile head for this load indicates a free-head condition)


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Specified shear force at pile head  =       21880.000 lbs
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


(Zero moment for this load indicates free-head conditions)


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  1  V=    21880. M=     0.000  90000.0000      1.0003    1004110.  21880.0000


------------------------------------------------------------------------------
                     Pile-head Deflection vs. Pile Length
------------------------------------------------------------------------------


Boundary Condition Type 1, Shear and Moment


Shear      =          21880. lbs
Moment     =              0. in-lbs
Axial Load =          90000. lbs


   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   250.000    1.00026447      1004110.   21880.00000
   237.500    1.00033029      1004120.   21880.00000
   225.000    1.00041653      1003952.   21880.00000
   212.500    1.00101796      1003738.   21880.00000
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   200.000    1.00138188      1003792.   21880.00000
   187.500    1.00161893      1003697.   21880.00000
   175.000    1.02403303  997405.89679   21880.00000
   162.500    1.11519910  982909.48718   21880.00000
   150.000    1.39767395  978790.72654   21880.00000
   137.500    2.05016680      1012650.  -26797.25506


The analysis ended normally. 
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Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
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Pseudo Static Analysis
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State Route 91 Soundwalls and Retaining Walls Date: 4/27/2009
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RW 339 Lateral Pile Capacity SHEAR - Free Head
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\Addendum\Calculations\RW 339\Lateral Pile Capacity\
Name of input data file:     RW 339 Lateral Pile Capacity SHEAR - Free Head.lpd
Name of output file:         RW 339 Lateral Pile Capacity SHEAR - Free Head.lpo
Name of plot output file:    RW 339 Lateral Pile Capacity SHEAR - Free Head.lpp
Name of runtime file:        RW 339 Lateral Pile Capacity SHEAR - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  April 27, 2009     Time:   9:31:18


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Only summary tables of pile-head deflection, maximum bending moment,
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  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -36.00 in


Slope angle of ground surface             =      33.00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -36.000 in
Distance from top of pile to bottom of layer =      130.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      130.000 in
Distance from top of pile to bottom of layer =      250.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      250.000 in
Distance from top of pile to bottom of layer =      370.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      370.000 in
Distance from top of pile to bottom of layer =      430.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      430.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -36.00         .06940
  2           130.00         .06940
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  3           130.00         .06940
  4           250.00         .06940
  5           250.00         .06940
  6           370.00         .06940
  7           370.00         .06940
  8           430.00         .06940
  9           430.00         .06940
 10           800.00         .06940


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -36.000         .00000           35.00           ------    ------
  2      130.000         .00000           35.00           ------    ------
  3      130.000       15.60000             .00           .00500        .0
  4      250.000       15.60000             .00           .00500        .0
  5      250.000         .00000           33.00           ------    ------
  6      370.000         .00000           33.00           ------    ------
  7      370.000       20.80000             .00           .00500        .0
  8      430.000       20.80000             .00           .00500        .0
  9      430.000         .00000           34.00           ------    ------
 10      800.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .8500         1.0000
  2          600.000          .8500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


Output Verification:


Computed forces and moments are within specified convergence limits.
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------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     309425.   8323.1514
  4  y=   .500000 M=     0.000  90000.0000    .5000000     556936.  13596.9478
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000    1002951.  21863.4845


The analysis ended normally. 
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==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\Addendum\Calculations\RW 339\Lateral Pile Capacity\
Name of input data file:     RW 339 Lateral Pile Capacity MOMENT - Free Head.lpd
Name of output file:         RW 339 Lateral Pile Capacity MOMENT - Free Head.lpo
Name of plot output file:    RW 339 Lateral Pile Capacity MOMENT - Free Head.lpp
Name of runtime file:        RW 339 Lateral Pile Capacity MOMENT - Free Head.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  April 27, 2009     Time:   9:33: 6


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- No computation of foundation stiffness matrix elements
- Output pile response for full length of pile
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.


Page 1







RW 339 Lateral Pile Capacity MOMENT - Free Head
- Printing Increment (spacing of output points) =  1


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     600.00 in


Depth of ground surface below top of pile =     -36.00 in


Slope angle of ground surface             =      33.00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     600.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -36.000 in
Distance from top of pile to bottom of layer =      130.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      130.000 in
Distance from top of pile to bottom of layer =      250.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      250.000 in
Distance from top of pile to bottom of layer =      370.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      370.000 in
Distance from top of pile to bottom of layer =      430.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      430.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


(Depth of lowest layer extends  200.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -36.00         .06940
  2           130.00         .06940
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  3           130.00         .06940
  4           250.00         .06940
  5           250.00         .06940
  6           370.00         .06940
  7           370.00         .06940
  8           430.00         .06940
  9           430.00         .06940
 10           800.00         .06940


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -36.000         .00000           35.00           ------    ------
  2      130.000         .00000           35.00           ------    ------
  3      130.000       15.60000             .00           .00500        .0
  4      250.000       15.60000             .00           .00500        .0
  5      250.000         .00000           33.00           ------    ------
  6      370.000         .00000           33.00           ------    ------
  7      370.000       20.80000             .00           .00500        .0
  8      430.000       20.80000             .00           .00500        .0
  9      430.000         .00000           34.00           ------    ------
 10      800.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .9500         1.0000
  2          600.000          .9500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  3


Load Case Number  1
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  2


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


Load Case Number  3


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =           1.000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000   8958.3923   -.0036432    508.4746   -111.9716   1343.6587
   6.000   .228141  53702.1680   8260.5422   -.0036232    670.5536   -120.6451   3172.9085
  12.000   .206522     103040.   7517.4254   -.0035650    819.4592   -127.0605   3691.4445
  18.000   .185361     147761.   6743.3903   -.0034718    954.4347   -130.9512   4238.7881
  24.000   .164860     187710.   5968.8870   -.0033472   1075.0032   -127.2165   4629.9920
  30.000   .145195     223003.   5179.2968   -.0031946   1181.5221   -135.9802   5619.2168
  36.000   .126524     253312.   4346.4857   -.0030177   1272.9965   -141.6234   6716.0421
  42.000   .108982     278420.   3481.2022   -.0028202   1348.7765   -146.8044   8082.2861
  48.000   .092682     298132.   2583.6917   -.0026060   1408.2688   -152.3658   9863.8073
  54.000   .077710     312239.   1660.3195   -.0023793   1450.8453   -155.4250  12000.3845
  60.000   .064130     320625.    726.5607   -.0021442   1476.1566   -155.8279  14579.2273
  66.000   .051979     323273.   -201.3942   -.0019050   1484.1486   -153.4904  17717.4424
  72.000   .041270     320266.  -1107.0760   -.0016660   1475.0722   -148.4035  21575.6608
  78.000   .031988     311788.  -1974.2009   -.0014312   1449.4837   -140.6381  26379.8680
  84.000   .024095     298121.  -2787.1565   -.0012046   1408.2370   -130.3471  32457.9144
  90.000   .017532     279643.  -3531.4988   -.0009900   1352.4670   -117.7670  40303.9229
  96.000   .012215     256813.  -4194.4477   -.0007908   1283.5627   -103.2160  50699.9476
 102.000   .008043     230163.  -4765.3551   -.0006099   1203.1329    -87.0865  64967.7694
 108.000   .004897     200287.  -5207.4724   -.0004500   1112.9623    -60.2859  73872.0000
 114.000   .002643     168160.  -5490.0226   -.0003131   1015.9990    -33.8975  76950.0000
 120.000   .001139     134745.  -5637.2996   -.0002006    915.1491    -15.1948  80028.0000
 126.000   .000236     100729.  -5692.6895   -.0001131    812.4851     -3.2685  83106.0000
 132.000  -.000218  66554.7209  -5242.8321 -5.0984E-05    709.3440    153.2210    4212000.
 138.000  -.000376  37869.8868  -4154.2107 -1.2194E-05    622.7700    209.6528    3347009.
 144.000  -.000365  16717.3624  -2900.4194  8.0825E-06    558.9294    208.2776    3427522.
 150.000  -.000279   3056.1249  -1688.3417  1.5428E-05    517.6983    195.7483    4212000.
 156.000  -.000179  -3559.3996   -723.1386  1.5241E-05    519.2172    125.9861    4212000.
 162.000 -9.60E-05  -5637.9979   -143.0950  1.1824E-05    525.4907     67.3618    4212000.
 168.000 -3.76E-05  -5289.3093    138.1300  7.7650E-06    524.4383     26.3798    4212000.
 174.000 -2.78E-06  -3988.8246    223.1166  4.3186E-06    520.5133      1.9490    4212000.
 180.000  1.42E-05  -2616.5744    209.9710  1.8650E-06    516.3717     -6.3309    2666559.
 186.000  1.96E-05  -1471.1862    164.2115  3.4652E-07    512.9148     -8.9223    2730880.
 192.000  1.84E-05   -646.4101    111.7242 -4.4008E-07    510.4255     -8.5735    2795201.
 198.000  1.43E-05   -130.0206     65.5265 -7.2849E-07    508.8670     -6.8257    2859523.
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 204.000  9.66E-06    140.6942     30.9250 -7.2453E-07    508.8992     -4.7081    2923844.
 210.000  5.63E-06    241.8618      8.3923 -5.8242E-07    509.2045     -2.8028    2988165.
 216.000  2.67E-06    242.0313     -4.0947 -4.0268E-07    509.2051     -1.3595    3052486.
 222.000  7.96E-07    193.1603     -9.4133 -2.4102E-07    509.0576   -.4133365    3116808.
 228.000 -2.20E-07    129.3318    -10.1902 -1.2123E-07    508.8649    .1543876    4212000.
 234.000 -6.59E-07     71.0093     -8.3391 -4.6809E-08    508.6889    .4626492    4212000.
 240.000 -7.82E-07     29.3136     -5.3050 -9.5436E-09    508.5630    .5487104    4212000.
 246.000 -7.74E-07      7.3598     -2.0297  4.0792E-09    508.4968    .5430441    4212000.
 252.000 -7.33E-07      4.9527   -.3655457  8.6528E-09    508.4895    .0116784  95634.9027
 258.000 -6.70E-07      2.9640   -.2974547  1.1593E-08    508.4835    .0110186  98712.9027
 264.000 -5.94E-07      1.3707   -.2341892  1.3204E-08    508.4787    .0100700     101791.
 270.000 -5.11E-07    .1394251   -.1771701  1.3765E-08    508.4750    .0089364     104869.
 276.000 -4.28E-07   -.7702011   -.1272391  1.3530E-08    508.4769    .0077073     107947.
 282.000 -3.49E-07     -1.4021   -.0847475  1.2723E-08    508.4788    .0064566     111025.
 288.000 -2.76E-07     -1.8009   -.0496480  1.1534E-08    508.4800    .0052432     114103.
 294.000 -2.11E-07     -2.0103   -.0215836  1.0118E-08    508.4806    .0041116     117181.
 300.000 -1.54E-07     -2.0708  2.8813E-05  8.6019E-09    508.4808    .0030926     120259.
 306.000 -1.07E-07     -2.0192    .0159236  7.0826E-09    508.4807    .0022057     123337.
 312.000 -6.93E-08     -1.8874    .0269213  5.6315E-09    508.4803    .0014602     126415.
 318.000 -3.97E-08     -1.7023    .0338738  4.2980E-09    508.4797    .0008573     129493.
 324.000 -1.77E-08     -1.4856    .0376209  3.1139E-09    508.4791    .0003917     132571.
 330.000 -2.36E-09     -1.2542    .0389559  2.0962E-09    508.4784  5.3270E-05     135649.
 336.000  7.43E-09     -1.0204    .0386006  1.2513E-09    508.4777   -.0001717     138727.
 342.000  1.27E-08   -.7923167    .0371880  5.7796E-10    508.4770   -.0002992     141805.
 348.000  1.44E-08   -.5747276    .0352500  7.0160E-11    508.4763   -.0003468     144883.
 354.000  1.35E-08   -.3693922    .0332108 -2.8054E-10    508.4757   -.0003329     147961.
 360.000  1.10E-08   -.1758945    .0313817 -4.8309E-10    508.4751   -.0002768     151039.
 366.000  7.70E-09    .0077100    .0299577 -5.4557E-10    508.4746   -.0001979     154117.
 372.000  4.45E-09    .1841873    .0168743 -4.7429E-10    508.4751   -.0041632    5616000.
 378.000  2.01E-09    .2107139   -.0012671 -3.2760E-10    508.4752   -.0018839    5616000.
 384.000  5.17E-10    .1693356   -.0083699 -1.8642E-10    508.4751   -.0004837    5616000.
 390.000 -2.24E-10    .1104766   -.0091910 -8.2484E-11    508.4749    .0002100    5616000.
 396.000 -4.73E-10    .0591333   -.0072326 -1.9481E-11    508.4748    .0004428    5616000.
 402.000 -4.58E-10    .0237059   -.0046179  1.1291E-11    508.4746    .0004288    5616000.
 408.000 -3.38E-10    .0037062   -.0023836  2.1473E-11    508.4746    .0003159    5616000.
 414.000 -2.00E-10   -.0049210   -.0008729  2.1022E-11    508.4746    .0001876    5616000.
 420.000 -8.53E-11   -.0067917 -7.0580E-05  1.6671E-11    508.4746  7.9828E-05    5616000.
 426.000 -3.96E-13   -.0057859    .0001700  1.1999E-11    508.4746  3.7050E-07    5616000.
 432.000  5.87E-11   -.0047645    .0001668  8.0801E-12    508.4746 -1.4369E-06     146865.
 438.000  9.66E-11   -.0037928    .0001553  4.9015E-12    508.4746 -2.4132E-06     149943.
 444.000  1.18E-10   -.0029066    .0001390  2.4129E-12    508.4746 -2.9972E-06     153021.
 450.000  1.26E-10   -.0021270    .0001202  5.4312E-13    508.4746 -3.2656E-06     156099.
 456.000  1.24E-10   -.0014642    .0001006 -7.9087E-13    508.4746 -3.2907E-06     159177.
 462.000  1.16E-10   -.0009192  8.1292E-05 -1.6762E-12    508.4746 -3.1377E-06     162255.
 468.000  1.04E-10   -.0004869  6.3288E-05 -2.1985E-12    508.4746 -2.8637E-06     165333.
 474.000  8.96E-11   -.0001574  4.7148E-05 -2.4379E-12    508.4746 -2.5163E-06     168411.
 480.000  7.47E-11  8.1536E-05  3.3197E-05 -2.4660E-12    508.4746 -2.1342E-06     171489.
 486.000  6.01E-11    .0002436  2.1552E-05 -2.3453E-12    508.4746 -1.7473E-06     174567.
 492.000  4.65E-11    .0003427  1.2178E-05 -2.1275E-12    508.4746 -1.3775E-06     177645.
 498.000  3.45E-11    .0003921  4.9256E-06 -1.8545E-12    508.4746 -1.0399E-06     180723.
 504.000  2.43E-11    .0004038 -4.2487E-07 -1.5589E-12    508.4746 -7.4354E-07     183801.
 510.000  1.58E-11    .0003886 -4.1336E-06 -1.2645E-12    508.4746 -4.9270E-07     186879.
 516.000  9.10E-12    .0003556 -6.4758E-06 -9.8811E-13    508.4746 -2.8803E-07     189957.
 522.000  3.96E-12    .0003120 -7.7222E-06 -7.4013E-13    508.4746 -1.2745E-07     193035.
 528.000  2.16E-13    .0002637 -8.1257E-06 -5.2629E-13    508.4746 -7.0613E-09     196113.
 534.000 -2.35E-12    .0002151 -7.9125E-06 -3.4845E-13    508.4746  7.8148E-08     199191.
 540.000 -3.97E-12    .0001691 -7.2770E-06 -2.0574E-13    508.4746  1.3368E-07     202269.
 546.000 -4.82E-12    .0001280 -6.3808E-06 -9.5386E-14    508.4746  1.6506E-07     205347.
 552.000 -5.11E-12  9.2663E-05 -5.3531E-06 -1.3437E-14    508.4746  1.7751E-07     208425.
 558.000 -4.98E-12  6.3728E-05 -4.2935E-06  4.4656E-14    508.4746  1.7569E-07     211503.
 564.000 -4.57E-12  4.1093E-05 -3.2757E-06  8.3593E-14    508.4746  1.6359E-07     214581.
 570.000 -3.98E-12  2.4330E-05 -2.3517E-06  1.0789E-13    508.4746  1.4441E-07     217659.
 576.000 -3.28E-12  1.2756E-05 -1.5565E-06  1.2167E-13    508.4746  1.2065E-07     220737.
 582.000 -2.52E-12  5.5203E-06 -9.1246E-07  1.2846E-13    508.4746  9.4036E-08     223815.
 588.000 -1.74E-12  1.6677E-06 -4.3320E-07  1.3113E-13    508.4746  6.5717E-08     226893.
 594.000 -9.47E-13  1.8032E-07 -1.2711E-07  1.3182E-13    508.4746  3.6310E-08     229971.
 600.000 -1.56E-13      0.0000      0.0000  1.3188E-13    508.4746  6.0611E-09     116525.


Output Verification:
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RW 339 Lateral Pile Capacity MOMENT - Free Head
Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  1:


Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00364315
Maximum bending moment           =   323273.32555 lbs-in
Maximum shear force              =     8958.39227 lbs
Depth of maximum bending moment  =    66.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              8
Number of zero deflection points =              8


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  2
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  14611.7007   -.0068931    508.4746   -150.0768    900.4608
   6.000   .458641  88691.1109  13670.7668   -.0068602    776.1540   -163.5678   2139.8141
  12.000   .417678     171458.  12650.6181   -.0067635   1025.9541   -176.4817   2535.1847
  18.000   .377479     247803.  11556.2314   -.0066078   1256.3714   -188.3139   2993.2371
  24.000   .338384     317269.  10414.6454   -.0063979   1466.0281   -192.2148   3408.2238
  30.000   .300704     379689.   9214.2475   -.0061390   1654.4162   -207.9179   4148.6249
  36.000   .264716     434471.   7929.7598   -.0058366   1819.7538   -220.2447   4992.0244
  42.000   .230665     481149.   6574.2645   -.0054965   1960.6354   -231.5871   6023.9927
  48.000   .198758     519298.   5152.6418   -.0051248   2075.7720   -242.2872   7314.0264
  54.000   .169167     548516.   3677.5434   -.0047282   2163.9549   -249.4123   8846.1577
  60.000   .142020     568535.   2171.2696   -.0043133   2224.3745   -252.6790  10675.0838
  66.000   .117407     579229.    657.5529   -.0038869   2256.6518   -251.8933  12872.7767
  72.000   .095377     580623.   -839.0012   -.0034561   2260.8589   -246.9581  15535.7154
  78.000   .075935     572894.  -2293.5130   -.0030276   2237.5307   -237.8791  18796.1178
  84.000   .059046     556371.  -3681.4563   -.0026081   2187.6627   -224.7686  22840.0675
  90.000   .044637     531533.  -4979.3035   -.0022040   2112.6995   -207.8471  27938.1812
  96.000   .032598     499000.  -6165.1693   -.0018212   2014.5098   -187.4415  34500.6715
 102.000   .022783     459518.  -7219.4230   -.0014651   1895.3500   -163.9764  43184.1677
 108.000   .015016     413949.  -8125.2112   -.0011407   1757.8175   -137.9530  55121.9799
 114.000   .009095     363247.  -8868.7585   -.0008520   1604.7949   -109.8960  72502.1541
 120.000   .004792     308444.  -9390.2020   -.0006025   1439.3921    -63.9185  80028.0000
 126.000   .001865     251216.  -9659.4430   -.0003946   1266.6709    -25.8285  83106.0000
 132.000  5.71E-05     192957.  -9798.3310   -.0002296   1090.8393    -20.4675    2151989.
 138.000  -.000890     133884.  -9069.2273   -.0001082    912.5502    263.5021    1775422.
 144.000  -.001241  84242.9736  -7420.2140 -2.7170E-05    762.7290    286.1690    1383266.
 150.000  -.001217  44870.5059  -5707.2411  2.0791E-05    643.8986    284.8219    1404750.
 156.000  -.000992  15733.6269  -4040.2836  4.3303E-05    555.9604    270.8306    1638436.
 162.000  -.000697  -3659.6640  -2483.1154  4.7788E-05    519.5198    248.2255    2137087.
 168.000  -.000418 -14115.3689  -1081.9632  4.1185E-05    551.0763    218.8252    3138482.
 174.000  -.000203 -16687.7025      1.3788  2.9743E-05    558.8399    142.2888    4212000.
 180.000 -6.14E-05 -14130.9457    557.6108  1.8295E-05    551.1233     43.1219    4212000.
 186.000  1.68E-05 -10016.1319    663.9725  9.3252E-06    538.7044     -7.6680    2730880.
 192.000  5.05E-05  -6173.3473    570.4250  3.3114E-06    527.1064    -23.5145    2795201.
 198.000  5.66E-05  -3174.6079    418.9794 -1.6097E-07    518.0559    -26.9674    2859523.
 204.000  4.85E-05  -1145.4202    267.1111 -1.7657E-06    511.9316    -23.6554    2923844.
 210.000  3.54E-05     32.6320    143.2600 -2.1790E-06    508.5731    -17.6283    2988165.
 216.000  2.24E-05    576.0534     56.1955 -1.9529E-06    510.2132    -11.3932    3052486.
 222.000  1.20E-05    709.0871      3.3758 -1.4756E-06    510.6147     -6.2133    3116808.
 228.000  4.69E-06    618.1562    -22.7208 -9.8254E-07    510.3402     -2.4855    3181129.
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 234.000  1.70E-07    437.4987    -30.4540 -5.9041E-07    509.7950   -.0922119    3245450.
 240.000 -2.40E-06    253.3460    -25.6828 -3.3379E-07    509.2392      1.6826    4212000.
 246.000 -3.83E-06    129.6658    -12.5585 -1.9151E-07    508.8659      2.6921    4212000.
 252.000 -4.70E-06    102.8506     -4.2586 -1.0514E-07    508.7850    .0745143  95225.2064
 258.000 -5.10E-06     78.6766     -3.7845 -3.7712E-08    508.7120    .0835030  98303.2064
 264.000 -5.15E-06     57.4772     -3.2731  1.2864E-08    508.6480    .0869780     101381.
 270.000 -4.94E-06     39.3860     -2.7540  4.8844E-08    508.5934    .0860448     104459.
 276.000 -4.56E-06     24.3765     -2.2506  7.2529E-08    508.5481    .0817543     107537.
 282.000 -4.07E-06     12.3004     -1.7801  8.6153E-08    508.5117    .0750698     110615.
 288.000 -3.53E-06      2.9219     -1.3544  9.1808E-08    508.4834    .0668442     113693.
 294.000 -2.97E-06     -4.0513   -.9804330  9.1388E-08    508.4868    .0578066     116771.
 300.000 -2.43E-06     -8.9420   -.6613396  8.6562E-08    508.5016    .0485579     119849.
 306.000 -1.93E-06    -12.0809   -.3969486  7.8753E-08    508.5110    .0395724     122927.
 312.000 -1.49E-06    -13.7904   -.1846148  6.9143E-08    508.5162    .0312055     126005.
 318.000 -1.10E-06    -14.3710   -.0198867  5.8682E-08    508.5179    .0237039     129083.
 324.000 -7.82E-07    -14.0924    .1028823  4.8109E-08    508.5171    .0172191     132161.
 330.000 -5.24E-07    -13.1883    .1900054  3.7975E-08    508.5144    .0118219     135239.
 336.000 -3.26E-07    -11.8534    .2480190  2.8673E-08    508.5104    .0075160     138317.
 342.000 -1.80E-07    -10.2431    .2833214  2.0465E-08    508.5055    .0042515     141395.
 348.000 -8.04E-08     -8.4756    .3018872  1.3512E-08    508.5002    .0019371     144473.
 354.000 -1.83E-08     -6.6350    .3090461  7.8990E-09    508.4946    .0004492     147551.
 360.000  1.43E-08     -4.7756    .3093137  3.6605E-09    508.4890   -.0003600     150629.
 366.000  2.57E-08     -2.9272    .3062617  7.9918E-10    508.4834   -.0006573     153707.
 372.000  2.39E-08     -1.1013    .2370932 -6.9726E-10    508.4779   -.0223988    5616000.
 378.000  1.73E-08   -.0813337    .1213401 -1.1366E-09    508.4748   -.0161856    5616000.
 384.000  1.03E-08    .3559967    .0438845 -1.0345E-09    508.4757   -.0096330    5616000.
 390.000  4.88E-09    .4463974    .0012886 -7.3648E-10    508.4759   -.0045657    5616000.
 396.000  1.45E-09    .3722549   -.0164910 -4.3238E-10    508.4757   -.0013609    5616000.
 402.000 -3.11E-10    .2489723   -.0197011 -2.0162E-10    508.4753    .0002908    5616000.
 408.000 -9.66E-10    .1360598   -.0161173 -5.8597E-11    508.4750    .0009037    5616000.
 414.000 -1.01E-09    .0556277   -.0105591  1.2608E-11    508.4747    .0009490    5616000.
 420.000 -8.14E-10    .0093370   -.0054257  3.6739E-11    508.4746    .0007621    5616000.
 426.000 -5.73E-10   -.0095204   -.0015303  3.6671E-11    508.4746    .0005363    5616000.
 432.000 -3.74E-10   -.0090659    .0001074  2.9767E-11    508.4746  9.5420E-06     152999.
 438.000 -2.16E-10   -.0082643    .0001528  2.3330E-11    508.4746  5.6136E-06     156077.
 444.000 -9.42E-11   -.0072572    .0001772  1.7564E-11    508.4746  2.4999E-06     159155.
 450.000 -5.03E-12   -.0061573    .0001851  1.2581E-11    508.4746  1.3611E-07     162233.
 456.000  5.67E-11   -.0050499    .0001808  8.4181E-12    508.4746 -1.5630E-06     165311.
 462.000  9.60E-11   -.0039968    .0001680  5.0576E-12    508.4746 -2.6938E-06     168389.
 468.000  1.17E-10   -.0030391    .0001499  2.4440E-12    508.4746 -3.3556E-06     171467.
 474.000  1.25E-10   -.0022010    .0001289  4.9754E-13    508.4746 -3.6454E-06     174545.
 480.000  1.23E-10   -.0014932    .0001070 -8.7471E-13    508.4746 -3.6529E-06     177623.
 486.000  1.15E-10   -.0009163  8.5644E-05 -1.7698E-12    508.4746 -3.4579E-06     180701.
 492.000  1.02E-10   -.0004636  6.5883E-05 -2.2823E-12    508.4746 -3.1290E-06     183779.
 498.000  8.74E-11   -.0001233  4.8328E-05 -2.5003E-12    508.4746 -2.7227E-06     186857.
 504.000  7.22E-11    .0001191  3.3308E-05 -2.5019E-12    508.4746 -2.2840E-06     189935.
 510.000  5.74E-11    .0002791  2.0916E-05 -2.3540E-12    508.4746 -1.8466E-06     193013.
 516.000  4.39E-11    .0003726  1.1072E-05 -2.1119E-12    508.4746 -1.4348E-06     196091.
 522.000  3.21E-11    .0004143  3.5747E-06 -1.8196E-12    508.4746 -1.0643E-06     199169.
 528.000  2.21E-11    .0004175 -1.8495E-06 -1.5107E-12    508.4746 -7.4381E-07     202247.
 534.000  1.39E-11    .0003937 -5.5114E-06 -1.2094E-12    508.4746 -4.7679E-07     205325.
 540.000  7.55E-12    .0003526 -7.7288E-06 -9.3216E-13    508.4746 -2.6238E-07     208403.
 546.000  2.75E-12    .0003020 -8.8064E-06 -6.8901E-13    508.4746 -9.6818E-08     211481.
 552.000 -7.14E-13    .0002477 -9.0203E-06 -4.8484E-13    508.4746  2.5540E-08     214559.
 558.000 -3.07E-12    .0001942 -8.6094E-06 -3.2068E-13    508.4746  1.1140E-07     217637.
 564.000 -4.56E-12    .0001447 -7.7717E-06 -1.9477E-13    508.4746  1.6783E-07     220715.
 570.000 -5.41E-12    .0001012 -6.6631E-06 -1.0343E-13    508.4746  2.0173E-07     223793.
 576.000 -5.80E-12  6.4876E-05 -5.3996E-06 -4.1739E-14    508.4746  2.1944E-07     226871.
 582.000 -5.91E-12  3.6438E-05 -4.0618E-06 -4.1051E-15    508.4746  2.2647E-07     229949.
 588.000 -5.85E-12  1.6138E-05 -2.7005E-06  1.5425E-14    508.4746  2.2731E-07     233027.
 594.000 -5.72E-12  4.0155E-06 -1.3428E-06  2.2911E-14    508.4746  2.2525E-07     236105.
 600.000 -5.58E-12      0.0000      0.0000  2.4403E-14    508.4746  2.2235E-07     119591.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  2:
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RW 339 Lateral Pile Capacity MOMENT - Free Head
Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00689313
Maximum bending moment           =   580623.35456 lbs-in
Maximum shear force              =    14611.70070 lbs
Depth of maximum bending moment  =    72.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              9
Number of zero deflection points =              7


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  3
------------------------------------------------------------------------------


Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000  23455.0844   -.0130543    508.4746   -159.6031    478.8093
   6.000   .921674     144907.  22427.7090   -.0130005    945.8196   -182.8553   1190.3685
  12.000   .843994     283173.  21249.1610   -.0128415   1363.1215   -209.9940   1492.8584
  18.000   .767577     413766.  19892.7212   -.0125826   1757.2643   -242.1526   1892.8599
  24.000   .693004     535475.  18348.5156   -.0122300   2124.5958   -272.5827   2360.0108
  30.000   .620817     647156.  16569.2902   -.0117907   2461.6624   -320.4925   3097.4570
  36.000   .551516     747040.  14509.4760   -.0112728   2763.1232   -366.1123   3982.9764
  42.000   .485544     833445.  12263.5795   -.0106857   3023.9007   -382.5199   4726.9032
  48.000   .423287     905744.   9928.2186   -.0100397   3242.1076   -395.9338   5612.2692
  54.000   .365068     963426.   7526.1105   -.0093453   3416.1988   -404.7690   6652.4950
  60.000   .311143    1006150.   5083.7533   -.0086137   3545.1447   -409.3501   7893.7902
  66.000   .261704    1033734.   2625.1534   -.0078560   3628.3956   -410.1832   9404.1492
  72.000   .216872    1046136.    173.7752   -.0070834   3665.8277   -406.9428  11258.5360
  78.000   .176703    1043469.  -2239.6547   -.0063072   3657.7780   -397.5338  13498.3823
  84.000   .141185    1026072.  -4577.8939   -.0055384   3605.2720   -381.8793  16228.8456
  90.000   .110242     994516.  -6803.9660   -.0047879   3510.0318   -360.1447  19601.2033
  96.000   .083731     949596.  -8882.3014   -.0040657   3374.4571   -332.6337  23835.9028
 102.000   .061453     892319. -10779.5363   -.0033815   3201.5912   -299.7779  29268.9488
 108.000   .043153     823893. -12465.2065   -.0027440   2995.0736   -262.1122  36444.3159
 114.000   .028525     745700. -13912.2003   -.0021610   2759.0793   -220.2191  46321.3532
 120.000   .017221     659281. -15096.6311   -.0016391   2498.2550   -174.5912  60829.2011
 126.000   .008856     566311. -15988.3995   -.0011838   2217.6627   -122.6649  83106.0000
 132.000   .003015     468698. -16902.5831   -.0007994   1923.0570   -182.0629     362279.
 138.000  -.000736     364343. -16697.5780   -.0004899   1608.1023    250.3980    2040661.
 144.000  -.002864     268856. -14891.0284   -.0002547   1319.9126    351.7852     737063.
 150.000  -.003793     185926. -12703.3191 -8.5772E-05   1069.6196    377.4512     597123.
 156.000  -.003893     116509. -10430.9652  2.6570E-05    860.1123    380.0001     585675.
 162.000  -.003474  60725.7765  -8182.6720  9.2406E-05    691.7516    369.4310     638077.
 168.000  -.002784  18217.4225  -6025.3760    .0001217    563.4567    349.6677     753573.
 174.000  -.002013 -11710.2038  -4008.5779    .0001241    543.8172    322.5984     961499.
 180.000  -.001294 -30019.5906  -2173.5717    .0001086    599.0770    289.0703    1340032.
 186.000  -.000709 -37910.4021   -559.4244  8.3413E-05    622.8923    248.9788    2105993.
 192.000  -.000293 -36822.7687    805.3268  5.5653E-05    619.6097    205.9383    4212000.
 198.000 -4.15E-05 -28306.5855   1510.5685  3.1460E-05    593.9069     29.1423    4212000.
 204.000  8.42E-05 -18729.9236   1474.9661  1.3987E-05    565.0035    -41.0098    2923844.
 210.000   .000126 -10622.0988   1163.1804  3.0844E-06    540.5332    -62.9188    2988165.
 216.000   .000121  -4775.0902    789.4920 -2.6351E-06    522.8863    -61.6440    3052486.
 222.000  9.47E-05  -1145.3490    456.9558 -4.8343E-06    511.9314    -49.2014    3116808.
 228.000  6.32E-05    713.6002    208.8968 -4.9947E-06    510.6283    -33.4849    3181129.
 234.000  3.48E-05   1366.8068     52.0052 -4.2219E-06    512.5997    -18.8123    3245450.
 240.000  1.25E-05   1342.2219    -25.1081 -3.2156E-06    512.5255     -6.8921    3309772.
 246.000 -3.81E-06   1068.9824    -37.7651 -2.3199E-06    511.7009      2.6731    4212000.
 252.000 -1.53E-05    891.5464    -29.0080 -1.5917E-06    511.1654    .2459035  96150.8107
 258.000 -2.29E-05    722.6053    -27.1337 -9.9207E-07    510.6555    .3788519  99228.8107


Page 8







RW 339 Lateral Pile Capacity MOMENT - Free Head
 264.000 -2.72E-05    567.0129    -24.6033 -5.1303E-07    510.1859    .4646377     102307.
 270.000 -2.91E-05    427.9201    -21.6779 -1.4345E-07    509.7661    .5104855     105385.
 276.000 -2.90E-05    307.0330    -18.5753  1.2956E-07    509.4012    .5237135     108463.
 282.000 -2.75E-05    204.8765    -15.4700  3.1971E-07    509.0929    .5114035     111541.
 288.000 -2.51E-05    121.0483    -12.4953  4.4078E-07    508.8399    .4801481     114619.
 294.000 -2.22E-05     54.4569     -9.7472  5.0597E-07    508.6389    .4358717     117697.
 300.000 -1.91E-05      3.5350     -7.2885  5.2751E-07    508.4852    .3837188     120775.
 306.000 -1.59E-05    -33.5745     -5.1533  5.1635E-07    508.5759    .3280015     123853.
 312.000 -1.29E-05    -58.8624     -3.3527  4.8202E-07    508.6522    .2721947     126931.
 318.000 -1.01E-05    -74.3277     -1.8792  4.3254E-07    508.6989    .2189713     130009.
 324.000 -7.68E-06    -81.8802   -.7115153  3.7452E-07    508.7217    .1702642     133087.
 330.000 -5.61E-06    -83.2704    .1813189  3.1317E-07    508.7259    .1273472     136165.
 336.000 -3.92E-06    -80.0426    .8361386  2.5251E-07    508.7162    .0909260     139243.
 342.000 -2.58E-06    -73.5094      1.2926  1.9547E-07    508.6964    .0612304     142321.
 348.000 -1.57E-06    -64.7424      1.5906  1.4411E-07    508.6700    .0381039     145399.
 354.000 -8.52E-07    -54.5777      1.7682  9.9792E-08    508.6393    .0210836     148477.
 360.000 -3.75E-07    -43.6321      1.8598  6.3311E-08    508.6063    .0094693     151555.
 366.000 -9.23E-08    -32.3281      1.8954  3.5095E-08    508.5721    .0023779     154633.
 372.000  4.62E-08    -20.9255      1.7726  1.5313E-08    508.5377   -.0432882    5616000.
 378.000  9.15E-08    -11.0729      1.3859  3.4269E-09    508.5080   -.0856332    5616000.
 384.000  8.74E-08     -4.2987    .8836418 -2.2830E-09    508.4876   -.0817793    5616000.
 390.000  6.41E-08   -.4667563    .4583331 -4.0532E-09    508.4760   -.0599903    5616000.
 396.000  3.87E-08      1.2057    .1696004 -3.7787E-09    508.4782   -.0362539    5616000.
 402.000  1.87E-08      1.5725    .0081947 -2.7467E-09    508.4793   -.0175480    5616000.
 408.000  5.77E-09      1.3070   -.0606584 -1.6771E-09    508.4785   -.0054030    5616000.
 414.000 -1.38E-09    .8464394   -.0730011 -8.7715E-10    508.4771    .0012888    5616000.
 420.000 -4.75E-09    .4319352   -.0557873 -4.0229E-10    508.4759    .0044491    5616000.
 426.000 -6.20E-09    .1774260   -.0250181 -1.7593E-10    508.4751    .0058073    5616000.
 432.000 -6.86E-09    .1319079   -.0070584 -6.1028E-11    508.4750    .0001793     156694.
 438.000 -6.94E-09    .0927906   -.0059665  2.2439E-11    508.4749    .0001847     159772.
 444.000 -6.60E-09    .0602858   -.0048753  7.9300E-11    508.4748    .0001790     162850.
 450.000 -5.99E-09    .0342011   -.0038418  1.1440E-10    508.4747    .0001655     165928.
 456.000 -5.22E-09    .0140612   -.0029039  1.3233E-10    508.4746    .0001471     169006.
 462.000 -4.40E-09   -.0007886   -.0020842  1.3726E-10    508.4746    .0001261     172084.
 468.000 -3.58E-09   -.0110980   -.0013928  1.3284E-10    508.4746    .0001044     175162.
 474.000 -2.80E-09   -.0176452   -.0008298  1.2216E-10    508.4746  8.3271E-05     178240.
 480.000 -2.11E-09   -.0211877   -.0003888  1.0774E-10    508.4746  6.3747E-05     181318.
 486.000 -1.51E-09   -.0224268 -5.8284E-05  9.1538E-11    508.4746  4.6413E-05     184396.
 492.000 -1.01E-09   -.0219860    .0001757  7.5040E-11    508.4746  3.1589E-05     187474.
 498.000 -6.10E-10   -.0203991    .0003286  5.9296E-11    508.4746  1.9365E-05     190552.
 504.000 -2.99E-10   -.0181070    .0004157  4.4992E-11    508.4746  9.6634E-06     193630.
 510.000 -6.98E-11   -.0154597    .0004515  3.2524E-11    508.4746  2.2897E-06     196708.
 516.000  9.08E-11   -.0127238    .0004493  2.2055E-11    508.4746 -3.0250E-06     199786.
 522.000  1.95E-10   -.0100916    .0004205  1.3580E-11    508.4746 -6.5869E-06     202864.
 528.000  2.54E-10   -.0076926    .0003746  6.9737E-12    508.4746 -8.7115E-06     205942.
 534.000  2.79E-10   -.0056041    .0003194  2.0345E-12    508.4746 -9.7021E-06     209020.
 540.000  2.78E-10   -.0038626    .0002607 -1.4819E-12    508.4746 -9.8349E-06     212098.
 546.000  2.61E-10   -.0024736    .0002032 -3.8355E-12    508.4746 -9.3501E-06     215176.
 552.000  2.32E-10   -.0014202    .0001498 -5.2819E-12    508.4746 -8.4461E-06     218254.
 558.000  1.97E-10   -.0006703    .0001026 -6.0584E-12    508.4746 -7.2794E-06     221332.
 564.000  1.59E-10   -.0001822  6.2886E-05 -6.3751E-12    508.4746 -5.9652E-06     224410.
 570.000  1.21E-10  9.1222E-05  3.1246E-05 -6.4089E-12    508.4746 -4.5814E-06     227488.
 576.000  8.26E-11    .0001997  7.9815E-06 -6.3008E-12    508.4746 -3.1735E-06     230566.
 582.000  4.52E-11    .0001938 -6.8223E-06 -6.1547E-12    508.4746 -1.7611E-06     233644.
 588.000  8.73E-12    .0001245 -1.3139E-05 -6.0365E-12    508.4746 -3.4438E-07     236722.
 594.000 -2.72E-11  4.2660E-05 -1.0909E-05 -5.9744E-12    508.4746  1.0876E-06     239800.
 600.000 -6.30E-11      0.0000      0.0000 -5.9585E-12    508.4746  2.5488E-06     121439.


Output Verification:


Computed forces and moments are within specified convergence limits.


Output Summary for Load Case No.  3:


Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01305429
Maximum bending moment           =       1046136. lbs-in
Maximum shear force              =    23455.08436 lbs
Depth of maximum bending moment  =    72.00000000 in
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RW 339 Lateral Pile Capacity MOMENT - Free Head
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              7


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000  90000.0000    .2500000     323273.   8958.3923
  4  y=   .500000 M=     0.000  90000.0000    .5000000     580623.  14611.7007
  4  y=  1.000000 M=     0.000  90000.0000   1.0000000    1046136.  23455.0844


The analysis ended normally. 
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RW 339 Lateral Pile Capacity Critical Length
==============================================================================


                LPILE Plus for Windows, Version 5.0 (5.0.35)


               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method


                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               


==============================================================================


This program is licensed to: 


Software Coordinator
URS Corporation


Path to file locations:      T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 
Soundwalls\Report\Addendum\Calculations\RW 339\Lateral Pile Capacity\
Name of input data file:     RW 339 Lateral Pile Capacity Critical Length.lpd
Name of output file:         RW 339 Lateral Pile Capacity Critical Length.lpo
Name of plot output file:    RW 339 Lateral Pile Capacity Critical Length.lpp
Name of runtime file:        RW 339 Lateral Pile Capacity Critical Length.lpr


------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------


               Date:  April 27, 2009     Time:   9:35:13


------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------


New LPILE Plus 5.0 Data File                                                    


------------------------------------------------------------------------------
                                Program Options
------------------------------------------------------------------------------


Units Used in Computations - US Customary Units: Inches, Pounds


Basic Program Options:


Analysis Type 1: 
- Computation of Lateral Pile Response Using User-specified Constant EI


Computation Options:
- Only internally-generated p-y curves used in analysis
- Analysis uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis includes automatic computation of pile-top deflection vs.
  pile embedment length
- No computation of foundation stiffness matrix elements
- Output summary table of values for pile-head deflection, maximum
bending moment, and shear force only
- Analysis assumes no soil movements acting on pile
- No additional p-y curves to be computed at user-specified depths


Solution Control Parameters:
- Number of pile increments            =          100
- Maximum number of iterations allowed =          100
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+02 in


Printing Options:
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RW 339 Lateral Pile Capacity Critical Length
- Only summary tables of pile-head deflection, maximum bending moment,
  and maximum shear force are to be printed in output file.


------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------


Pile Length                               =     250.00 in


Depth of ground surface below top of pile =     -36.00 in


Slope angle of ground surface             =      33.00 deg.


Structural properties of pile defined using  2 points


Point    Depth         Pile      Moment of       Pile      Modulus of
           X         Diameter     Inertia        Area      Elasticity
           in           in         in**4        Sq.in      lbs/Sq.in
-----  ---------   -----------   ----------   ----------   -----------
  1       0.0000   15.00000000    2485.0000     177.0000      3250000.
  2     250.0000   15.00000000    2485.0000     177.0000      3250000.


------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------


The soil profile is modelled using  5 layers


Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -36.000 in
Distance from top of pile to bottom of layer =      130.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      130.000 in
Distance from top of pile to bottom of layer =      250.000 in


Layer  3 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      250.000 in
Distance from top of pile to bottom of layer =      370.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      370.000 in
Distance from top of pile to bottom of layer =      430.000 in


Layer  5 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      430.000 in
Distance from top of pile to bottom of layer =      800.000 in
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3


(Depth of lowest layer extends  550.00 in below pile tip)


------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------


Effective unit weight of soil with depth defined using 10 points


Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -36.00         .06940
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RW 339 Lateral Pile Capacity Critical Length
  2           130.00         .06940
  3           130.00         .06940
  4           250.00         .06940
  5           250.00         .06940
  6           370.00         .06940
  7           370.00         .06940
  8           430.00         .06940
  9           430.00         .06940
 10           800.00         .06940


------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------


Shear strength parameters with depth defined using 10 points


Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -36.000         .00000           35.00           ------    ------
  2      130.000         .00000           35.00           ------    ------
  3      130.000       15.60000             .00           .00500        .0
  4      250.000       15.60000             .00           .00500        .0
  5      250.000         .00000           33.00           ------    ------
  6      370.000         .00000           33.00           ------    ------
  7      370.000       20.80000             .00           .00500        .0
  8      430.000       20.80000             .00           .00500        .0
  9      430.000         .00000           34.00           ------    ------
 10      800.000         .00000           34.00           ------    ------


Notes:


(1)  Cohesion = uniaxial compressive strength for rock materials.
(2)  Values of E50 are reported for clay strata. 
(3)  Default values will be generated for E50 when input values are 0.
(4)  RQD and k_rm are reported only for weak rock strata.


------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------


Distribution of p-y multipliers with depth defined using  2 points


Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000          .8500         1.0000
  2          600.000          .8500         1.0000


------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------


Static loading criteria was used for computation of p-y curves.


------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------


Number of loads specified =  1
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RW 339 Lateral Pile Capacity Critical Length
Load Case Number  1


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Shear force at pile head    =       21880.000 lbs
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =       90000.000 lbs


(Zero moment at pile head for this load indicates a free-head condition)


------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  1
------------------------------------------------------------------------------


Pile-head boundary conditions are Shear and Moment (BC Type 1)
Specified shear force at pile head  =       21880.000 lbs
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =       90000.000 lbs


(Zero moment for this load indicates free-head conditions)


Output Verification:


Computed forces and moments are within specified convergence limits.


------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------


Definition of Symbols for Pile-Head Loading Conditions:


Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad


Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  1  V=    21880. M=     0.000  90000.0000      1.0003    1004110.  21880.0000


------------------------------------------------------------------------------
                     Pile-head Deflection vs. Pile Length
------------------------------------------------------------------------------


Boundary Condition Type 1, Shear and Moment


Shear      =          21880. lbs
Moment     =              0. in-lbs
Axial Load =          90000. lbs


   Pile       Pile Head       Maximum      Maximum
  Length      Deflection      Moment        Shear 
    in           in           in-lbs         lbs
-----------  ------------  ------------  ------------
   250.000    1.00026447      1004110.   21880.00000
   237.500    1.00033029      1004120.   21880.00000
   225.000    1.00041653      1003952.   21880.00000
   212.500    1.00101796      1003738.   21880.00000


Page 4







RW 339 Lateral Pile Capacity Critical Length
   200.000    1.00138188      1003792.   21880.00000
   187.500    1.00161893      1003697.   21880.00000
   175.000    1.02403303  997405.89679   21880.00000
   162.500    1.11519910  982909.48718   21880.00000
   150.000    1.39767395  978790.72654   21880.00000
   137.500    2.05016680      1012650.  -26797.25506


The analysis ended normally. 
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2.085


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 339 at "2MT1 Line" Station 75+25
Static Analysis


Wall Height = 16 ft


Cooper E80 Rail Road Surcharge = 1882 psf


Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 750 psf
Phi: 35 °


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 250 psf
Phi: 35 °


RW 339
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1.661


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 339 at "2MT1 Line" Station 75+25
Pseudo Static Analysis
kh = 0.147


Wall Height = 16 ft


Cooper E80 Rail Road Surcharge = 1882 psf


Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 750 psf
Phi: 35 °


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 250 psf
Phi: 35 °
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2.523


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 339 at "2MT1 Line" Station 76+25
Static Analysis


Wall Height = 24 ft


Cooper E80 Rail Road Surcharge Load = 1882 psf


Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 750 psf
Phi: 35 °


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 250 psf
Phi: 35 °
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2.043


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 339 at "2MT1 Line" Station 76+25
Pseudo Static Analysis
kh = 0.147


Wall Height = 24 ft


Cooper E80 Rail Road Surcharge Load = 1882 psf


Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 750 psf
Phi: 35 °


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 250 psf
Phi: 35 °
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989811


Location: Riverside, CA


Subject: Retaining Wall 342


Width of the Wall is 18.25 ft


Date: 4/16/2009


Note:


Input Parameters (from Input-Output Sheet)


c cohesion 750 psf 35.910194 kPa


φ friction angle 35 degrees 35 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 18.25 feet 5.56 m


L length of foundation 362 feet 110.33 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.464 radians 0.464 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 33.30


Nc 46.12


Nγ 48.03


Shape Factors


Fcs 1.04


Fqs 1.04


Fγs 0.98


Depth Factors


Fcd 1.07


Fqd 1.04


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 0.23


Fqg 0.25


Fγg 0.25


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 24.8 ksf 1186 kPa


qall 8.3 ksf 395 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989811


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 342


Width of the Foundation is 18.25 ft


Date: 4/16/2009 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 112 ft 1 0 3 3 120 0.3 NA NA 900 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 22 19 120 0.3 NA NA 900 Sand N NA


Depth Interval 0.5 ft


Footing Length 362 ft


Footing Width 18.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 181 ft


Calculation Point offset Along Width 9.125 ft


Ground Surface Elevation 855 ft MSL


Foundation Pressure 6300 psf


Net Foundation Pressure 5940 psf Total Layer Thickness 22 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.05


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 854.75 120.00 30.00 0.00 30.00 0.30 900.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 854.25 120.00 90.00 0.00 90.00 0.30 900.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 853.75 120.00 150.00 0.00 150.00 0.30 900.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 853.25 120.00 210.00 0.00 210.00 0.30 900.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 852.75 120.00 270.00 0.00 270.00 0.30 900.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 852.25 120.00 330.00 0.00 330.00 0.30 900.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 851.75 120.00 390.00 0.00 390.00 0.30 900.00 NA NA 5884.56 Sand N 390.00 0.039


2 3.5 4 3.75 0.75 851.25 120.00 450.00 0.00 450.00 0.30 900.00 NA NA 5773.76 Sand N 450.00 0.038


2 4 4.5 4.25 1.25 850.75 120.00 510.00 0.00 510.00 0.30 900.00 NA NA 5663.25 Sand N 510.00 0.038


2 4.5 5 4.75 1.75 850.25 120.00 570.00 0.00 570.00 0.30 900.00 NA NA 5553.21 Sand N 570.00 0.037


2 5 5.5 5.25 2.25 849.75 120.00 630.00 0.00 630.00 0.30 900.00 NA NA 5443.82 Sand N 630.00 0.036


2 5.5 6 5.75 2.75 849.25 120.00 690.00 0.00 690.00 0.30 900.00 NA NA 5335.25 Sand N 690.00 0.036


2 6 6.5 6.25 3.25 848.75 120.00 750.00 0.00 750.00 0.30 900.00 NA NA 5227.68 Sand N 750.00 0.035


2 6.5 7 6.75 3.75 848.25 120.00 810.00 0.00 810.00 0.30 900.00 NA NA 5121.26 Sand N 810.00 0.034


2 7 7.5 7.25 4.25 847.75 120.00 870.00 0.00 870.00 0.30 900.00 NA NA 5016.13 Sand N 870.00 0.033


2 7.5 8 7.75 4.75 847.25 120.00 930.00 0.00 930.00 0.30 900.00 NA NA 4912.43 Sand N 930.00 0.033


2 8 8.5 8.25 5.25 846.75 120.00 990.00 0.00 990.00 0.30 900.00 NA NA 4810.29 Sand N 990.00 0.032


2 8.5 9 8.75 5.75 846.25 120.00 1050.00 0.00 1050.00 0.30 900.00 NA NA 4709.81 Sand N 1050.00 0.031


2 9 9.5 9.25 6.25 845.75 120.00 1110.00 0.00 1110.00 0.30 900.00 NA NA 4611.10 Sand N 1110.00 0.031


2 9.5 10 9.75 6.75 845.25 120.00 1170.00 0.00 1170.00 0.30 900.00 NA NA 4514.23 Sand N 1170.00 0.030


2 10 10.5 10.25 7.25 844.75 120.00 1230.00 0.00 1230.00 0.30 900.00 NA NA 4419.27 Sand N 1230.00 0.029


2 10.5 11 10.75 7.75 844.25 120.00 1290.00 0.00 1290.00 0.30 900.00 NA NA 4326.30 Sand N 1290.00 0.029


2 11 11.5 11.25 8.25 843.75 120.00 1350.00 0.00 1350.00 0.30 900.00 NA NA 4235.35 Sand N 1350.00 0.028


2 11.5 12 11.75 8.75 843.25 120.00 1410.00 0.00 1410.00 0.30 900.00 NA NA 4146.45 Sand N 1410.00 0.028


2 12 12.5 12.25 9.25 842.75 120.00 1470.00 0.00 1470.00 0.30 900.00 NA NA 4059.65 Sand N 1470.00 0.027


2 12.5 13 12.75 9.75 842.25 120.00 1530.00 0.00 1530.00 0.30 900.00 NA NA 3974.94 Sand N 1530.00 0.026


2 13 13.5 13.25 10.25 841.75 120.00 1590.00 0.00 1590.00 0.30 900.00 NA NA 3892.34 Sand N 1590.00 0.026


2 13.5 14 13.75 10.75 841.25 120.00 1650.00 0.00 1650.00 0.30 900.00 NA NA 3811.84 Sand N 1650.00 0.025


2 14 14.5 14.25 11.25 840.75 120.00 1710.00 0.00 1710.00 0.30 900.00 NA NA 3733.43 Sand N 1710.00 0.025


2 14.5 15 14.75 11.75 840.25 120.00 1770.00 0.00 1770.00 0.30 900.00 NA NA 3657.11 Sand N 1770.00 0.024


2 15 15.5 15.25 12.25 839.75 120.00 1830.00 0.00 1830.00 0.30 900.00 NA NA 3582.84 Sand N 1830.00 0.024


2 15.5 16 15.75 12.75 839.25 120.00 1890.00 0.00 1890.00 0.30 900.00 NA NA 3510.60 Sand N 1890.00 0.023


2 16 16.5 16.25 13.25 838.75 120.00 1950.00 0.00 1950.00 0.30 900.00 NA NA 3440.35 Sand N 1950.00 0.023


2 16.5 17 16.75 13.75 838.25 120.00 2010.00 0.00 2010.00 0.30 900.00 NA NA 3372.07 Sand N 2010.00 0.022


2 17 17.5 17.25 14.25 837.75 120.00 2070.00 0.00 2070.00 0.30 900.00 NA NA 3305.71 Sand N 2070.00 0.022


2 17.5 18 17.75 14.75 837.25 120.00 2130.00 0.00 2130.00 0.30 900.00 NA NA 3241.22 Sand N 2130.00 0.022


2 18 18.5 18.25 15.25 836.75 120.00 2190.00 0.00 2190.00 0.30 900.00 NA NA 3178.58 Sand N 2190.00 0.021


2 18.5 19 18.75 15.75 836.25 120.00 2250.00 0.00 2250.00 0.30 900.00 NA NA 3117.73 Sand N 2250.00 0.021


2 19 19.5 19.25 16.25 835.75 120.00 2310.00 0.00 2310.00 0.30 900.00 NA NA 3058.63 Sand N 2310.00 0.020


2 19.5 20 19.75 16.75 835.25 120.00 2370.00 0.00 2370.00 0.30 900.00 NA NA 3001.22 Sand N 2370.00 0.020


2 20 20.5 20.25 17.25 834.75 120.00 2430.00 0.00 2430.00 0.30 900.00 NA NA 2945.47 Sand N 2430.00 0.020


2 20.5 21 20.75 17.75 834.25 120.00 2490.00 0.00 2490.00 0.30 900.00 NA NA 2891.32 Sand N 2490.00 0.019


2 21 21.5 21.25 18.25 833.75 120.00 2550.00 0.00 2550.00 0.30 900.00 NA NA 2838.73 Sand N 2550.00 0.019


2 21.5 22 21.75 18.75 833.25 120.00 2610.00 0.00 2610.00 0.30 900.00 NA NA 2787.65 Sand N 2610.00 0.019


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\Addendum\Calculations\RW 342\Settlement\SR91 Settlement  Ver 0 - RW 342 (width 18.25 ft) (Elastic Modulus and 1D Consolid) 1 of 1







2.390


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 342 @ "2MT2 Line" Station 80+25
Static Analysis


Wall Height = 32 ft


Cooper E80 Rail Road Surcharge Load = 1882 psf


Name: Artificial Fill 


Unit Weight: 120 pcf
Cohesion: 750 psf
Phi: 35 °


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 360 psf


Phi: 34 °
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1.821


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 342 @ "2MT2 Line" Station 80+25
Pseudo Static Analysis
kh = 0.147


Wall Height = 32 ft


Cooper E80 Rail Road Surcharge Load = 1882 psf


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 750 psf


Phi: 35 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 360 psf


Phi: 34 °
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2.064


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 342 @ "2MT2 Line" Station 81+00
Static Analysis


Wall Height = 28 ft


Cooper E80 Rail Road Surcharge Load = 1882 psf


Name: Artificial Fill 


Unit Weight: 120 pcf
Cohesion: 750 psf
Phi: 35 °


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 360 psf


Phi: 34 °


Offset (ft)
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1.735


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 342 @ "2MT2 Line" Station 81+00
Pseduo Static Analysis
kh = 0.147


Wall Height = 28 ft


Cooper E80 Rail Road Surcharge Load = 1882 psf


Name: Artificial Fill 


Unit Weight: 120 pcf


Cohesion: 750 psf


Phi: 35 °


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 360 psf


Phi: 34 °


Offset (ft)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989811


Location: Riverside, CA


Subject: Retaining Wall 344A


Width of the Wall is 18.25 ft


Date: 4/16/2009


Note:


Input Parameters (from Input-Output Sheet)


c cohesion 750 psf 35.910194 kPa


φ friction angle 35 degrees 35 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 18.25 feet 5.56 m


L length of foundation 362 feet 110.33 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.464 radians 0.464 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 33.30


Nc 46.12


Nγ 48.03


Shape Factors


Fcs 1.04


Fqs 1.04


Fγs 0.98


Depth Factors


Fcd 1.07


Fqd 1.04


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 0.23


Fqg 0.25


Fγg 0.25


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 24.8 ksf 1186 kPa


qall 8.3 ksf 395 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989811


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 344A


Width of the Foundation is 18.25 ft


Date: 4/16/2009 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 118 ft 1 0 3 3 120 0.3 NA NA 900 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 22 19 120 0.3 NA NA 900 Sand N NA


Depth Interval 0.5 ft


Footing Length 362 ft


Footing Width 18.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 181 ft


Calculation Point offset Along Width 9.125 ft


Ground Surface Elevation 861 ft MSL


Foundation Pressure 6300 psf


Net Foundation Pressure 5940 psf Total Layer Thickness 22 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 1.05


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 860.75 120.00 30.00 0.00 30.00 0.30 900.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 860.25 120.00 90.00 0.00 90.00 0.30 900.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 859.75 120.00 150.00 0.00 150.00 0.30 900.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 859.25 120.00 210.00 0.00 210.00 0.30 900.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 858.75 120.00 270.00 0.00 270.00 0.30 900.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 858.25 120.00 330.00 0.00 330.00 0.30 900.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 857.75 120.00 390.00 0.00 390.00 0.30 900.00 NA NA 5884.56 Sand N 390.00 0.039


2 3.5 4 3.75 0.75 857.25 120.00 450.00 0.00 450.00 0.30 900.00 NA NA 5773.76 Sand N 450.00 0.038


2 4 4.5 4.25 1.25 856.75 120.00 510.00 0.00 510.00 0.30 900.00 NA NA 5663.25 Sand N 510.00 0.038


2 4.5 5 4.75 1.75 856.25 120.00 570.00 0.00 570.00 0.30 900.00 NA NA 5553.21 Sand N 570.00 0.037


2 5 5.5 5.25 2.25 855.75 120.00 630.00 0.00 630.00 0.30 900.00 NA NA 5443.82 Sand N 630.00 0.036


2 5.5 6 5.75 2.75 855.25 120.00 690.00 0.00 690.00 0.30 900.00 NA NA 5335.25 Sand N 690.00 0.036


2 6 6.5 6.25 3.25 854.75 120.00 750.00 0.00 750.00 0.30 900.00 NA NA 5227.68 Sand N 750.00 0.035


2 6.5 7 6.75 3.75 854.25 120.00 810.00 0.00 810.00 0.30 900.00 NA NA 5121.26 Sand N 810.00 0.034


2 7 7.5 7.25 4.25 853.75 120.00 870.00 0.00 870.00 0.30 900.00 NA NA 5016.13 Sand N 870.00 0.033


2 7.5 8 7.75 4.75 853.25 120.00 930.00 0.00 930.00 0.30 900.00 NA NA 4912.43 Sand N 930.00 0.033


2 8 8.5 8.25 5.25 852.75 120.00 990.00 0.00 990.00 0.30 900.00 NA NA 4810.29 Sand N 990.00 0.032


2 8.5 9 8.75 5.75 852.25 120.00 1050.00 0.00 1050.00 0.30 900.00 NA NA 4709.81 Sand N 1050.00 0.031


2 9 9.5 9.25 6.25 851.75 120.00 1110.00 0.00 1110.00 0.30 900.00 NA NA 4611.10 Sand N 1110.00 0.031


2 9.5 10 9.75 6.75 851.25 120.00 1170.00 0.00 1170.00 0.30 900.00 NA NA 4514.23 Sand N 1170.00 0.030


2 10 10.5 10.25 7.25 850.75 120.00 1230.00 0.00 1230.00 0.30 900.00 NA NA 4419.27 Sand N 1230.00 0.029


2 10.5 11 10.75 7.75 850.25 120.00 1290.00 0.00 1290.00 0.30 900.00 NA NA 4326.30 Sand N 1290.00 0.029


2 11 11.5 11.25 8.25 849.75 120.00 1350.00 0.00 1350.00 0.30 900.00 NA NA 4235.35 Sand N 1350.00 0.028


2 11.5 12 11.75 8.75 849.25 120.00 1410.00 0.00 1410.00 0.30 900.00 NA NA 4146.45 Sand N 1410.00 0.028


2 12 12.5 12.25 9.25 848.75 120.00 1470.00 0.00 1470.00 0.30 900.00 NA NA 4059.65 Sand N 1470.00 0.027


2 12.5 13 12.75 9.75 848.25 120.00 1530.00 0.00 1530.00 0.30 900.00 NA NA 3974.94 Sand N 1530.00 0.026


2 13 13.5 13.25 10.25 847.75 120.00 1590.00 0.00 1590.00 0.30 900.00 NA NA 3892.34 Sand N 1590.00 0.026


2 13.5 14 13.75 10.75 847.25 120.00 1650.00 0.00 1650.00 0.30 900.00 NA NA 3811.84 Sand N 1650.00 0.025


2 14 14.5 14.25 11.25 846.75 120.00 1710.00 0.00 1710.00 0.30 900.00 NA NA 3733.43 Sand N 1710.00 0.025


2 14.5 15 14.75 11.75 846.25 120.00 1770.00 0.00 1770.00 0.30 900.00 NA NA 3657.11 Sand N 1770.00 0.024


2 15 15.5 15.25 12.25 845.75 120.00 1830.00 0.00 1830.00 0.30 900.00 NA NA 3582.84 Sand N 1830.00 0.024


2 15.5 16 15.75 12.75 845.25 120.00 1890.00 0.00 1890.00 0.30 900.00 NA NA 3510.60 Sand N 1890.00 0.023


2 16 16.5 16.25 13.25 844.75 120.00 1950.00 0.00 1950.00 0.30 900.00 NA NA 3440.35 Sand N 1950.00 0.023


2 16.5 17 16.75 13.75 844.25 120.00 2010.00 0.00 2010.00 0.30 900.00 NA NA 3372.07 Sand N 2010.00 0.022


2 17 17.5 17.25 14.25 843.75 120.00 2070.00 0.00 2070.00 0.30 900.00 NA NA 3305.71 Sand N 2070.00 0.022


2 17.5 18 17.75 14.75 843.25 120.00 2130.00 0.00 2130.00 0.30 900.00 NA NA 3241.22 Sand N 2130.00 0.022


2 18 18.5 18.25 15.25 842.75 120.00 2190.00 0.00 2190.00 0.30 900.00 NA NA 3178.58 Sand N 2190.00 0.021


2 18.5 19 18.75 15.75 842.25 120.00 2250.00 0.00 2250.00 0.30 900.00 NA NA 3117.73 Sand N 2250.00 0.021


2 19 19.5 19.25 16.25 841.75 120.00 2310.00 0.00 2310.00 0.30 900.00 NA NA 3058.63 Sand N 2310.00 0.020


2 19.5 20 19.75 16.75 841.25 120.00 2370.00 0.00 2370.00 0.30 900.00 NA NA 3001.22 Sand N 2370.00 0.020


2 20 20.5 20.25 17.25 840.75 120.00 2430.00 0.00 2430.00 0.30 900.00 NA NA 2945.47 Sand N 2430.00 0.020


2 20.5 21 20.75 17.75 840.25 120.00 2490.00 0.00 2490.00 0.30 900.00 NA NA 2891.32 Sand N 2490.00 0.019


2 21 21.5 21.25 18.25 839.75 120.00 2550.00 0.00 2550.00 0.30 900.00 NA NA 2838.73 Sand N 2550.00 0.019


2 21.5 22 21.75 18.75 839.25 120.00 2610.00 0.00 2610.00 0.30 900.00 NA NA 2787.65 Sand N 2610.00 0.019


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\Addendum\Calculations\RW 344A\Settlement\SR91 Settlement  Ver 0 - RW 344A (width 18.25 ft) (Elastic Modulus and 1D Consolid) 1 of 1







2.559


Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 750 psf
Phi: 35 °


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 360 psf
Phi: 34 °


Cooper E80 Rail Road Surcharge Load = 1882 psf


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 344A 
Static Analysis


Wall Height = 32 ft


RW 344A


Offset (ft)
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2.021


Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 750 psf
Phi: 35 °


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 360 psf
Phi: 34 °


Cooper E80 Rail Road Surcharge Load = 1882 psf


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 344A 
Pseudo Static Analysis
kh = 0.147


Wall Height = 32 ft


RW 344A


Offset (ft)
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2.848


Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 750 psf
Phi: 35 °


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 360 psf
Phi: 34 °


Cooper E80 Rail Road Surcharge Load = 1882 psf


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 344A at "2MT2 Line" Station 80+50
Static Analysis


Wall Height = 20 ft


RW 344A


Offset (ft)
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2.160


Name: Artificial Fill 
Unit Weight: 120 pcf
Cohesion: 750 psf
Phi: 35 °


Name: Alluvium 
Unit Weight: 120 pcf
Cohesion: 360 psf
Phi: 34 °


Cooper E80 Rail Road Surcharge Load = 1882 psf


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 344A at "2MT2 Line" Station 80+50
Pseudo Static Analysis
kh = 0.147


Wall Height = 20 ft


RW 344A


Offset (ft)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Retaining Wall 379 - Level Ground


Width of the Wall is 7.25 ft


Date: 4/15/2009


Input Parameters (from Input-Output Sheet)


c cohesion 200 psf 9.5760518 kPa


φ friction angle 37 degrees 37 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 7.25 feet 2.21 m


L length of foundation 1000 feet 304.79 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 42.92


Nc 55.63


Nγ 66.19


Shape Factors


Fcs 1.01


Fqs 1.01


Fγs 1.00


Depth Factors


Fcd 1.17


Fqd 1.10


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 58.7 ksf 2811 kPa


qall 19.6 ksf 937 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989802


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 379


Width of the Foundation is 7.25 ft


Date: 4/15/2009 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 120 0.3 NA NA 1100 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 11 8 120 0.3 NA NA 1100 Sand N NA


Depth Interval 0.5 ft


Footing Length 1000 ft


Footing Width 7.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 500 ft


Calculation Point offset Along Width 3.625 ft


Ground Surface Elevation 862 ft MSL


Foundation Pressure 2800 psf


Net Foundation Pressure 2440 psf Total Layer Thickness 11 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.15


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 861.75 120.00 30.00 0.00 30.00 0.30 1100.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 861.25 120.00 90.00 0.00 90.00 0.30 1100.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 860.75 120.00 150.00 0.00 150.00 0.30 1100.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 860.25 120.00 210.00 0.00 210.00 0.30 1100.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 859.75 120.00 270.00 0.00 270.00 0.30 1100.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 859.25 120.00 330.00 0.00 330.00 0.30 1100.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 858.75 120.00 390.00 0.00 390.00 0.30 1100.00 NA NA 2382.76 Sand N 390.00 0.013


2 3.5 4 3.75 0.75 858.25 120.00 450.00 0.00 450.00 0.30 1100.00 NA NA 2268.90 Sand N 450.00 0.012


2 4 4.5 4.25 1.25 857.75 120.00 510.00 0.00 510.00 0.30 1100.00 NA NA 2156.86 Sand N 510.00 0.012


2 4.5 5 4.75 1.75 857.25 120.00 570.00 0.00 570.00 0.30 1100.00 NA NA 2047.71 Sand N 570.00 0.011


2 5 5.5 5.25 2.25 856.75 120.00 630.00 0.00 630.00 0.30 1100.00 NA NA 1942.38 Sand N 630.00 0.011


2 5.5 6 5.75 2.75 856.25 120.00 690.00 0.00 690.00 0.30 1100.00 NA NA 1841.57 Sand N 690.00 0.010


2 6 6.5 6.25 3.25 855.75 120.00 750.00 0.00 750.00 0.30 1100.00 NA NA 1745.80 Sand N 750.00 0.010


2 6.5 7 6.75 3.75 855.25 120.00 810.00 0.00 810.00 0.30 1100.00 NA NA 1655.37 Sand N 810.00 0.009


2 7 7.5 7.25 4.25 854.75 120.00 870.00 0.00 870.00 0.30 1100.00 NA NA 1570.40 Sand N 870.00 0.009


2 7.5 8 7.75 4.75 854.25 120.00 930.00 0.00 930.00 0.30 1100.00 NA NA 1490.87 Sand N 930.00 0.008


2 8 8.5 8.25 5.25 853.75 120.00 990.00 0.00 990.00 0.30 1100.00 NA NA 1416.67 Sand N 990.00 0.008


2 8.5 9 8.75 5.75 853.25 120.00 1050.00 0.00 1050.00 0.30 1100.00 NA NA 1347.57 Sand N 1050.00 0.007


2 9 9.5 9.25 6.25 852.75 120.00 1110.00 0.00 1110.00 0.30 1100.00 NA NA 1283.31 Sand N 1110.00 0.007


2 9.5 10 9.75 6.75 852.25 120.00 1170.00 0.00 1170.00 0.30 1100.00 NA NA 1223.60 Sand N 1170.00 0.007


2 10 10.5 10.25 7.25 851.75 120.00 1230.00 0.00 1230.00 0.30 1100.00 NA NA 1168.14 Sand N 1230.00 0.006


2 10.5 11 10.75 7.75 851.25 120.00 1290.00 0.00 1290.00 0.30 1100.00 NA NA 1116.61 Sand N 1290.00 0.006


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\Addendum\Calculations\RW 379\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 1 - RW379 (width 7.25 ft) (Elastic Modulus and 
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2.783


Surcharge Load = 240 psf


RW 375


RW 379


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 379
Static Analysis


Name: Backfill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Wall Height = 12 ft
Width of the Wall = 7.25 ft


Name: Alluvium  


Unit Weight: 120 pcf


Cohesion: 200 psf


Phi: 37 °


Offset (ft)
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2.208


Surcharge Load = 240 psf


RW 375


RW 379


Slope Stability Analysis 


State Route 91 Retaining Wall and Soundwall Project


Retaining Wall 379


Pseudo Static Analysis


kh = 0.147


Name: Backfill 


Unit Weight: 120 pcf


Cohesion: 100 psf


Phi: 34 °


Wall Height = 12 ft


Width of the Wall = 7.25 ft


Name: Alluvium  


Unit Weight: 120 pcf


Cohesion: 200 psf


Phi: 37 °


Offset (ft)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989811


Location: Riverside, CA


Subject: Retaining Wall 385 - Level Ground


Width of the Wall is 9 ft


Date: 3/31/2009


Input Parameters (from Input-Output Sheet)


c cohesion 200 psf 9.5760518 kPa


φ friction angle 37 degrees 37 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 9 feet 2.74 m


L length of foundation 190 feet 57.91 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 42.92


Nc 55.63


Nγ 66.19


Shape Factors


Fcs 1.04


Fqs 1.04


Fγs 0.98


Depth Factors


Fcd 1.13


Fqd 1.08


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 65.3 ksf 3126 kPa


qall 21.8 ksf 1042 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989811


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 385


Width of the Foundation is 9 ft


Date: 3/31/2009 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 83 ft 1 0 3 3 120 0.3 NA NA 1000 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 12 9 120 0.3 NA NA 1000 Sand N NA


Depth Interval 0.5 ft


Footing Length 190 ft


Footing Width 9 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 95 ft


Calculation Point offset Along Width 4.5 ft


Ground Surface Elevation 845 ft MSL


Foundation Pressure 8300 psf


Net Foundation Pressure 7940 psf Total Layer Thickness 12 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.60


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 844.75 120.00 30.00 0.00 30.00 0.30 1000.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 844.25 120.00 90.00 0.00 90.00 0.30 1000.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 843.75 120.00 150.00 0.00 150.00 0.30 1000.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 843.25 120.00 210.00 0.00 210.00 0.30 1000.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 842.75 120.00 270.00 0.00 270.00 0.30 1000.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 842.25 120.00 330.00 0.00 330.00 0.30 1000.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 841.75 120.00 390.00 0.00 390.00 0.30 1000.00 NA NA 7789.77 Sand N 390.00 0.047


2 3.5 4 3.75 0.75 841.25 120.00 450.00 0.00 450.00 0.30 1000.00 NA NA 7490.37 Sand N 450.00 0.045


2 4 4.5 4.25 1.25 840.75 120.00 510.00 0.00 510.00 0.30 1000.00 NA NA 7194.08 Sand N 510.00 0.043


2 4.5 5 4.75 1.75 840.25 120.00 570.00 0.00 570.00 0.30 1000.00 NA NA 6902.84 Sand N 570.00 0.041


2 5 5.5 5.25 2.25 839.75 120.00 630.00 0.00 630.00 0.30 1000.00 NA NA 6618.40 Sand N 630.00 0.040


2 5.5 6 5.75 2.75 839.25 120.00 690.00 0.00 690.00 0.30 1000.00 NA NA 6342.23 Sand N 690.00 0.038


2 6 6.5 6.25 3.25 838.75 120.00 750.00 0.00 750.00 0.30 1000.00 NA NA 6075.55 Sand N 750.00 0.036


2 6.5 7 6.75 3.75 838.25 120.00 810.00 0.00 810.00 0.30 1000.00 NA NA 5819.27 Sand N 810.00 0.035


2 7 7.5 7.25 4.25 837.75 120.00 870.00 0.00 870.00 0.30 1000.00 NA NA 5574.03 Sand N 870.00 0.033


2 7.5 8 7.75 4.75 837.25 120.00 930.00 0.00 930.00 0.30 1000.00 NA NA 5340.21 Sand N 930.00 0.032


2 8 8.5 8.25 5.25 836.75 120.00 990.00 0.00 990.00 0.30 1000.00 NA NA 5117.94 Sand N 990.00 0.031


2 8.5 9 8.75 5.75 836.25 120.00 1050.00 0.00 1050.00 0.30 1000.00 NA NA 4907.19 Sand N 1050.00 0.029


2 9 9.5 9.25 6.25 835.75 120.00 1110.00 0.00 1110.00 0.30 1000.00 NA NA 4707.75 Sand N 1110.00 0.028


2 9.5 10 9.75 6.75 835.25 120.00 1170.00 0.00 1170.00 0.30 1000.00 NA NA 4519.31 Sand N 1170.00 0.027


2 10 10.5 10.25 7.25 834.75 120.00 1230.00 0.00 1230.00 0.30 1000.00 NA NA 4341.46 Sand N 1230.00 0.026


2 10.5 11 10.75 7.75 834.25 120.00 1290.00 0.00 1290.00 0.30 1000.00 NA NA 4173.73 Sand N 1290.00 0.025


2 11 11.5 11.25 8.25 833.75 120.00 1350.00 0.00 1350.00 0.30 1000.00 NA NA 4015.62 Sand N 1350.00 0.024


2 11.5 12 11.75 8.75 833.25 120.00 1410.00 0.00 1410.00 0.30 1000.00 NA NA 3866.60 Sand N 1410.00 0.023


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\Addendum\Calculations\RW 385\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 1 - RW385 (width 9 ft) (Elastic Modulus and 1D 
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3.417


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 385
Static Analysis


Wall Height = 16 ft
Width of the Wall = 9 ft


Surcharge Load = 240 psf


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 200 psf


Phi: 37 °


RW 385


Distance (ft)


60 70 80 90 100 110 120 130 140 150 160 170 180 190 200


E
le


v
a


ti
o


n
 (


ft
 M


S
L


)


810


820


830


840


850


860







2.455


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 385
Pseudo Static Analysis
kh = 0.147


Wall Height = 16 ft
Width of the Wall = 9 ft


Surcharge Load = 240 psf


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 200 psf


Phi: 37 °


RW 385


Distance (ft)
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Calculation of Bearing Capacity


Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989811


Location: Riverside, CA


Subject: Retaining Wall 387 - Level Ground


Width of the Wall is 6.25 ft


Date: 3/31/2009


Input Parameters (from Input-Output Sheet)


c cohesion 250 psf 11.970065 kPa


φ friction angle 33 degrees 33 degrees


γ unit weight of soil 120 pcf 18.84 kN/m3


B width of foundation 6.25 feet 1.90 m


L length of foundation 50 feet 15.24 m


Df depth of foundation 3 feet 0.91 m


Df depth of water 100 feet 30.48 m


β slope inclination 0.001 radians 0.001 radians


α load inclination 0.000 degrees 0.000 degrees


Output


Bearing Capacity Factors


Nq 26.09


Nc 38.64


Nγ 35.19


Shape Factors


Fcs 1.08


Fqs 1.08


Fγs 0.95


Depth Factors


Fcd 1.19


Fqd 1.13


Fγd 1.00


Effects of Water Table


q 360.00 psf 17.2 kPa


γ 120.00 pcf 18.84 kN/m3


Ground Inclination Factors


Fcg 1.00


Fqg 1.00


Fγg 1.00


Load Inclination Factors


Fci 1.00


Fqi 1.00


Fγi 1.00


Ultimate and Allowable Bearing Pressures


qult 36.4 ksf 1744 kPa


qall 12.1 ksf 581 kPa


Ref


Das 1990 Principles of Foundation Engineering Second Edition


Fang 1997 Foundation Engineering Handbook Second Edition







Job Name: State Route 91 Retaining Walls and Soundwalls


Job No. 30989811


Location: Riverside, CA


Subject: Settlement Calculation for Retaining Wall 387


Width of the Foundation is 6.25 ft


Date: 3/31/2009 Soil Profile Data Unit Poisson Compression Recompression Elastic Preconso


Layer Layer Weight Ratio Ratio Ratio Modulus Pressure


No. Top Bottom Thickness γt ν CCR CRR Pc


(ft) (ft) (ft) (lb/ft3) (ksf) (psf)


Depth to Ground Water 100 ft 1 0 3 3 120 0.3 NA NA 1000 Sand N NA


Unit Weight of Water 62.4 lb/ft3 2 3 10 7 120 0.3 NA NA 1000 Sand N NA


Depth Interval 0.5 ft


Footing Length 50 ft


Footing Width 6.25 ft


Footing Depth of Embedment 3 ft


Calculation Point offset Along Length 25 ft


Calculation Point offset Along Width 3.125 ft


Ground Surface Elevation 850 ft MSL


Foundation Pressure 3000 psf


Net Foundation Pressure 2640 psf Total Layer Thickness 10 ft


N/O - Normally Consolidated/Over Consolidated


Estimated Settlement (in) 0.15


Layer Top Bottom Middle Depth below Elevation Total Total Pore Effective Poisson Elastic Comp Recomp Stress Preconsol


No. of of Height of Bottom Middle Unit Overburden Water Overburden Ratio Modulus Ratio Ratio Increase Pressure Settlement


Layer Layer Layer of Footing of Layer Weight Pressure Pressure Pressure ν CCR CRR
∆p (Sand/Clay) (N/O) Pc


(ft) (ft) (ft) (ft) (ft MSL) (lb/ft3) (psf) (psf) (psf) (ksf) (psf) (psf) (in)


1 0 0.5 0.25 0 849.75 120.00 30.00 0.00 30.00 0.30 1000.00 NA NA 0.00 Sand N 30.00 0.000


1 0.5 1 0.75 0 849.25 120.00 90.00 0.00 90.00 0.30 1000.00 NA NA 0.00 Sand N 90.00 0.000


1 1 1.5 1.25 0 848.75 120.00 150.00 0.00 150.00 0.30 1000.00 NA NA 0.00 Sand N 150.00 0.000


1 1.5 2 1.75 0 848.25 120.00 210.00 0.00 210.00 0.30 1000.00 NA NA 0.00 Sand N 210.00 0.000


1 2 2.5 2.25 0 847.75 120.00 270.00 0.00 270.00 0.30 1000.00 NA NA 0.00 Sand N 270.00 0.000


1 2.5 3 2.75 0 847.25 120.00 330.00 0.00 330.00 0.30 1000.00 NA NA 0.00 Sand N 330.00 0.000


2 3 3.5 3.25 0.25 846.75 120.00 390.00 0.00 390.00 0.30 1000.00 NA NA 2567.62 Sand N 390.00 0.015


2 3.5 4 3.75 0.75 846.25 120.00 450.00 0.00 450.00 0.30 1000.00 NA NA 2423.89 Sand N 450.00 0.015


2 4 4.5 4.25 1.25 845.75 120.00 510.00 0.00 510.00 0.30 1000.00 NA NA 2283.19 Sand N 510.00 0.014


2 4.5 5 4.75 1.75 845.25 120.00 570.00 0.00 570.00 0.30 1000.00 NA NA 2147.27 Sand N 570.00 0.013


2 5 5.5 5.25 2.25 844.75 120.00 630.00 0.00 630.00 0.30 1000.00 NA NA 2017.52 Sand N 630.00 0.012


2 5.5 6 5.75 2.75 844.25 120.00 690.00 0.00 690.00 0.30 1000.00 NA NA 1894.92 Sand N 690.00 0.011


2 6 6.5 6.25 3.25 843.75 120.00 750.00 0.00 750.00 0.30 1000.00 NA NA 1780.04 Sand N 750.00 0.011


2 6.5 7 6.75 3.75 843.25 120.00 810.00 0.00 810.00 0.30 1000.00 NA NA 1673.12 Sand N 810.00 0.010


2 7 7.5 7.25 4.25 842.75 120.00 870.00 0.00 870.00 0.30 1000.00 NA NA 1574.10 Sand N 870.00 0.009


2 7.5 8 7.75 4.75 842.25 120.00 930.00 0.00 930.00 0.30 1000.00 NA NA 1482.73 Sand N 930.00 0.009


2 8 8.5 8.25 5.25 841.75 120.00 990.00 0.00 990.00 0.30 1000.00 NA NA 1398.60 Sand N 990.00 0.008


2 8.5 9 8.75 5.75 841.25 120.00 1050.00 0.00 1050.00 0.30 1000.00 NA NA 1321.24 Sand N 1050.00 0.008


2 9 9.5 9.25 6.25 840.75 120.00 1110.00 0.00 1110.00 0.30 1000.00 NA NA 1250.14 Sand N 1110.00 0.008


2 9.5 10 9.75 6.75 840.25 120.00 1170.00 0.00 1170.00 0.30 1000.00 NA NA 1184.76 Sand N 1170.00 0.007


Soil Type


Soil Type


------------     Depth to     ------------


SETTLEMENT ANALYSIS


Depth (bgs)


T:\!12\Caltrans 59A0590 - June 2007\TO 59002 SR 91 Soundwalls\Report\Addendum\Calculations\RW 387\Settlement\SR91 Soundwall Project Settlement Calculation of Shallow Footings Ver 1 - RW387 (width 6.25 ft) (Elastic Modulus and 


1D Consolid) 1 of 1







3.223


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 387
Static Analysis


Wall Height = 10 ft
Width of the Wall = 6.25 ft


Surcharge Load = 240 psf


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 250 psf


Phi: 33 °


RW 387


Distance (ft)
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2.642


Slope Stability Analysis 
State Route 91 Retaining Wall and Soundwall Project
Retaining Wall 387
Pseudo Static Analysis
kh = 0.147


Wall Height = 10 ft
Width of the Wall = 6.25 ft


Surcharge Load = 240 psf


Name: Alluvium 


Unit Weight: 120 pcf


Cohesion: 250 psf


Phi: 33 °


RW 387


Distance (ft)
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