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Figure 1

Santa Cruz County,
California VICINITY MAP

Route 17 Shoulder Widening

GEOCON Proj. No. S9800-02-08

Task Order No. 8 January 2014
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TABLE 1
Boring Coordinates

SR-17 Shoulder Widening
Santa Cruz County, California

Boring Northing Easting Latitude Longitude

GCO1 1,861,988.468 6,131,173.952 37.099201 -121.976117
GCO2 1,862,050.596 6,131,142.247 37.099370 -121.976229
GCO3 1,862,145.926 6,131,079.230 37.099630 -121.976450
SL1 1,860,140.824 6,130,729.152 37.094108 -121.977542
SL2 1,860,222.943 6,130,794.384 37.094336 -121.977323
SL3 1,860,316.244 6,130,860.683 37.094596 -121.977100

Coordinates shown in feet, NAD 83, Zone 3
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TABLE 2
Summary of Lead and pH Results

SR-17 Shoulder Widening
Santa Cruz County, California

Sample ID

Sample
Depth
(feet)

Total
Lead

(mg/kg)

WET
Lead
(mg/l)

DI-WET
Lead
(mg/l)

TCLP
Lead
(mg/l) pH

GC01-0 0 to 0.5 210 3.5 --- --- ---
GC01-1 1 to 1.5 84 2.5 --- --- ---
GC01-2 2 to 2.5 9.6 --- --- --- ---
GC01-3 3 to 3.5 18 --- --- --- ---
GC01-4 4 to 4.5 7.4 --- --- --- ---
GC01-5 5 to 5.5 8.8 --- --- --- ---
GC01-6 6 to 6.5 4.3 --- --- --- ---
GC01-7 7 to 7.5 7.4 --- --- --- ---

GC02-0 0 to 0.5 50 3.3 --- --- ---
GC02-1 1 to 1.5 85 4.8 --- --- ---
GC02-2 2 to 2.5 62 1.1 --- --- ---
GC02-3 3 to 3.5 18 --- --- --- ---
GC02-4 4 to 4.5 20 --- --- --- ---
GC02-5 5 to 5.5 21 --- --- --- ---
GC02-6 6 to 6.5 57 3.3 --- --- ---

GC03-0 0 to 0.5 8.0 --- --- --- ---
GC03-1 1 to 1.5 68 2.7 --- --- ---
GC03-2 2 to 2.5 5.1 --- --- --- ---
GC03-3 3 to 3.5 42 --- --- --- ---
GC03-4 4 to 4.5 260 28 2.5 0.55 6.6
GC03-5 5 to 5.5 62 5.1 <1.0 --- ---
GC03-6 6 to 6.5 7.9 --- --- --- ---
GC03-7 7 to 7.5 14 --- --- --- ---

SL1-0 0 to 0.5 260 26 1.1 0.69 6.6
SL1-1 1 to 1.5 10 --- --- --- ---
SL1-2 2 to 2.5 5.5 --- --- --- ---
SL1-3 3 to 3.5 6.8 --- --- --- ---
SL1-4 4 to 4.5 9.6 --- --- --- ---
SL1-5 5 to 5.5 5.5 --- --- --- ---
SL1-6 6 to 6.5 4.4 --- --- --- ---
SL1-7 7 to 7.5 4.5 --- --- --- ---

SL2-0 0 to 0.5 360/520* 76 18 3.1 7.6
SL2-1 1 to 1.5 190 7.4 1.1 1.7 6.6
SL2-2 2 to 2.5 13 --- --- --- ---
SL2-3 3 to 3.5 39 --- --- --- ---
SL2-4 4 to 4.5 7.5 --- --- --- ---
SL2-5 5 to 5.5 4.4 --- --- --- ---
SL2-6 6 to 6.5 7.6 --- --- --- ---
SL2-7 7 to 7.5 16 --- --- --- ---
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TABLE 2
Summary of Lead and pH Results

SR-17 Shoulder Widening
Santa Cruz County, California

Sample ID

Sample
Depth
(feet)

Total
Lead

(mg/kg)

WET
Lead
(mg/l)

DI-WET
Lead
(mg/l)

TCLP
Lead
(mg/l) pH

SL3-0 0 to 0.5 110 26 1.1 0.84 5.6
SL3-1 1 to 1.5 130 2.8 --- --- ---
SL3-2 2 to 2.5 60 <1.0 --- --- ---
SL3-3 3 to 3.5 100 2.2 --- --- ---
SL3-4 4 to 4.5 9.3 --- --- --- ---
SL3-5 5 to 5.5 50 1.1 --- --- ---
SL3-6 6 to 6.5 4.0 --- --- --- ---
SL3-7 7 to 7.5 6.1 --- --- --- ---

RB-1 <0.0050 mg/l

Hazardous Waste Criteria

TTLC (mg/kg) 1,000 --- --- --- ---

STLC (mg/l) --- 5.0 --- --- ---

TCLP (mg/l) --- --- --- 5.0 ---

Notes:
mg/kg  = Milligrams per kilogram

mg/l  = Milligrams per liter
WET  = Waste Extraction Test using citric acid as the extraction fluid

TTLC  = Total Threshold Limit Concentration
STLC  = Soluble Threshold Limit Concentration

DI-WET  = soluble lead using deionized water as the extraction fluid
TCLP  = Soluble Threshold Limit Concentration

* Denotes initial/re-analysis results. Sample was re-extracted and re-analyzed for confirmation.
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TABLE 3
Summary of CAM 17 Metals Results

SR-17 Shoulder Widening
Santa Cruz County, California

Sample
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GC01-6 6 to 6.5 <2.0 2.9 55 <1.0 <1.0 15 6.0 11 4.3 <0.10 <1.0 22 <1.0 <1.0 <1.0 42 30

GC02-0 0 to 0.5 <2.0 17 53 <1.0 <1.0 16 3.4 17 50 <0.10 2.3 16 <1.0 <1.0 <1.0 19 79

GC03-3 3 to 3.5 <2.0 75
<1.0

19 <1.0 <1.0 6.8 1.7 6.5 42 <0.10 <1.0 12 <1.0 <1.0 <1.0 20 26

SL1-0 0 to 0.5 <2.0 9.2 51 <1.0 <1.0 11 3.5 21 260 <0.10 1.6 10 <1.0 <1.0 <1.0 21 85

SL2-2 2 to 2.5 <2.0 4.4 78 <1.0 <1.0 16 7.5 13 13 <0.10 1.5 22 <1.0 <1.0 <1.0 14 41

SL3-7 7 to 7.5 <2.0 6.8 52 <1.0 <1.0 19 5.6 16 6.1 <0.10 1.7 17 <1.0 <1.0 <1.0 14 46

ESLs
Residential Land Use 20 0.39 750 4.0 12 1,000 23 230 80 6.7 40 150 10 20 0.78 200 600

Commercial/Industrial Land Use 40 1.6 1,500 8.0 12 2,500 80 230 320 10 40 150 10 40 10 200 600
Construction Worker Exposure 120 10 61,000 180 110 460,000* 49 12,000 320 27 1,500 6,100 1,500 1,500 3.1 1,500 93,000

Hazardous Waste Criteria
TTLC (mg/kg) 500 500 10,000 75 100 2,500 8,000 2,500 1,000 20 3,500 2,000 100 500 700 2,400 5,000

STLC (mg/l) 15 5.0 100 0.75 1.0 5.0 80 25 5.0 0.2 350 20 1.0 5.0 7.0 24 250
TCLP (mg/l) --- 5.0 100 --- 1.0 6.0 --- --- 5.0 0.2 --- --- 1.0 5.0 --- --- ---

Notes:
Results are shown in milligrams per kilogram (mg/kg).
Values listed for chromium are for Chromium III, as there is no standard for total chromium.
< = Analyte was not detected above the laboratory reporting limit.
ESLs = Environmental Screening Levels, Tables A and K-3, SFRWQCB, Revised December 2013.
TTLC = total threshold limit concentration
STLC = soluble threshold limit concentration
TCLP = toxicity characteristic leaching procedure
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M e m o r a n d u m Flex your power! 
 Be energy efficient! 
 
 

To: GARY JOE Date: April 16, 2014 
Branch Chief 
Division of Engineering Services, Structure Design  File: 05-SCr-17-8.55 
Office of Bridge Design – Central, Branch 17  0500020244 (EA 05-0T9801) 
  Sugarloaf Road Soil Nail Wall 

Attn:  Rene Coria Br. No. 36E-0040 
Project Engineer   
 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES  

Subject: Foundation Report for Sugarloaf Road Soil Nail Wall 

Scope of Work 

A Foundation Report (FR) is provided for the Sugarloaf Road Soil Nail Wall per your request 
dated October 24, 2013. 

Work performed for this report includes a literature search, field mapping, a subsurface 
investigation performed in December 2013, and geotechnical analyses. 

Project Description 

State Route 17 in the project area is a rural four-lane divided conventional highway that crosses 
the Santa Cruz Mountains.  It connects the cities of Santa Cruz and San Jose.  The route serves 
regional and interregional traffic, including motorists who commute daily to job centers in the 
Silicon Valley.  The roadway in the project area includes sharp curves and steep grades.  The 
roadway cross section consists of 0-foot to 2-foot inside shoulders, 11-foot to 12-foot lanes, and 
outside shoulders varying in width from less than one foot to over 8 feet.  Concrete median 
barrier separates northbound and southbound traffic throughout the project area. 

It is proposed to widen the northbound roadway in the project area to include a 5-foot inside 
shoulder, two 12-foot lanes, and an 8 to 10-foot outside shoulder.  A soil nail retaining wall with 
sculpted shotcrete facing and an integral concrete barrier is proposed along the edge of the 
outside shoulder on a segment of the northbound roadway between “A1” Stations 113+97.15 and 
115+80.00 to minimize the excavation footprint. 

The following datums were used to reference horizontal and vertical positions of the proposed 
structure: 

• Horizontal: North American Datum of 1983 (NAD83 (1991.35)) 
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• Vertical: North American Vertical Datum of 1988 (NAVD88) 

Pertinent Reports and Investigations 

The following publications were used to assist in the assessment of site conditions: 

1. Caltrans ARS Online (v2.3.06). 

2. Caltrans Seismic Design Criteria, Version 1.7, Division of Engineering Services, April 
2013. 

3. Geologic Map of Santa Cruz County, California, a Digital Database, U.S. Geological 
Survey Open-File Report 97-489. 

4. Preliminary Evaluation of Fault Rupture Potential, Sugarloaf Road Sidehill Viaduct, 
Santa Cruz County, California, Caltrans Office of Geotechnical Design – North, Branch 
D, January 17, 2014. 

5. Preliminary Foundation Report for Location 1 Soil Nail Wall, Caltrans Office of 
Geotechnical Design – North, Branch D, June 10, 2013. 

Field Investigation 

A subsurface investigation consisting of two horizontal borings was conducted in December 
2013 to determine in situ rock properties and conditions.  The borings were advanced using mud 
rotary methods with declination angles of 5 to 7 degrees.  Continuous rock samples were 
obtained from the borings using a core barrel apparatus retrieved via wire line.  Rock cores were 
visually classified in accordance with the Caltrans Soil and Rock Logging, Classification, and 
Presentation Manual (June 2010). 

Table 1: 2013 Subsurface Investigation Summary 

Boring No. 
Completion 

Date 
Drill Rig 

Type 

Location Ground 
Surface 

Elevation 
(ft) 

Boring 
Declination 

(°) 

Boring 
Length 

(ft) Station 
(“A1” Line) 

Offset 

R-13-004 12/10/2013 CS-2000 114+56 34’ Rt 1275.6 7 73.0 

R-13-005 12/11/2013 CS-2000 115+23 32’ Rt 1277.3 5 72.0 
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Laboratory Testing Program 

Rock samples obtained during the subsurface investigation were submitted to the District 5 
Materials Laboratory for corrosion potential testing. 

Physical Setting 

The project is located in the Santa Cruz Mountains.  Terrain consists of densely vegetated, steep 
sided mountains with steeply incised drainages. 

The soil nail wall location lies in the Bean Creek water shed.  Bean Creek drains to Zayante 
Creek southwest of the project area.  Zayante Creek is a tributary of the southward flowing San 
Lorenzo River, which drains into Monterey Bay. 

The climate in the Santa Cruz Mountains is Mediterranean with annual rainfall varying locally 
between 25 inches and 60 inches or more.  Most of the rain occurs during the winter months, but 
summer days are often foggy and wet.  Due to these climatic conditions, vegetation is abundant 
with thick stands of redwood and fir in the valleys and on lower hills; and oak, pine, and 
chaparral on the higher ground. 

Geologic Setting and Subsurface Conditions 

Regional Geology  

The project is located in the Santa Cruz Mountains, in the Coast Ranges geomorphic province.  
The terrain is controlled by a regional trending northwest structure of faults and folds.  The Santa 
Cruz Mountains are composed mostly of Cenozoic marine rocks which unconformably overly 
crystalline basement composed of meta-sedimentary and granitic rock characteristic of the 
Salinian Block.  Paleo-marine terraces such as those preserved in Ben Lomond Mountain were 
formed by transpression (compression and lateral movement) along a constraining bend in the 
San Andreas Fault, which lies a few miles to the east of the project site.  The Santa Cruz 
Mountains continue to rise (0.5 mm/yr) as a result of the forces along the San Andreas Fault.   

Site Geology  

Locally, from south to north, Highway 17 crosses Eocene Butano Sandstone, lower Miocene 
Basalt, Upper Miocene Santa Cruz Mudstone, and Pliocence-Upper Miocene Purisma Formation.  
These formations have been folded into a northwest-southeast trending plunging syncline, the 
axis of which strikes with the Purisma Formation between milepost 9.3 and milepost 9.4.  The 
Butano sandstone, which underlies the site of the proposed soil nail wall, is locally composed of 
thick to very thick interbeds of sandy pebble conglomerate. 
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Subsurface Conditions  

The 2013 subsurface investigation in the project area encountered sandstone and conglomerate of 
the Butano Formation, with sandstone being the predominant rock type.  The consistency of the 
sandstone was found to be highly variable.  It was primarily described as fine and medium 
grained, massive, and intensely fractured.  It varied from slightly weathered to decomposed, and 
from soft to hard.  The conglomerate was encountered in relatively thin lenses, and consisted of 
rounded and subrounded lithic clasts of variable composition ranging in diameter between 1/8” 
and ½”. 

Groundwater 

The horizontal borings conducted for the subject soil nail wall did not encounter water.  However 
vertical boring R-13-001, located 29 feet right of “A1” Station 117+27, encountered groundwater 
45.5 feet below the ground surface, at elevation 1230.1 feet.  Geotechnical boring R-13-001 was 
conducted for the foundation design of the Sugarloaf Road Sidehill Viaduct, Bridge No. 36-0120. 

Scour Evaluation 

Scour is not an issue of concern at the project location. 

Corrosion Evaluation 

Representative rock samples taken during the subsurface investigation were tested for corrosion 
potential.  The Department considers a site corrosive to foundation elements if one or more of the 
following conditions exist for the representative soil and/or water samples taken at the site: 

• Chloride concentration is greater than or equal to 500 ppm 
• Sulfate concentration is greater than or equal to 2000 ppm 
• The pH is 5.5 or less 

Since resistivity serves as an indicator parameter for the possible presence of soluble salts, tests 
for sulfate and chloride are usually not performed unless the resistivity of the soil is 1,000 ohm-
cm or less. 
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Table 2: Corrosion Test Summary 

Boring Length 
Minimum 
Resistivity 
(Ohm-Cm) 

pH 
Chloride 
Content 
(ppm) 

Sulfate 
Content 
(ppm) 

R-13-004 13’-26’ 2570 7.59 N/A N/A 
R-13-004 53’-58’ 934 6.96 8 1245 
R-13-005 24’-27’ 3387 7.52 N/A N/A 
R-13-005 37’-42’ 934 6.89 7 1798 

Corrosive if: ≤ 1000 ≤ 5.5 ≥ 500 ≥ 2000 

Based on corrosion test results, and because the project area is not within 1000 feet of salt or 
brackish water, the site is considered non-corrosive. 

Seismic Recommendations 

The project site is potentially subject to strong ground motions from nearby earthquake sources.  
Table 3 lists the active and potentially active faults in the project vicinity as described in 
Caltran’s 2012 Fault Database.  Corresponding Moment Magnitudes and distances to the 
retaining wall site are also given.  A fault map is included in the attachments to this report. 

Table 3: Active and Potentially Active Faults 

Fault 

Moment 
Magnitude 

of Maximum 
Credible 

Earthquake1 

Fault 
ID2 

Type 
of 

Fault3 

Distance to 
Fault from 

Project Area 
(kilometers) 

Zayante-Vergales Upper 2011 CFM 7.0 162 SS 0.1 
Zayante-Vergales Lower 2011 CFM 7.0 163 SS 4.1 
San Andreas Fault Zone (Santa Cruz Mtn. section) 8.0 158 SS 5.2 
Sargent Fault (Northwestern section) 7.0 164 SS 5.5 

A design response spectrum for the project area was estimated using Caltrans ARS Online 
(v2.3.06), a web-based tool that calculates both deterministic and probabilistic acceleration 
response spectra for any location in California based on criteria provided in Appendix B of 

                                                 
1 According to Caltrans 2012 Fault Database 
2 Caltrans 2012 Fault Database Identifier 
3 SS=strike-slip fault; R=reverse fault; N=normal fault 
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Caltrans Seismic Design Criteria.  The procedure used by ARS Online was developed to 
calculate the minimum seismic design requirements for bridges on State highways.  The method 
calculates design response spectra over a range of periods.  The design response spectrum is 
based on the envelope of a deterministic and a probabilistic spectrum.  The deterministic 
spectrum is calculated as the arithmetic average of median response spectra computed using the 
Chiou & Youngs and Campbell & Bozorgnia ground motion prediction equations (CY-CB 
GMPE).  These equations are applied to all faults in or near California considered to be active in 
the last 700,000 years (late Quaternary age) and capable of producing a moment magnitude 
earthquake of 6.0 or greater. 

The probabilistic spectrum is obtained from the 2008 USGS Seismic Hazard Map for the 5% in 
50 years probability of exceedance (or 975 year return period).  The spectral values are adjusted 
with a soil amplification factor based on an average of the Boore-Atkinson (2008), Campbell 
Bozorgnia (2008), and Chiou-Youngs (2008) ground motion prediction models.  For sites 
underlain by soils having an average shear wave velocity for the upper 30 meters of soil (VS30) of 
less than 300 meters per second, the 2009 USGS Probabilistic Seismic Hazard Analysis 
Interactive Deaggregation Tool is used to develop the probabilistic spectrum. 

The controlling fault in the project area is the Zayante-Vergeles Upper 2011 CFM, a strike-slip 
fault with a maximum magnitude of 7.0.  The peak ground acceleration in the project area due to 
an earthquake on the fault is estimated to be 0.79 g (gravity).  The design response spectrum was 
governed by the probabilistic spectrum with a soil amplification factor for a VS30 of 345 meters 
per second.  The VS30 value was calculated using correlation equations of SPT values with shear 
wave velocities.  The SPT values were obtained from the geotechnical borings conducted for the 
nearby Sugarloaf Road Sidehill Viaduct, Bridge No. 36-0120. 

A fault rupture evaluation of the project area was conducted in accordance with Caltrans’ policy 
regarding fault rupture at bridges as described in Memo to Designers (MTD) 20-10.  The policy 
requires a fault rupture evaluation if a bridge is located within an Alquist-Priolo Earthquake Fault 
Zone (APEFZ) or is within 1,000 feet of an un-zoned fault 15,000 years or younger in age.  The 
fault rupture evaluation depicts the Zayante-Vergales Upper 2011 CFM Fault crossing Route 17 at 
approximately “A1” Station 118, just north of the subject soil nail wall.  The Zayante-Vergeles 
fault is not classified as an APEFZ, however it is considered by Caltrans as potentially active.  
Since the fault does not intersect the proposed soil nail wall there is low potential for surface 
fault rupture to occur and no mitigation efforts are necessary. 

Soil liquefaction occurs when loose, water-saturated soils lose shear strength in response to the 
sudden shaking from an earthquake and begin behaving like a liquid, reducing their ability to 
support embankments and structures.  Loose sands and gravels with 35 percent fines or less that 
have the potential of being saturated are susceptible to liquefaction.  Generally, the younger and 
looser the sediment, and the shallower the water table, the more susceptible the soil is to 
liquefaction.  Sediments most susceptible to liquefaction include historical and late Holocene age 
river channel and flood plain deposits, and poorly compacted fills.  Bedrock and dense soils, 
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including well-compacted fills have a low susceptibility to liquefaction.  Liquefaction is most 
prevalent in areas where groundwater lies within 30 feet of the ground surface; liquefaction 
rarely occurs in areas with groundwater deeper than 50 feet. 

Based on the prevalence of soft rock at shallow depths, the potential for liquefaction in the 
project area is considered to be low. 

Geotechnical Analysis and Design 

The design of the soil nail wall was accomplished using GoldNail, computer software developed 
by Golder Associates of Redmond, Washington.  GoldNail is a slip-surface, limiting-equilibrium, 
slope-stability model that satisfies overall limiting equilibrium (translational and rotational) of 
individual free bodies defined by circular slip surfaces.  This design approach is in accordance 
with the recommendations of Federal Highway Administration (FHWA) Geotechnical 
Engineering Circular No. 7, Soil Nail Walls, Publication No. FHWA0-IF-03-017.  The search for 
the critical slip surface (the failure surface having the lowest factor of safety) was limited to a 
distance behind the soil nail wall equal to two times the design height of the wall.  This 
methodology was recommended for the analysis of “infinite” slopes in a previous version of the 
FHWA manual to keep the soil nail lengths reasonable. 

The Allowable Stress Design (ASD) method was used for the design of the proposed soil nail 
wall.  Factors of safety used to evaluate internal stability were as recommended in the FHWA 
manual for Group I and Group VII load combinations.  Factors of safety utilized for global 
(external) stability were based on Caltrans practice.  A Group I global factor of safety of 1.35 and 
a Group VII global factor of safety of 1.01 were specified for design. 

Group I Loading Factors of Safety 
Nail Head Strength = 1.5 

Nail Tendon Tensile Strength = 1.8 
Ground-Grout Pullout Resistance = 2.0 

Minimum Global Soil Factor of Safety =    1.35 
 

Group VII Loading Factors of Safety 
Nail Head Strength = 1.1 

Nail Tendon Tensile Strength = 1.35 
Ground-Grout Pullout Resistance = 1.5 

Minimum Global Soil Factor of Safety =    1.01 

The following design parameters were used: 

• The maximum contributory area of the soil nail assembly (Sv X Sh) ≤ 25 ft2 where, 
Sv is the vertical spacing of the nails; Sv,Max = 5 ft 
Sh is the horizontal spacing of the nails; Sh,Max = 5 ft 

• Declination angle (θ) of soil nails from horizontal = 15° 
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• The top nail profile line was assumed to be parallel to original ground (OG) at the top of 
the wall, 2 feet below the top of cut.  The bottom nail profile line was designed 2 feet 
above the bottom of wall.  The bottom of the wall was assumed to be 2 feet below the 
roadway finished grade.  Intermediate rows of soil nails were evenly spaced between the 
top and bottom rows. 

Strength parameters for the in situ rock were back calculated from analyses of the global stability 
of the existing slopes.  Ultimate nail pullout resistance was calculated using ultimate grout to 
ground bond strengths recommended in the FHWA manual for weathered shale and dense silty 
sands.  The design strength and nail pullout characteristics of the rock in the nailing zone were 
assumed as follows: 

 Unit Weight  = 125 pcf 
Cohesion  = 400 psf 

Friction Angle  = 36° 
Design Nail Pullout Resistance  =  3000 lb/ft 

A horizontal seismic coefficient, kh, of 0.26 was used in the global stability analysis for Group 
VII load combinations.  This value is one-half the design acceleration coefficient at the center of 
gravity, Am, for a peak ground acceleration of 0.79 g.  The FHWA manual recommends a value 
between 0.5Am and 0.67Am. 

The design of the wall facing system is the responsibility of the Office of Bridge Design in 
conjunction with the District Landscape Architect, using the design nail head tensile force (T0) 
calculated by Geotechnical Design. 

 T0  = 18 kips 

Soil Nail Lengths 

Design cross sections along the retaining wall layout line were provided to this Office by Central 
Region Project Development, Office of Design II, Branch D.  Required soils nail lengths were 
calculated at 5-foot intervals along the length of the wall.  Minimum soil nail lengths and bar 
sizes are provided in Attachment 4 of this report.  Soil nail bar sizes were determined assuming 
Grade 75 steel conforming to ASTM Designation A 615/A 615M.  If specific bar sizes are 
unavailable in the designated steel grade, other steel grades may be used with adjusted bar sizes.  
However, all of the soil nails on the project should be manufactured of the same grade steel. 

Once the Elevation View of the soil nail retaining wall is finalized, a schedule of soil nail lengths 
and bar sizes should be developed.  Nail lengths and bar sizes should be generalized as much as 
possible to simplify construction inspection and minimize the likelihood of errors.  A suggested 
soil nail schedule is provided in the attachments to this report. 
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Soil Nail Wall Drainage  

Construction of a proper drainage system is crucial to prevent the buildup of hydrostatic pore 
pressure behind the retaining wall facing.  We recommend the following: 

• Grade the slopes above the soil nail wall to drain over the wall. 
• Install PVC pipe weep holes through the wall facing mid-way between columns of soil 

nails, approximately 6 inches above roadway finished grade.   
• Place 16-inch wide prefabricated geocomposite drain strips vertically along the 

excavation surface, mid-way between soil nail columns, prior to applying temporary 
shotcrete facing.  Geocomposite drain strips should start 2 feet below the top of the cut 
and terminate approximately 2.5 feet above the bottom of the wall, at a perforated pipe 
that drains directly to a PVC pipe weep hole.  

Soil Nail Pullout Tests 

Field verification of the ultimate pullout resistance values used in the design shall be performed 
in accordance with the Standard Specifications to assure that the nail design loads can be 
accommodated without excessive movement and with an acceptable factor of safety.  Two 
verification test soil nails shall be installed and tested for each wall zone prior to installing 
production nails in that wall zone.  Wall zones shall be designated as follows: 

Table 4: Wall Zones 

Wall 
Zone 

Begin End 

Station 
(“RW1” Line) 

Lower 
Elevation 

(ft) 

Upper 
Elevation 

(ft) 

Station 
(“RW1” Line) 

Lower 
Elevation 

(ft) 

Upper 
Elevation 

(ft) 
1 113+98 1273.90 1276.88 114+93 1276.01 1289.39 
2 114+93 1276.01 1289.39 115+88 1278.12 1281.18 
3 113+98 1263.91 1268.91 114+93 1267.33 1276.01 
4 114+93 1267.33 1276.01 115+88 1270.00 1275.00 

Construction Considerations 

Drilling the top rows of soils nails will probably have to be accomplished using an excavator 
mounted drill rig or a drill suspended from a crane because existing slopes are very steep, and 
there will not be sufficient excavation to create a bench to work from.  A crane will probably be 
necessary to install the soil nails. 

Due to the excessive length of the soil nails for the taller sections of retaining wall, it will 
probably be necessary to close both northbound lanes to traffic while placing the nails into the 
drilled holes. 
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Caving conditions may be encountered during drilling for soil nails due to the intensely fractured 
nature of the in situ rock.  Use of temporary casing may be necessary to control caving. 

Variable drilling conditions will be encountered over the area of the wall due to the variable 
hardness of the in situ rock.  The consistency of the rock encountered in the exploratory borings 
ranged from soft, soil-like to hard. 

Depending on the time of year of construction and the yearly precipitation total, perched 
groundwater may be encountered while excavating for the wall and drilling the soil nail holes. 

Grout loss may occur during the installation of soil nails due to the intensely fractured nature of 
the rock. 

Additional Information 

Standard Special Provision 2-1.06B “Project Information”, discloses to bidders and contractors a 
list of pertinent information available for their inspection prior to bid opening.  The following is 
information originating from Geotechnical Services.  Items listed to be included in the 
Information Handout will be provided in Acrobat (.pdf) format to the Addressee of this report via 
electronic mail. 

Data and information attached with the project plans are: 

A.  Log of Test Borings (Sugarloaf Road Soil Nail Wall, Bridge No. 36E-TBD). 

Data and information included in the Information Handout provided to the Bidders and 
Contractors are: 

A.  Foundation Report for Sugarloaf Road Soil Nail Wall dated April 16, 2014. 

Data and information available for inspection at the District Office: 

A.  Core Samples. 
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ATTACHMENT 4
Page 1 of 2

Bottom Top
of of

Wall Wall Design Nail
Station Row Elevation Elevation Height # Rows Lengths Bar Size

("RW1" Line) No. (ft) (ft) (ft) (ft) (#)
114+00.5 38 1264.01 1270.65 6.64 2 8 6
114+05.5 37 1264.21 1274.00 9.79 3 8 6
114+10.5 36 1264.41 1276.88 12.47 3 9 6
114+15.5 35 1264.61 1277.37 12.76 3 9 6
114+20.5 34 1264.81 1277.87 13.06 3 9 6
114+25.5 33 1265.01 1279.08 14.07 3 10 6
114+30.5 32 1265.24 1280.31 15.07 4 11 6
114+35.5 31 1265.40 1283.85 18.45 4 15 7
114+40.5 30 1265.59 1288.16 22.57 5 24 9
114+45.5 29 1265.76 1288.37 22.61 5 21 9
114+50.5 28 1265.92 1288.44 22.52 5 23 9
114+55.5 27 1266.08 1288.52 22.44 5 25 10
114+60.5 26 1266.24 1288.59 22.35 5 26 10
114+65.5 25 1266.40 1288.67 22.27 5 26 10
114+70.5 24 1266.57 1288.35 21.78 5 25 10
114+75.5 23 1266.73 1287.85 21.12 5 23 10
114+80.5 22 1266.90 1288.29 21.39 5 24 10
114+85.5 21 1267.07 1288.82 21.75 5 24 10
114+90.5 20 1267.24 1289.20 21.96 5 25 9
114+95.5 19 1267.41 1289.58 22.17 5 25 10
115+00.5 18 1267.58 1289.95 22.37 5 26 10
115+05.5 17 1267.75 1290.33 22.58 5 25 10
115+10.5 16 1267.92 1290.71 22.79 5 25 10
115+15.5 15 1268.10 1291.09 22.99 5 24 10
115+20.5 14 1268.27 1291.47 23.20 5 23 10
115+25.5 13 1268.44 1290.28 21.84 5 21 9
115+30.5 12 1268.58 1291.31 22.73 5 21 9
115+35.5 11 1268.71 1291.72 23.01 5 20 9
115+40.5 10 1268.84 1291.06 22.22 5 19 9
115+45.5 9 1268.97 1290.41 21.44 5 16 8
115+50.5 8 1269.10 1290.41 21.31 5 15 8
115+55.5 7 1269.23 1290.52 21.29 5 15 7
115+60.5 6 1269.36 1290.64 21.28 5 15 7
115+65.5 5 1269.48 1290.75 21.27 5 15 6
115+70.5 4 1269.61 1290.87 21.26 5 15 6
115+75.5 3 1269.74 1290.76 21.02 5 15 6
115+80.5 2 1269.86 1286.33 16.47 4 12 6

Sugarloaf Road Soil Nail Wall
05-SCr-17-8.55

05-0T9801, Project ID # 0500020244

Soil Nail Lengths
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of of

Wall Wall Design Nail
Station Row Elevation Elevation Height # Rows Lengths Bar Size

("RW1" Line) No. (ft) (ft) (ft) (ft) (#)

Sugarloaf Road Soil Nail Wall
05-SCr-17-8.55

05-0T9801, Project ID # 0500020244

Soil Nail Lengths

115+85.5 1 1269.95 1281.18 11.23 3 8 6
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State of California California State Transportation Agency 
DEPARTMENT OF TRANSPORTATION 

 

“Caltrans improves mobility across California” 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 
 
 

To: GARY JOE Date: June 11, 2014 
Branch Chief 
Division of Engineering Services, Structure Design  File: 05-SCr-17-8.59 
Office of Bridge Design – Central, Branch 17  0500020244 (EA 05-0T9801) 
  Sugarloaf Road Sidehill Viaduct 

Attn:  Rene Coria Br. No. 36-0120 
Project Engineer   
 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES  

Subject: Revised Foundation Report for Sugarloaf Road Sidehill Viaduct 

Scope of Work 

A revised Foundation Report (FR) is provided for the Sugarloaf Road Sidehill Viaduct per your 
revised request dated June 6, 2014.  The revision is necessitated by changes to pile cut-off 
elevations, submitted by Structure Design.  This report supersedes the FR dated April 16, 2014.  

Work performed for this report included a literature search, field mapping, a subsurface 
investigation performed in November and December 2013, and geotechnical analyses. 

Project Description 

State Route 17 in the project area is a rural four-lane divided conventional highway that crosses 
the Santa Cruz Mountains.  It connects the cities of Santa Cruz and San Jose.  The route serves 
regional and interregional traffic, including motorists who commute daily to job centers in the 
Silicon Valley.  The roadway in the project area includes sharp curves and steep grades.  The 
roadway cross section consists of 0-foot to 2-foot inside shoulders, 11-foot to 12-foot lanes, and 
outside shoulders varying in width from less than one foot to over 8 feet.  Concrete median 
barrier separates northbound and southbound traffic throughout the project area. 

It is proposed to widen the northbound roadway in the project area to include a 5-foot inside 
shoulder, two 12-foot lanes, and an 8 to 10-foot outside shoulder.  Construction of an 
approximately 9.5-foot wide sidehill viaduct is proposed along a segment of the northbound 
roadway between “A1” Stations 116+40.25 and 118+51.75 to facilitate shoulder widening while 
minimizing the excavation footprint of the construction. 

The following datums were used to reference horizontal and vertical positions of the proposed 
structure: 
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• Horizontal: North American Datum of 1983 (NAD83 (1991.35)) 
• Vertical: North American Vertical Datum of 1988 (NAVD88) 

Pertinent Reports and Investigations 

The following publications were used to assist in the assessment of site conditions: 

1. Caltrans ARS Online (v2.3.06). 

2. Caltrans Seismic Design Criteria, Version 1.7, Division of Engineering Services, April 
2013. 

3. Geologic Map of Santa Cruz County, California, a Digital Database, U.S. Geological 
Survey Open-File Report 97-489. 

4. Evaluation of Fault Rupture Potential, Sugarloaf Road Sidehill Viaduct, Santa Cruz 
County, California, Caltrans Office of Geotechnical Design – North, Branch D, June 11, 
2014. 

5. Preliminary Foundation Report for Location 1 Fill, Caltrans Office of Geotechnical 
Design – North, Branch D, June 21, 2013. 

Field Investigation 

Three geotechnical borings were performed to support foundation design recommendations for 
the proposed viaduct.  The maximum depth of investigation was approximately 70 feet.  The 
borings were advanced using mud rotary methods.  Continuous soil and rock samples were 
obtained from the borings using a core barrel apparatus retrieved via wire line.  Subsurface 
materials were visually classified in accordance with the Caltrans Soil and Rock Logging, 
Classification, and Presentation Manual (June 2010).  Standard penetration tests (SPT), ASTM 
test method 1586, were performed at approximately 5-foot depth intervals to estimate in-place 
density of the native soil.  Empirical correlations of soil strength parameters with SPT blow 
counts were used to estimate strength parameters of in-situ cohesionless soils. 
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Table 1: 2013 Subsurface Investigation Summary 

Boring No. 
Completion 

Date 
Drill Rig 

Type 
Hammer 

Type 

Hammer 
Efficiency 

(%) 

Location 
Ground 
Surface 

Elevation 
(ft) 

Boring 
Depth 

(ft) 
Station 

(“A1” Line) 
Offset 

R-13-001 11/19/2013 CS-2000 Automatic 86 117+27 29’ Rt. 1275.7 70.0 

R-13-006 12/11/2013 CS-2000 Automatic 86 116+40 18’ Rt. 1273.4 50.0 

R-13-007 12/12/2013 CS-2000 Automatic 86 118+73 33’ Rt. 1277.7 41.5 

Laboratory Testing Program 

Soil and rock samples obtained during the subsurface investigation were submitted to 
Headquarters Transportation Laboratory for particle size analysis, determination of Atterberg 
limits, and corrosion potential testing. 

Physical Setting 

The project is located in the Santa Cruz Mountains.  Terrain consists of densely vegetated, steep 
sided mountains with steeply incised drainages. 

The viaduct location lies in the West Branch Soquel Creek water shed.  West Branch Soquel 
Creek drains to Soquel Creek southeast of the project area.  The southward flowing Soquel Creek 
drains into Monterey Bay. 

The climate in the Santa Cruz Mountains is Mediterranean with annual rainfall varying locally 
between 25 inches and 60 inches or more.  Most of the rain occurs during the winter months, but 
summer days are often foggy and wet.  Due to these climatic conditions, vegetation is abundant 
with thick stands of redwood and fir in the valleys and on lower hills; and oak, pine, and 
chaparral on the higher ground. 

Geologic Setting and Subsurface Conditions 

Regional Geology  

The project is located in the Santa Cruz Mountains, in the Coast Ranges geomorphic province.  
The terrain is controlled by a regional trending northwest structure of faults and folds.  The Santa 
Cruz Mountains are composed mostly of Cenozoic marine rocks which unconformably overly 
crystalline basement composed of meta-sedimentary and granitic rock characteristic of the 
Salinian Block.  Paleo-marine terraces such as those preserved in Ben Lomond Mountain were 
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formed by transpression (compression and lateral movement) along a constraining bend in the 
San Andreas Fault, which lies a few miles to the east of the project site.  The Santa Cruz 
Mountains continue to rise (0.5 mm/yr) as a result of the forces along the San Andreas Fault.   

Site Geology  

Locally, from south to north, Highway 17 crosses Eocene Butano Sandstone, lower Miocene 
Basalt, Upper Miocene Santa Cruz Mudstone, and Pliocence-Upper Miocene Purisma Formation.  
These formations have been folded into a northwest-southeast trending plunging syncline, the 
axis of which strikes with the Purisma Formation between milepost 9.3 and milepost 9.4.  The 
site of the proposed viaduct is underlain by Butano Sandstone and the lower Miocene Basalt.  
The Butano Sandstone is locally composed of thick to very thick interbeds of sandy pebble 
conglomerate.  The Basalt unit consists of spheroidal-weathering pillow basalt flows. 

Subsurface Conditions  

Boring R-13-006 encountered approximately 9 feet of medium dense sandy silt with gravel 
underlain by about 17 feet of intensely weathered, soft, fine-grained sandstone and claystone.  At 
a depth of approximately 26 feet the boring encountered granite.  The granite was described as 
medium grained, fresh to slightly weathered, from hard to soft, and intensely sheared. 

Borings R-13-001 and R-13-007 encountered approximately 6 feet to 13.5 feet of very loose to 
medium dense silty sand with gravel underlain by poorly indurated sandstone.  The sandstone 
was described as fine-grained, massive, intensely weathered, and soft to moderately hard. 

Groundwater 

Boring R-13-001, located 29 feet right of “A1” Station 117+27, encountered groundwater 45.5 
feet below the ground surface.  That depth corresponds to an elevation of 1230.2 feet. 

Scour Evaluation 

Scour is not an issue of concern at the project location. 

Corrosion Evaluation 

Representative rock samples taken during the subsurface investigation were tested for corrosion 
potential.  The Department considers a site corrosive to foundation elements if one or more of the 
following conditions exist for the representative soil and/or water samples taken at the site: 

• Chloride concentration is greater than or equal to 500 ppm 
• Sulfate concentration is greater than or equal to 2000 ppm 
• The pH is 5.5 or less 
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Since resistivity serves as an indicator parameter for the possible presence of soluble salts, tests 
for sulfate and chloride are usually not performed unless the resistivity of the soil is 1,000 ohm-
cm or less. 

Table 2: Corrosion Test Summary 

Boring Depth 
Minimum 
Resistivity 
(Ohm-Cm) 

pH 
Chloride 
Content 
(ppm) 

Sulfate 
Content 
(ppm) 

R-13-001 8’-10’ 1515 4.32 14 167 
R-13-001 30’-32’ 2838 4.25 9 183 
R-13-001 60’-62’ 1930 8.48 N/A N/A 

Corrosive if: ≤ 1000 ≤ 5.5 ≥ 500 ≥ 2000 

Based on corrosion test results, the site is considered to be corrosive to foundation elements. The 
controlling corrosion parameter is a pH of less than 5.5. 

Seismic Recommendations 

The project site is potentially subject to strong ground motions from nearby earthquake sources.  
Table 3 lists the active and potentially active faults in the project vicinity as described in 
Caltran’s 2012 Fault Database.  Corresponding Moment Magnitudes and distances to the 
sidehill viaduct site are also given.  A fault map is included in the attachments to this report. 

Table 3: Active and Potentially Active Faults 

Fault 

Moment 
Magnitude 

of Maximum 
Credible 

Earthquake1 

Fault 
ID2 

Type 
of 

Fault3 

Distance to 
Fault from 

Project Area 
(kilometers)4 

Zayante-Vergales Upper 2011 CFM 7.0 162 SS 0 
Zayante-Vergales Lower 2011 CFM 7.0 163 SS 4.2 
San Andreas Fault Zone (Santa Cruz Mtn. section) 8.0 158 SS 5.0 
Sargent Fault (Northwestern section) 7.0 164 SS 5.3 

                                                 
1 According to Caltrans 2012 Fault Database 
2 Caltrans 2012 Fault Database Identifier 
3 SS=strike-slip fault; R=reverse fault; N=normal fault 
4Perpendicular distance to fault or fictitious extension of fault 
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A design response spectrum for the project area was estimated using Caltrans ARS Online 
(v2.3.06), a web-based tool that calculates both deterministic and probabilistic acceleration 
response spectra for any location in California based on criteria provided in Appendix B of 
Caltrans Seismic Design Criteria.  The procedure used by ARS Online was developed to 
calculate the minimum seismic design requirements for bridges on State highways.  The method 
calculates design response spectra over a range of periods.  The design response spectrum is 
based on the envelope of a deterministic and a probabilistic spectrum.  The deterministic 
spectrum is calculated as the arithmetic average of median response spectra computed using the 
Chiou & Youngs and Campbell & Bozorgnia ground motion prediction equations (CY-CB 
GMPE).  These equations are applied to all faults in or near California considered to be active in 
the last 700,000 years (late Quaternary age) and capable of producing a moment magnitude 
earthquake of 6.0 or greater. 

The probabilistic spectrum is obtained from the 2008 USGS Seismic Hazard Map for the 5% in 
50 years probability of exceedance (or 975-year return period).  The spectral values are adjusted 
with a soil amplification factor based on an average of the Boore-Atkinson (2008), Campbell 
Bozorgnia (2008), and Chiou-Youngs (2008) ground motion prediction models.  For sites 
underlain by soils having an average shear wave velocity for the upper 30 meters of soil (VS30) of 
less than 300 meters per second, the 2009 USGS Probabilistic Seismic Hazard Analysis 
Interactive Deaggregation Tool is used to develop the probabilistic spectrum. 

The controlling fault in the project area is the Zayante-Vergeles Upper 2011 CFM, a strike-slip 
fault with a maximum magnitude of 7.0.  A design response spectrum is provided in the 
attachments to this report.  The design response spectrum was governed by the probabilistic 
spectrum with a soil amplification factor for a VS30 of 345 meters per second.  The VS30 value 
was calculated using correlation equations of SPT values with shear wave velocities. 

A fault rupture evaluation of the project area was conducted in accordance with Caltrans’ policy 
regarding fault rupture at bridges as described in Memo to Designers (MTD) 20-10.  The policy 
requires a fault rupture evaluation if a bridge is located within an Alquist-Priolo Earthquake Fault 
Zone (APEFZ) or is within 1,000 feet of an un-zoned fault 15,000 years or younger in age.  The 
fault rupture evaluation depicts the Zayante-Vergales Upper 2011 CFM Fault crossing Route 17 
near the northerly end of the proposed viaduct.  The Zayante-Vergeles fault is not classified as an 
APEFZ, however it is considered by Caltrans as potentially active.  The Evaluation of Fault 
Rupture Potential, Sugarloaf Road Sidehill Viaduct, Santa Cruz County, California, dated June 
11, 2014, recommends designing the viaduct to accommodate 1.4 inches of offset, perpendicular 
to the structure. 

Soil liquefaction occurs when loose, water-saturated soils lose shear strength in response to the 
sudden shaking from an earthquake and begin behaving like a liquid, reducing their ability to 
support embankments and structures.  Loose sands and gravels with 35 percent fines or less that 
have the potential of being saturated are susceptible to liquefaction.  Generally, the younger and 
looser the sediment, and the shallower the water table, the more susceptible the soil is to 
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liquefaction.  Sediments most susceptible to liquefaction include historical and late Holocene age 
river channel and flood plain deposits, and poorly compacted fills.  Bedrock and dense soils, 
including well-compacted fills have a low susceptibility to liquefaction.  Liquefaction is most 
prevalent in areas where groundwater lies within 30 feet of the ground surface; liquefaction 
rarely occurs in areas with groundwater deeper than 50 feet. 

Based on the prevalence of soft rock at shallow depths, the potential for liquefaction in the 
project area is considered to be low. 

Foundation Recommendations 

Construction of a sidehill viaduct is recommended to facilitate widening the outside shoulder of 
the northbound roadway between “A1” Stations 116+40.25 and 118+51.75.  The viaduct is 
proposed to be founded on single column bents with 30-inch diameter CIDH (Cast-In-Drilled-
Hole) concrete piles.  Abutments are to be supported on pile caps founded on single 30-inch 
diameter CIDH concrete piles.  Pile settlements of less than 1 inch are expected. 

Structure axial demands on the CIDH concrete piles were determined by Structure Design and 
presented to Geotechnical Design in Foundation Design Data Tables.  Pile axial resistances were 
calculated using the methods presented in Federal Highway Administration (FHWA) 
Geotechnical Engineering Circular No. 10, Drilled Shafts: Construction Procedures and LRFD 
Design Methods, Publication No. FHWA-NHI-10-016.  Piles were assumed to obtain their axial 
resistance solely from skin friction.  Resistance factors applied to calculated nominal 
geotechnical resistances were in accordance with the recommendations of the FHWA 
publication.  Those factors are more conservative than what Caltrans recommends, but were used 
because geotechnical borings were not conducted at the location of every structure support.  
Recommended pile tip elevations are provided in following tables. 

Table 4: Abutment Foundations Design Recommendations 

Support 
Location 

Pile Type 
Cut-off 

Elevation 
(ft) 

LRFD Service-I Limit 
State Load per Support 

(kips) 

LRFD Service-I 
Limit State Total 

Load per Pile 
(Compression) 

(kips) 

Required 
Nominal 

Resistance 
(kips) 

Design Tip 
Elevations 

(ft) 

Specified Tip 
Elevation 

(ft) 
Total Permanent 

Abut. 1 30” CIDH 1266.25 180 100 180 360 
1241.0 (a) 
1259.6 (c) 

1241.0 

Abut. 8 30” CIDH 1270.25 180 100 180 360 
1245.0 (a) 
1262.6 (c) 

1245.0 

Notes: 
1) Design tip elevations are controlled by: (a) Compression, and (c) Settlement  
2) The specified tip elevation shall not be raised above the design tip elevations for tension, lateral, or 

tolerable settlement. 
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Table 5: Bent Foundation Design Recommendations 

Support 
Pile 
Type 

Service-I 
Limit State 

Load 
Per Support 

(kips) 

Total 
Permissible 

Support 
Settlement 

(inches) 

Required Factored Nominal Resistance 
(kips) 

Cut-off 
Elevation 

(ft) 

Design 
Tip 

Elevations 
(ft) 

Specified Tip 
Elevation 

(ft) 

Strength Limit Extreme Limit 

Comp. 
(φ=0.55) 

Tension 
(φ=0.40) 

Comp. 
(φ=1.0) 

Tension 
(φ=1.0) 

Bent 2 
30” 

CIDH 
240 1 350 0 120 0 1264.5 

1224.5 (a-I) 
1252.5 (a-II) 
1255.5 (c) 
TBD (d) 

1224.5 

Bent 3 
30” 

CIDH 
250 1 380 0 130 0 1265.5 

1222.5 (a-I) 
1253.5 (a-II) 
1256.5 (c) 
TBD (d) 

1222.5 

Bent 4 
30” 

CIDH 
250 1 380 0 130 0 1266.0 

1223.0 (a-I) 
1254.0 (a-II) 
1257.0 (c) 
TBD (d) 

1223.0 

Bent 5 
30” 

CIDH 
250 1 380 0 130 0 1266.5 

1223.5 (a-I) 
1254.5 (a-II) 
1257.5 (c) 
TBD (d) 

1223.5 

Bent 6 
30” 

CIDH 
250 1 380 0 130 0 1267.0 

1224.0 (a-I) 
1255.0 (a-II) 
1258.0 (c) 
TBD (d) 

1224.0 

Bent 7 
30” 

CIDH 
240 1 350 0 120 0 1267.5 

1227.5 (a-I) 
1256.5 (a-II) 
1258.5 (c) 
TBD (d) 

1227.5 

Notes:  
1) Design tip elevations are controlled by: (a-I) Compression (Strength Limit), (a-II) Compression 

(Extreme Event), (c) Settlement, and (d) Lateral Load. 
2) The specified tip elevation shall not be raised above the design tip elevations for tension, lateral, or 

tolerable settlement. 
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Table 6: Pile Data Table 

Location Pile Type 
Nominal Resistance (kips) Cut-off 

Elevation 
(ft) 

Design Tip 
Elevation 

(ft) 

Specified Tip 
Elevation 

(ft) 

Nominal 
Driving 

Resistance (kips) Compression Tension 

Abut. 1 
30” 

CIDH 
360 0 1266.25 

1241.0(a) 
1259.6 (c) 

1241.0 N/A 

Bent 2 
30” 

CIDH 
640 0 1264.5 

1224.5 (a) 
1255.5 (c) 
TBD (d) 

1224.5 N/A 

Bent 3 
30” 

CIDH 
690 0 1265.5 

1222.5 (a) 
1256.5 (c) 
TBD (d) 

1222.5 N/A 

Bent 4 
30” 

CIDH 
690 0 1266.0 

1223.0 (a) 
1257.0 (c) 
TBD (d) 

1223.0 N/A 

Bent 5 
30” 

CIDH 
690 0 1266.5 

1223.5 (a) 
1257.5 (c) 
TBD (d) 

1223.5 N/A 

Bent 6 
30” 

CIDH 
690 0 1267.0 

1224.0 (a) 
1258.0 (c) 
TBD (d) 

1224.0 N/A 

Bent 7 
30” 

CIDH 
640 0 1267.5 

1227.5 (a) 
1258.5 (c) 
TBD (d) 

1227.5 N/A 

Abut. 8 
30” 

CIDH 
360 0 1270.25 

1245.0 (a) 
1262.6 (c) 

1245.0 N/A 

Notes:  
1) Design tip elevations for Abutments are controlled by: (a) Compression, (c) Settlement. 
2) Design tip elevations for Bents are controlled by: (a) Compression, (b) Tension, (c) Settlement, and 

(d) Lateral Load. 
3) The specified tip elevation shall not be raised. 
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The following table lists recommended soil parameters for an LPILE analysis of the lateral 
capacity of the piles: 

Table 7: Recommended Soil Parameters for LPILE 

Station Limits  
(“A1” Line) 

Depth 
Interval 

Below FG 
(ft) 

Soil Type 

Effective 
Unit 

Weight 
(lb/in^3) 

p-y 
Modulus 

k 
(lb/in^3) 

Friction 
Angle 

(degrees) 

Cohesion 
c 

(lb/in^2) 

Strain 
Factor 
ε50 

116+40 to 117+15 

0-15 Sand (Reese) 0.0637 25 35 N/A N/A 
15-30 Stiff Clay (w/o Water) 0.0723 N/A N/A 52.1 0.004 
30-35 Sand (Reese) 0.0694 225 40 N/A N/A 

35-50+ Sand (Reese) 0.0333 125 40 N/A N/A 

117+15 to 118+52 

0-10 Sand (Reese) 0.0637 25 35 N/A N/A 
10-35 Sand (Reese) 0.0666 90 38 N/A N/A 
35-50 Sand (Reese) 0.0304 60 38 N/A N/A 
50+ Sand (Reese) 0.0333 125 41 N/A N/A 

Construction Considerations 

Variable drilling conditions should be expected.  Subsurface materials varied from very loose dry 
silty sand to hard igneous rock.  The contractor will need to employ drilling equipment and 
tooling capable of penetrating soft to hard sedimentary and igneous rock.  The loose density and 
dry condition of the upper portions of the embankment fill material may require casing the top 
portions of the CIDH pile holes to prevent caving.  Considering the likely origin of the 
embankment fill, boulder sized sandstone blocks may be encountered in the fill.  Drilling through 
the sandstone boulders may be problematic because the surrounding loose soil may not provide 
sufficient resistance to prevent movement of the boulders. 

Specified pile tip elevations are below the measured groundwater elevation.  Groundwater 
measurements were conducted during a prolonged period of below-average precipitation.  
Therefore, it is very likely that groundwater will be encountered at the time of construction when 
drilling the holes for the CIDH piles.  It may be necessary to pour the concrete for the CIDH piles 
using “wet” construction methods.  The appropriate specification language should be included in 
the contract special provisions to address the possibility of having to construct the piles in wet 
holes. 

Stability of temporary construction slopes is the responsibility of the contractor.  The contractor 
will need to provide working plans and calculations documenting that he can safely construct the 
proposed improvements.  He will need to consider the effects of construction loads on slope 
stability. 
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Because both lanes of the traveled way will be needed to convey traffic during the peak traffic 
hours, the contractor will not be allowed to grade the roadway to provide access for drilling.  The 
contractor will need to inspect the proposed roadway cross-sections and furnish drilling 
equipment with sufficient reach to access the drilling locations from the existing roadway. 

Additional Information 

Standard Special Provision 2-1.06B “Project Information”, discloses to bidders and contractors a 
list of pertinent information available for their inspection prior to bid opening.  The following is 
information originating from Geotechnical Services.  Items listed to be included in the 
Information Handout will be provided in Acrobat (.pdf) format to the Addressee of this report via 
electronic mail. 

Data and information attached with the project plans are: 

A.  Log of Test Borings (Sugarloaf Road Sidehill Viaduct, Bridge No. 36-0120). 

Data and information included in the Information Handout provided to the Bidders and 
Contractors are: 

A.  Revised Foundation Report for Sugarloaf Road Sidehill Viaduct dated June 11, 2014. 

Data and information available for inspection at the District Office: 

A.  Core Samples. 
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Design Response Spectrum
ATTACHMENT 4

Sugarloaf Rd Sidehill Viaduct
Bridge No. 36-TBD SDC Controlling Procedure :

Period (s) SDC 
0.010 0.793
0.020 0.942
0.030 1.043
0.050 1.184
0.075 1.310
0.100 1.407
0.120 1.483
0.150 1.581
0.200 1.716
0.250 1.724
0.300 1.731
0.400 1.635
0.500 1.564
0.750 1.449
1.000 1.292
1.500 0.945
2.000 0.729
3.000 0.488
4.000 0.353
5.000 0.283

Deterministic Procedure Data
Fault Zayante-Vergeles Upper 2011 CFM Rrup 0.05 km
Fault ID 162 Rjb 0.00 km
Style SS Rx 0.06 km
Mmax 7 VS30 345 m/s
Dip 60 deg Z1.0 N/A m
ZTOR 0 km Z2.5 N/A km

Notes
ARS curve was modified for Near Fault Directivity Effect (SDC Section 6.1.2.1)
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M e m o r a n d u m Flex your power! 
 Be energy efficient! 
 
 

To: GARY JOE Date: June 11, 2014 
Branch Chief 
Division of Engineering Services, Structure Design  File: 05-SCr-17-9.00 
Office of Bridge Design – Central, Branch 17  0500020244 (EA 05-0T9801) 
  Glenwood Cutoff Sidehill Viaduct 

Attn:  Rene Coria Br. No. 36-0121 
Project Engineer   
 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES  

Subject: Revised Foundation Report for Glenwood Cutoff Sidehill Viaduct 

Scope of Work 

A revised Foundation Report (FR) is provided for the Glenwood Cutoff Sidehill Viaduct per your 
revised request dated June 6, 2014.  The revision is necessitated by changes to pile cut-off 
elevations, submitted by Structure Design.  This report supersedes the FR dated April 16, 2014.  

Work performed for this report included a literature search, field mapping, a subsurface 
investigation performed in December 2013, and geotechnical analyses. 

Project Description 

State Route 17 in the project area is a rural four-lane divided conventional highway that crosses 
the Santa Cruz Mountains.  It connects the cities of Santa Cruz and San Jose.  The route serves 
regional and interregional traffic, including motorists who commute daily to job centers in the 
Silicon Valley.  The roadway in the project area includes sharp curves and steep grades.  The 
roadway cross section consists of 0-foot to 2-foot inside shoulders, 11-foot to 12-foot lanes, and 
outside shoulders varying in width from less than one foot to over 8 feet.  Concrete median 
barrier separates northbound and southbound traffic throughout the project area. 

It is proposed to widen the southbound roadway in the project area to include a 5-foot inside 
shoulder, two 12-foot lanes, and an 8-foot outside shoulder.  Construction of an approximately 
9.5-foot wide sidehill viaduct is proposed along a segment of the southbound roadway between 
“A1” Stations 137+80.00 and 139+77.00 to facilitate shoulder widening while minimizing the 
excavation footprint of the construction. 

The following datums were used to reference horizontal and vertical positions of the proposed 
structure: 
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• Horizontal: North American Datum of 1983 (NAD83 (1991.35)) 
• Vertical: North American Vertical Datum of 1988 (NAVD88) 

Pertinent Reports and Investigations 

The following publications were used to assist in the assessment of site conditions: 

1. Caltrans ARS Online (v2.3.06). 

2. Caltrans Seismic Design Criteria, Version 1.7, Division of Engineering Services, April 
2013. 

3. Geologic Map of Santa Cruz County, California, a Digital Database, U.S. Geological 
Survey Open-File Report 97-489. 

4. Preliminary Foundation Report for Location 2 Fill, Caltrans Office of Geotechnical 
Design – North, Branch D, June 21, 2013. 

Field Investigation 

Two geotechnical borings were performed to support foundation design recommendations for the 
proposed viaduct.  The maximum depth of investigation was approximately 80 feet.  The borings 
were advanced using mud rotary methods.  Continuous soil and rock samples were obtained from 
the borings using a core barrel apparatus retrieved via wire line.  Subsurface materials were 
visually classified in accordance with the Caltrans Soil and Rock Logging, Classification, and 
Presentation Manual (June 2010).  Standard penetration tests (SPT), ASTM test method 1586, 
were performed at approximately 5-foot depth intervals to estimate in-place density of the native 
soil.  Empirical correlations of soil strength parameters with SPT blow counts were used to 
estimate strength parameters of in-situ cohesionless soils. 

Table 1: 2013 Subsurface Investigation Summary 

Boring No. 
Completion 

Date 
Drill Rig 

Type 
Hammer 

Type 

Hammer 
Efficiency 

(%) 

Location 
Ground 
Surface 

Elevation 
(ft) 

Boring 
Depth 

(ft) 
Station 

(“A1” Line) 
Offset 

RC-13-002 12/3/2013 CS-2000 Automatic 86 138+28 32’ Lt. 1199.8 75.4 

R-13-003 12/4/2013 CS-2000 Automatic 86 138+93 28’ Lt. 1196.1 80.0 
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Laboratory Testing Program 

Soil and rock samples obtained during the subsurface investigation were submitted to 
Headquarters Transportation Laboratory for particle size analysis, determination of Atterberg 
limits, and corrosion potential testing. 

Physical Setting 

The project is located in the Santa Cruz Mountains.  Terrain consists of densely vegetated, steep 
sided mountains with steeply incised drainages. 

The viaduct location lies in the West Branch Soquel Creek water shed.  West Branch Soquel 
Creek drains to Soquel Creek southeast of the project area.  The southward flowing Soquel Creek 
drains into Monterey Bay. 

The climate in the Santa Cruz Mountains is Mediterranean with annual rainfall varying locally 
between 25 inches and 60 inches or more.  Most of the rain occurs during the winter months, but 
summer days are often foggy and wet.  Due to these climatic conditions, vegetation is abundant 
with thick stands of redwood and fir in the valleys and on lower hills; and oak, pine, and 
chaparral on the higher ground. 

Geologic Setting and Subsurface Conditions 

Regional Geology  

The project is located in the Santa Cruz Mountains, in the Coast Ranges geomorphic province.  
The terrain is controlled by a regional trending northwest structure of faults and folds.  The Santa 
Cruz Mountains are composed mostly of Cenozoic marine rocks which unconformably overly 
crystalline basement composed of meta-sedimentary and granitic rock characteristic of the 
Salinian Block.  Paleo-marine terraces such as those preserved in Ben Lomond Mountain were 
formed by transpression (compression and lateral movement) along a constraining bend in the 
San Andreas Fault, which lies a few miles to the east of the project site.  The Santa Cruz 
Mountains continue to rise (0.5 mm/yr) as a result of the forces along the San Andreas Fault.   

Site Geology  

Locally, from south to north, Highway 17 crosses Eocene Butano Sandstone, lower Miocene 
Basalt, Upper Miocene Santa Cruz Mudstone, and Pliocence-Upper Miocene Purisma Formation.  
These formations have been folded into a northwest-southeast trending plunging syncline, the 
axis of which strikes with the Purisma Formation between milepost 9.3 and milepost 9.4.  The 
site of the proposed viaduct is underlain by Purisma Formation.  The Purisma Formation is 
locally composed of fine, poorly indurated sandstone. 
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Subsurface Conditions  

Borings RC-13-002 and R-13-003 encountered approximately 2 feet to 9 feet of medium dense 
silty sand underlain by poorly indurated sandstone.  The sandstone was described as fine-grained, 
massive, moderately weathered, soft to moderately hard, and moderately to intensely fractured. 

Groundwater 

Boring RC-13-002, located 32 feet left of “A1” Station 138+28, encountered groundwater 69.7 
feet below the ground surface.  That depth corresponds to an elevation of 1130.1 feet. 

Scour Evaluation 

Scour is not an issue of concern at the project location. 

Corrosion Evaluation 

Representative rock samples taken during the subsurface investigation were tested for corrosion 
potential.  The Department considers a site corrosive to foundation elements if one or more of the 
following conditions exist for the representative soil and/or water samples taken at the site: 

• Chloride concentration is greater than or equal to 500 ppm 
• Sulfate concentration is greater than or equal to 2000 ppm 
• The pH is 5.5 or less 

Since resistivity serves as an indicator parameter for the possible presence of soluble salts, tests 
for sulfate and chloride are usually not performed unless the resistivity of the soil is 1,000 ohm-
cm or less. 

Table 2: Corrosion Test Summary 

Boring Depth 
Minimum 
Resistivity 
(Ohm-Cm) 

pH 
Chloride 
Content 
(ppm) 

Sulfate 
Content 
(ppm) 

RC-13-002 26’-28’ 1383 6.37 N/A N/A 
RC-13-002 58’-60’ 2431 5.63 7 27 
RC-13-002 68’-70’ 2639 5.80 7 26 
R-13-003 2’-4’ 3016 6.05 N/A N/A 
R-13-003 35’-37’ 3255 6.15 N/A N/A 
R-13-003 53’-55’ 3178 6.27 N/A N/A 

Corrosive if: ≤ 1000 ≤ 5.5 ≥ 500 ≥ 2000 
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Based on corrosion test results, and because the project area is not within 1000 feet of salt or 
brackish water, the site is considered non-corrosive. 

Seismic Recommendations 

The project site is potentially subject to strong ground motions from nearby earthquake sources.  
Table 3 lists the active and potentially active faults in the project vicinity as described in 
Caltran’s 2012 Fault Database.  Corresponding Moment Magnitudes and distances to the 
sidehill viaduct site are also given.  A fault map is included in the attachments to this report. 

Table 3: Active and Potentially Active Faults 

Fault 

Moment 
Magnitude 

of Maximum 
Credible 

Earthquake1 

Fault 
ID2 

Type 
of 

Fault3 

Distance to 
Fault from 

Project Area 
(kilometers)4 

Zayante-Vergales Upper 2011 CFM 7.0 162 SS 0.4 
San Andreas Fault Zone (Santa Cruz Mtn. section) 8.0 158 SS 4.6 
Zayante-Vergales Lower 2011 CFM 7.0 163 SS 4.7 
Sargent Fault (Northwestern section) 7.0 164 SS 4.8 

A design response spectrum for the project area was estimated using Caltrans ARS Online 
(v2.3.06), a web-based tool that calculates both deterministic and probabilistic acceleration 
response spectra for any location in California based on criteria provided in Appendix B of 
Caltrans Seismic Design Criteria.  The procedure used by ARS Online was developed to 
calculate the minimum seismic design requirements for bridges on State highways.  The method 
calculates design response spectra over a range of periods.  The design response spectrum is 
based on the envelope of a deterministic and a probabilistic spectrum.  The deterministic 
spectrum is calculated as the arithmetic average of median response spectra computed using the 
Chiou & Youngs and Campbell & Bozorgnia ground motion prediction equations (CY-CB 
GMPE).  These equations are applied to all faults in or near California considered to be active in 
the last 700,000 years (late Quaternary age) and capable of producing a moment magnitude 
earthquake of 6.0 or greater. 

                                                 
1 According to Caltrans 2012 Fault Database 
2 Caltrans 2012 Fault Database Identifier 
3 SS=strike-slip fault; R=reverse fault; N=normal fault 
4Perpendicular distance to fault or fictitious extension of fault 
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The probabilistic spectrum is obtained from the 2008 USGS Seismic Hazard Map for the 5% in 
50 years probability of exceedance (or 975-year return period).  The spectral values are adjusted 
with a soil amplification factor based on an average of the Boore-Atkinson (2008), Campbell 
Bozorgnia (2008), and Chiou-Youngs (2008) ground motion prediction models.  For sites 
underlain by soils having an average shear wave velocity for the upper 30 meters of soil (VS30) of 
less than 300 meters per second, the 2009 USGS Probabilistic Seismic Hazard Analysis 
Interactive Deaggregation Tool is used to develop the probabilistic spectrum. 

The controlling fault in the project area is the Zayante-Vergeles Upper 2011 CFM, a strike-slip 
fault with a maximum magnitude of 7.0.  A design response spectrum is provided in the 
attachments to this report.  The design response spectrum was governed by the probabilistic 
spectrum with a soil amplification factor for a VS30 of 285 meters per second.  The VS30 value 
was calculated using correlation equations of SPT values with shear wave velocities. 

No known active or potentially active faults project towards or cross the highway alignment 
within the project limits.  Therefore, there is low potential for surface fault rupture to occur, and 
no mitigation measures are necessary. 

Soil liquefaction occurs when loose, water-saturated soils lose shear strength in response to the 
sudden shaking from an earthquake and begin behaving like a liquid, reducing their ability to 
support embankments and structures.  Loose sands and gravels with 35 percent fines or less that 
have the potential of being saturated are susceptible to liquefaction.  Generally, the younger and 
looser the sediment, and the shallower the water table, the more susceptible the soil is to 
liquefaction.  Sediments most susceptible to liquefaction include historical and late Holocene age 
river channel and flood plain deposits, and poorly compacted fills.  Bedrock and dense soils, 
including well-compacted fills have a low susceptibility to liquefaction.  Liquefaction is most 
prevalent in areas where groundwater lies within 30 feet of the ground surface; liquefaction 
rarely occurs in areas with groundwater deeper than 50 feet. 

Based on the prevalence of soft rock at shallow depths, the potential for liquefaction in the 
project area is considered to be low. 

Foundation Recommendations 

Construction of a sidehill viaduct is recommended to facilitate widening the outside shoulder of 
the southbound roadway between “A1” Stations 137+80.00 and 139+77.00.  The viaduct is 
proposed to be founded on single column bents with 30-inch diameter CIDH (Cast-In-Drilled-
Hole) concrete piles.  Abutments are to be supported on pile caps founded on single 30-inch 
diameter CIDH concrete piles.  Pile settlements of less than 1 inch are expected. 

Structure axial demands on the CIDH concrete piles were determined by Structure Design and 
presented to Geotechnical Design in Foundation Design Data Tables.  Pile axial resistances were 
calculated using the methods presented in Federal Highway Administration (FHWA) 
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Geotechnical Engineering Circular No. 10, Drilled Shafts: Construction Procedures and LRFD 
Design Methods, Publication No. FHWA-NHI-10-016.  Piles were assumed to obtain their axial 
resistance solely from skin friction.  Resistance factors applied to calculated nominal 
geotechnical resistances were in accordance with the recommendations of the FHWA 
publication.  Those factors are more conservative than what Caltrans recommends, but were used 
because geotechnical borings were not conducted at the location of every structure support.  
Recommended pile tip elevations are provided in following tables. 

Table 4: Abutment Foundations Design Recommendations 

Support 
Location 

Pile Type 
Cut-off 

Elevation 
(ft) 

LRFD Service-I Limit 
State Load per Support 

(kips) 

LRFD Service-I 
Limit State Total 

Load per Pile 
(Compression) 

(kips) 

Required 
Nominal 

Resistance 
(kips) 

Design Tip  
Elevations 

(ft) 

Specified Tip 
Elevation 

(ft) 
Total Permanent 

Abut. 1 30” CIDH 1195.25 210 120 210 420 
1162.0 (a) 
1185.7 (c) 

1162.0 

Abut. 7 30” CIDH 1185.25 210 120 210 420 
1152.0 (a) 
1175.7 (c) 

1152.0 

Notes: 
1) Design tip elevations are controlled by: (a) Compression, and (c) Settlement  
2) The specified tip elevation shall not be raised above the design tip elevations for tension, lateral, or 

tolerable settlement. 
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Table 5: Bent Foundation Design Recommendations 

Support 
Pile 
Type 

Service-I 
Limit State 

Load 
Per Support 

(kips) 

Total 
Permissible 

Support 
Settlement 

(inches) 

Required Factored Nominal Resistance 
(kips) 

Cut-off 
Elevation 

(ft) 

Design 
Tip 

Elevations 
(ft) 

Specified Tip 
Elevation 

(ft) 

Strength Limit Extreme Limit 

Comp. 
(φ=0.55) 

Tension 
(φ=0.40) 

Comp. 
(φ=1.0) 

Tension 
(φ=1.0) 

Bent 2 
30” 

CIDH 
260 1 390 0 140 0 1191.0 

1141.0 (a-I) 
1177.0 (a-II) 
1181.0 (c) 
TBD (d) 

1141.0 

Bent 3 
30” 

CIDH 
260 1 390 0 140 0 1190.0 

1140.0 (a-I) 
1176.0 (a-II) 
1180.0 (c) 
TBD (d) 

1140.0 

Bent 4 
30” 

CIDH 
260 1 390 0 140 0 1188.5 

1138.5 (a-I) 
1174.5 (a-II) 
1178.5 (c) 
TBD (d) 

1138.5 

Bent 5 
30” 

CIDH 
260 1 390 0 140 0 1186.5 

1136.5 (a-I) 
1172.5 (a-II) 
1176.5 (c) 
TBD (d) 

1136.5 

Bent 6 
30” 

CIDH 
260 1 390 0 140 0 1185.0 

1135.0 (a-I) 
1171.0 (a-II) 
1175.0.(c) 
TBD (d) 

1135.0 

Notes:  
1) Design tip elevations are controlled by: (a-I) Compression (Strength Limit), (a-II) Compression, 

(Extreme Event), (c) Settlement, and (d) Lateral Load. 
2) The specified tip elevation shall not be raised above the design tip elevations for tension, lateral, or 

tolerable settlement. 
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Table 6: Pile Data Table 

Location Pile Type 
Nominal Resistance (kips) Cut-off 

Elevation 
(ft) 

Design Tip 
Elevation 

(ft) 

Specified Tip 
Elevation 

(ft) 

Nominal 
Driving 

Resistance (kips) Compression Tension 

Abut. 1 
30” 

CIDH 
420 0 1195.25 

1162.0 (a) 
1185.7 (c) 

1162.0 N/A 

Bent 2 
30” 

CIDH 
710 0 1191.0 

1141.0 (a) 
1181.0 (c) 
TBD (d) 

1141.0 N/A 

Bent 3 
30” 

CIDH 
710 0 1190.0 

1140.0 (a) 
1180.0 (c) 
TBD (d) 

1140.0 N/A 

Bent 4 
30” 

CIDH 
710 0 1188.5 

1138.5 (a) 
1178.5 (c) 
TBD (d) 

1138.5 N/A 

Bent 5 
30” 

CIDH 
710 0 1186.5 

1136.5 (a) 
1176.5 (c) 
TBD (d) 

1136.5 N/A 

Bent 6 
30” 

CIDH 
710 0 1185.0 

1135.0 (a) 
1175.0 (c) 
TBD (d) 

1135.0 N/A 

Abut. 7 
30” 

CIDH 
420 0 1185.25 

1152.0 (a) 
1175.7 (c) 

1152.0 N/A 

Notes:  
1) Design tip elevations for Abutments are controlled by: (a) Compression, (c) Settlement. 
2) Design tip elevations for Bents are controlled by: (a) Compression, (b) Tension, (c) Settlement, and 

(d) Lateral Load. 
3) The specified tip elevation shall not be raised. 

The following table lists recommended soil parameters for an LPILE analysis of the lateral 
capacity of the piles: 

Table 7: Recommended Soil Parameters for LPILE 

Depth Interval 
(from FG) 

(ft) 
Soil Type 

Effective Unit 
Weight 

(lb/in^3) 

p-y Modulus 
k 

(lb/in^3) 

Friction Angle 
(degrees) 

0-50 Sand (Reese) 0.0666 90 35 
50-65 Sand (Reese) 0.0304 60 35 
65+ Sand (Reese) 0.0391 125 38 
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Construction Considerations 

Variable drilling conditions should be expected.  Moderately hard sandstone boulders were 
encountered in the loose sandy embankment fill across the highway from the subject viaduct and 
are likely to be encountered at the viaduct site.  The drilling contractor for a soldier pile wall 
construction project on the northbound side of the highway had problems drilling through the 
boulders because the surrounding loose soil did not provide sufficient resistance to prevent 
movement of the boulders while drilling.  Lenses of hard sandstone may also be encountered.  
The contractor will need to employ drilling equipment and tooling capable of penetrating soft to 
hard sedimentary rock.  The loose density and dry condition of the upper portions of the 
embankment fill material may require casing the top portions of the CIDH pile holes to prevent 
caving. 

In spite of the fact that groundwater elevations were below pile tip elevations at the time the 
subsurface investigation was conducted, groundwater may be encountered at the time of 
construction while drilling the holes for the CIDH piles.  The subsurface investigation occurred 
during a prolonged period of below-average precipitation.  It may be necessary to pour the 
concrete for the CIDH piles using “wet” construction methods.  The appropriate specification 
language should be included in the contract special provisions to address the possibility of having 
to construct the piles in wet holes. 

Stability of temporary construction slopes is the responsibility of the contractor.  The contractor 
will need to provide working plans and calculations documenting that he can safely construct the 
proposed improvements.  He will need to consider the effects of construction loads on slope 
stability. 

Because both lanes of the traveled way will be needed to convey traffic during the peak traffic 
hours, the contractor will not be allowed to grade the roadway to provide access for drilling.  The 
contractor will need to inspect the proposed roadway cross-sections and furnish drilling 
equipment with sufficient reach to access the drilling locations from the existing roadway. 

Additional Information 

Standard Special Provision 2-1.06B “Project Information”, discloses to bidders and contractors a 
list of pertinent information available for their inspection prior to bid opening.  The following is 
information originating from Geotechnical Services.  Items listed to be included in the 
Information Handout will be provided in Acrobat (.pdf) format to the Addressee of this report via 
electronic mail. 

Data and information attached with the project plans are: 

A.  Log of Test Borings (Glenwood Cutoff Sidehill Viaduct, Bridge No. 36-0121). 
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Data and information included in the Information Handout provided to the Bidders and 
Contractors are: 

A.  Revised Foundation Report for Glenwood Cutoff Sidehill Viaduct dated June 11, 
2014. 

Data and information available for inspection at the District Office: 

A.  Core Samples. 
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Design Response Spectrum
ATTACHMENT 4

Glenwood Cutoff Sidehill Viaduct
Bridge No. 36-TBD SDC Controlling Procedure :

Period (s) SDC 
0.010 0.768
0.020 0.899
0.030 0.987
0.050 1.109
0.075 1.217
0.100 1.300
0.120 1.372
0.150 1.465
0.200 1.595
0.250 1.626
0.300 1.651
0.400 1.596
0.500 1.555
0.750 1.507
1.000 1.382
1.500 1.038
2.000 0.841
3.000 0.573
4.000 0.417
5.000 0.334

Deterministic Procedure Data
Fault Zayante-Vergeles Upper 2011 CFM Rrup 0.40 km
Fault ID 162 Rjb 0.40 km
Style SS Rx 0.40 km
Mmax 7 VS30 285 m/s
Dip 60 deg Z1.0 N/A m
ZTOR 0 km Z2.5 N/A km

Notes
ARS curve was modified for Near Fault Directivity Effect (SDC Section 6.1.2.1)
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DEPARTMENT OF TRANSPORTATION 

 

“Caltrans improves mobility across California” 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 
 
 

To: STEVE WYATT Date: June 16, 2014 
Senior Design Engineer 
Office of Design II, Branch D File: 05-SCr-17-8.3/9.4 
Central Region Project Development  0500020244 (EA 05-0T9801) 
  SCr-17 Shoulder Widening 

Attn:  Scott Kirkish  
Project Engineer   
 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES  

Subject: Geotechnical Design Report for Drainage System No. 7  

Scope of Work 

A Geotechnical Design Report (GDR) is provided for Drainage System No. 7 per your email 
request on May 27, 2014. 

The recommendations presented herein are based on reviews of published data, site 
reconnaissance, subsurface investigations performed in October 2008 and December 2013, and 
laboratory testing.  The purpose of this report is to document subsurface geotechnical conditions 
and to provide analyses of anticipated site conditions as they pertain to the project described 
herein.  This report also establishes a geotechnical baseline to be used in assessing the existence 
and scope of differing site conditions. 

This report is intended for use by the project design engineer, construction personnel, bidders, 
and contractors. 

Project Description 

State Route 17 in the project area is a rural four-lane divided conventional highway that crosses 
the Santa Cruz Mountains.  It connects the cities of Santa Cruz and San Jose.  The route serves 
regional and interregional traffic, including motorists who commute daily to job centers in the 
Silicon Valley.  The roadway in the project area includes sharp curves and steep grades.  The 
roadway cross section consists of 0-foot to 2-foot inside shoulders, 11-foot to 12-foot lanes, and 
outside shoulders varying in width from less than one foot to over 8 feet.  Concrete median 
barrier separates northbound and southbound traffic throughout the project area. 

It is proposed to widen the roadway at spot locations within the project limits to provide a 5-foot 
inside shoulder, two 12-foot lanes, and an 8-foot outside shoulder for each direction of travel.  
The proposed work includes construction of two sidehill viaducts and a soil nail retaining wall. 
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Drainage System No. 7, the subject of this report, will install a 30” welded steel pipe under the 
highway approximately 240 feet southeast of Glenwood Cutoff.  Drainage System No. 6 will 
abandon the existing 24” corrugated metal pipe (CMP) culvert at approximately the same 
location.  The existing pipe, placed as part of the highway construction in 1932, is partially 
collapsed, and the invert of the pipe is corroded through.  The horizontal alignment of the new 
welded steel pipe will deviate slightly to the northeast from the alignment of the existing pipe to 
avoid trees near the outlet end of the culvert. 

The following datums were used to reference horizontal and vertical positions of the proposed 
drainage system: 

• Horizontal: North American Datum of 1983 (NAD83 (1991.35)) 
• Vertical: North American Vertical Datum of 1988 (NAVD88) 

Pertinent Reports and Investigations 

The following publications were used to assist in the assessment of site conditions: 

1. Caltrans ARS Online (v2.3.06). 

2. Caltrans Seismic Design Criteria, Version 1.7, Division of Engineering Services, April 
2013. 

3. Geologic Map of Santa Cruz County, California, a Digital Database, U.S. Geological 
Survey Open-File Report 97-489. 

4. Foundation Report for Glenwood Cutoff Sidehill Viaduct, Caltrans Office of 
Geotechnical Design – North, Branch D, April 16, 2014. 

5. Foundation Report for Retaining Wall 6, Caltrans Office of Geotechnical Design – North, 
Branch D, December 31, 2008. 

Field Investigation 

Two geotechnical borings were performed in December 2013 to support foundation design 
recommendations for the Glenwood Cutoff Sidehill Viaduct.  Those borings straddle Drainage 
System No. 7 on the southbound side of the highway.  Three geotechnical borings were 
performed in October 2008 to support foundation recommendations for a soldier pile retaining 
wall along the northbound side of the highway.  Those borings also straddle the drainage system.  
The maximum depth of investigation was approximately 80 feet.  The borings conducted as part 
of the 2013 subsurface investigation were advanced using mud rotary methods.  Continuous soil 
and rock samples were obtained from the borings using a core barrel apparatus retrieved via wire 
line.  The 2008 borings were performed using 6” hollow-stem augers.  Standard penetration tests 
(SPT), ASTM test method 1586, were performed at approximately 5-foot depth intervals in all of 
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the borings to estimate in-place density of the native soil.  Subsurface materials were visually 
classified in accordance with the Caltrans Soil and Rock Logging, Classification, and 
Presentation Manual (June 2010). 

Table 1: Subsurface Investigation Summary 

Boring No. 
Completion 

Date 
Drill Rig 

Type 
Hammer 

Type 

Hammer 
Efficiency 

(%) 

Location 
Ground 
Surface 

Elevation 
(ft) 

Boring 
Depth 

(ft) 
Station 

(“A1” Line) 
Offset 

A-08-029 10/23/2008 B-47 Safety 60 136+84 22’ Rt. 1207.6 41.1 

A-08-030 10/23/2008 CME-75 Automatic 82 138+14 21’ Rt. 1200.3 40.5 

A-08-031 10/23/2008 CME-75 Automatic 82 139+71 24’ Rt. 1193.3 44.5 

RC-13-002 12/3/2013 CS-2000 Automatic 86 138+28 32’ Lt. 1199.8 75.4 

R-13-003 12/4/2013 CS-2000 Automatic 86 138+93 28’ Lt. 1196.1 80.0 

Laboratory Testing Program 

Soil and rock samples obtained during the subsurface investigations were submitted to 
Headquarters Transportation Laboratory for particle size analysis, determination of Atterberg 
limits, and corrosion potential testing. 

Physical Setting 

The project is located in the Santa Cruz Mountains.  Terrain consists of densely vegetated, steep-
sided mountains with steeply incised drainages. 

Drainage System No. 7 lies in the West Branch Soquel Creek water shed.  West Branch Soquel 
Creek drains to Soquel Creek southeast of the project area.  The southward flowing Soquel Creek 
drains into Monterey Bay. 

The climate in the Santa Cruz Mountains is Mediterranean with annual rainfall varying locally 
between 25 inches and 60 inches or more.  Most of the rain occurs during the winter months, but 
summer days are often foggy and wet.  Due to these climatic conditions, vegetation is abundant 
with thick stands of redwood and fir in the valleys and on lower hills; and oak, pine, and 
chaparral on the higher ground. 
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Geologic Setting and Subsurface Conditions 

Regional Geology  

The project is located in the Santa Cruz Mountains, in the Coast Ranges geomorphic province.  
The terrain is controlled by a regional trending northwest structure of faults and folds.  The Santa 
Cruz Mountains are composed mostly of Cenozoic marine rocks which unconformably overly 
crystalline basement composed of meta-sedimentary and granitic rock characteristic of the 
Salinian Block.  Paleo-marine terraces such as those preserved in Ben Lomond Mountain were 
formed by transpression (compression and lateral movement) along a constraining bend in the 
San Andreas Fault, which lies a few miles to the east of the project site.  The Santa Cruz 
Mountains continue to rise (0.5 mm/yr) as a result of the forces along the San Andreas Fault.   

Site Geology  

Locally, from south to north, Highway 17 crosses Eocene Butano Sandstone, lower Miocene 
Basalt, Upper Miocene Santa Cruz Mudstone, and Pliocence-Upper Miocene Purisma Formation.  
These formations have been folded into a northwest-southeast trending plunging syncline, the 
axis of which strikes with the Purisma Formation between milepost 9.3 and milepost 9.4.  The 
site of Drainage System No. 7 is underlain by Purisma Formation.  The Purisma Formation is 
locally composed of fine, poorly indurated sandstone. 

Subsurface Conditions  

Inspection of the Log of Test Borings (LOTB) indicates that the subsurface stratigraphy in the 
area of Drainage System No. 7 generally consists of loose to dense silty sand overlying poorly 
indurated fine sandstone.  The sandstone was described as fine-grained, massive, moderately 
weathered, soft to moderately hard, and moderately to intensely fractured.  The depth to 
sandstone in the geotechnical borings varied from 2 feet to over 40 feet. 

Groundwater 

Boring RC-13-002, located 32 feet left of “A1” Station 138+28, encountered groundwater 69.7 
feet below the ground surface.  That depth corresponds to an elevation of 1130.1 feet.  The 
existing 24” CMP of Drainage System No. 6 intercepts groundwater; groundwater gets into the 
pipe through the corroded invert and drains at the pipe outlet. 

Corrosion Evaluation 

Representative rock samples taken during the subsurface investigation were tested for corrosion 
potential.  The Department considers a site corrosive to foundation elements if one or more of the 
following conditions exist for the representative soil and/or water samples taken at the site: 

• Chloride concentration is greater than or equal to 500 ppm 



 
Mr. Steve Wyatt Geotechnical Design Report 
June 16, 2014 05-SCr-17-8.3/9.4 
Page 5 Project ID 0500020244, EA 05-0T9801 
 SCr-17 Shoulder Widening 
 

“Caltrans improves mobility across California” 

• Sulfate concentration is greater than or equal to 2000 ppm 
• The pH is 5.5 or less 

Since resistivity serves as an indicator parameter for the possible presence of soluble salts, tests 
for sulfate and chloride are usually not performed unless the resistivity of the soil is 1,000 ohm-
cm or less. 

Table 2: Corrosion Test Summary 

Boring Depth 
Minimum 
Resistivity 
(Ohm-Cm) 

pH 
Chloride 
Content 
(ppm) 

Sulfate 
Content 
(ppm) 

A-08-029 15’-20’ 1470 6.1 N/A N/A 
A-08-030 15’-20’ 3380 6.9 N/A N/A 
A-08-031 18’-23’ 740 4.6 39 1930 

RC-13-002 26’-28’ 1383 6.4 N/A N/A 
RC-13-002 58’-60’ 2431 5.6 7 27 
RC-13-002 68’-70’ 2639 5.8 7 26 
R-13-003 2’-4’ 3016 6.1 N/A N/A 
R-13-003 35’-37’ 3255 6.2 N/A N/A 
R-13-003 53’-55’ 3178 6.3 N/A N/A 

Corrosive if: ≤ 1000 ≤ 5.5 ≥ 500 ≥ 2000 

Based on the results of the corrosion analyses, the site is considered corrosive.  Controlling 
corrosion parameters are as follows: 

• 4.6 pH 

Seismic Recommendations 

The project site is potentially subject to strong ground motions from nearby earthquake sources.  
Table 3 lists the active and potentially active faults in the project vicinity as described in 
Caltran’s 2012 Fault Database.  Corresponding Moment Magnitudes and distances to the 
drainage system site are also given.  A fault map is included in the attachments to this report. 
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Table 3: Active and Potentially Active Faults 

Fault 

Moment 
Magnitude 

of Maximum 
Credible 

Earthquake1 

Fault 
ID2 

Type 
of 

Fault3 

Distance to 
Fault from 

Project Area 
(kilometers)4 

Zayante-Vergales Upper 2011 CFM 7.0 162 SS 0.4 
San Andreas Fault Zone (Santa Cruz Mtn. section) 8.0 158 SS 4.6 
Zayante-Vergales Lower 2011 CFM 7.0 163 SS 4.7 
Sargent Fault (Northwestern section) 7.0 164 SS 4.8 

The controlling fault in the project area is the Zayante-Vergeles Upper 2011 CFM.  The peak 
ground acceleration in the project area due to an earthquake on the fault is estimated to be 0.7 g 
(gravity). 

No known active or potentially active faults project towards or cross the highway alignment 
within the project limits.  Therefore, there is low potential for surface fault rupture to occur, and 
no mitigation measures are necessary. 

Soil liquefaction occurs when loose, water-saturated soils lose shear strength in response to the 
sudden shaking from an earthquake and begin behaving like a liquid, reducing their ability to 
support embankments and structures.  Loose sands and gravels with 35 percent fines or less that 
have the potential of being saturated are susceptible to liquefaction.  Generally, the younger and 
looser the sediment, and the shallower the water table, the more susceptible the soil is to 
liquefaction.  Sediments most susceptible to liquefaction include historical and late Holocene age 
river channel and flood plain deposits, and poorly compacted fills.  Bedrock and dense soils, 
including well-compacted fills have a low susceptibility to liquefaction.  Liquefaction is most 
prevalent in areas where groundwater lies within 30 feet of the ground surface; liquefaction 
rarely occurs in areas with groundwater deeper than 50 feet. 

Based on the prevalence of soft rock at shallow depths, the potential for liquefaction in the 
project area is considered to be low. 

                                                 
1 According to Caltrans 2012 Fault Database 
2 Caltrans 2012 Fault Database Identifier 
3 SS=strike-slip fault; R=reverse fault; N=normal fault 
4Perpendicular distance to fault or fictitious extension of fault 
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Construction Considerations 

It is proposed to construct the new 30” welded steel pipe culvert of Drainage System No. 7 using 
trenchless installation methods.  Based on the age of the highway, it can be assumed that the 
existing 24” CMP was installed in an existing drainage and an embankment was constructed over 
it.  The new culvert will deviate slightly from the horizontal alignment of the existing CMP, but 
will probably still be within the limits of the original man-made fill.  The fill consists primarily 
of medium dense to dense silty sand, but may contain a significant quantity of sandstone boulders 
and cobbles from excavating the native Purisma sandstone.  The drilling contractor for the 
recently constructed soldier pile wall along the northbound side of the highway encountered 
numerous sandstone boulders while drilling holes for the soldier piles.  Contractors who submit 
bids for the construction of the new welded steel pipe culvert should anticipate encountering soft 
to moderately hard sandstone boulders while installing the pipe. 

The existing culvert intercepts groundwater.  Based on recent groundwater measurements and the 
proposed profile of the new culvert, it is very likely that the excavation for the new pipe will 
encounter groundwater. 

Caltrans Maintenance reports that they have had to remove debris from the drainage basin at the 
inlet end of the existing 24” CMP on numerous occasions.  It is presumed that loose soil and 
organic debris is present to at least the depth of the bottom of the existing inlet riser, 
approximately 20 feet below the ground surface.  The location may not be suitable for a jacking 
pit; the existing soil may not have sufficient bearing capacity to jack against while installing the 
new welded steel pipe.  

Gassy/ Non Gassy Determination 

We recommend that the soils at the location of Drainage System No. 7 be classified as NON 
GASSY.  The GeoTracker website does not list any contaminated sites near the project area.  The 
Purisma Formation evident in the project area is of marine origin and may contain organics, but 
locally there is no evidence of bituminous organics. 

Recommendations 

It is recommended that the Drainage System No. 7 Log of Test Borings attached to this report be 
included in the contract plans.  This report should be included in the Materials Information 
Handout.  The contract special provisions should contain language that allows the contractor to 
select the trenchless technology that he feels best suits the site conditions spelled out in this 
report.  
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-lense of very dark gray sandstone with zones of fragmented 

decomposed sandstone.

mostly medium to fine sand, some nonplastic fines, 

SILTY SAND (SM), medium dense, yellowish brown, dry, 

mostly low plasticity fines, trace organic (charcoal & root fragments).

SANDY SILT (ML); medium dense; dark brown; moist; some fine sand; 
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to subrounded gravel, little angular to subrounded coarse sand.

mostly medium to fine, angular sand; little coarse to fine, subangular 

SILTY SAND with GRAVEL (SM); medium dense; brown; dry to moist; 

 plastic fines, some redwood roots.

-dark yellowish brown, mostly fine sand, some non-

trace fines. (FILL)

moist, mostly coarse gravel, little medium to fine, angular sand,

Poorly graded GRAVEL with SAND (GP), medium dense, yellowish brown, 

to fine, angular to subangular sand, little fines.

SILTY SAND (SM), dense, dark yellowish brown, moist, mostly medium 

-becomes medium dense.

-becomes very dense.

little coarse, angular sandstone gravel; mostly fine sand.

SILTY SAND with GRAVEL (SM); medium dense; yellowish brown; moist; 

some nonplastic fines).

very dense, yellowish brown, moist, mostly fine sand, 

extremely strong, very soft to soft, (SILTY SAND (SM), 

 SEDIMENTARY ROCK (SANDSTONE), moderately weathered, 

"
A
1
"
 
L
i
n
e

2
1
’
 
R
t
 

S
t
a
 
1
3
8

+
1
4

"
A
1
"
 
L
i
n
e

PROFILE

Vert:  1" = 10’

Horiz: 1" = 10’

N/A

  

DRAINAGE SYSTEM NO. 7

LOG OF TEST BORINGS 1 OF 3
D. Appelbaum

W. Hoon, M. Jurasius

Groundwater Not Measured

Groundwater Not Measured

 30" Welded Steel Pipe

Exist 24" CMP 

Drainage System No. 7

DS #6

06-16-14
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12-04-13

Terminated at Elev 1116.1’

ERi = 86%

REC=38%

REC=48%

REC=57%

REC=62%

REC=55%

REC=100%

REC=52%

REC=100%

REC=79%

REC=67%

REC=15%

REC=40%

REC=50%

REC=0%

REC=0%

REC=0%

ASPHALT CONCRETE (9").
RQD*=40%

RQD*=26%

RQD*=36%

RQD*=43%

RQD*=0%

RQD*=19%

RQD*=31%

RQD*=50%

RQD*=0%

RQD*=38%

RQD*=88%

RQD*=69%

RQD*=67%

RQD*=0%

RQD*=7%

RQD*=0%

R-13-003

12-03-13

Terminated at Elev 1124.4’

ERi = 86%

4.5

1-2-14

GWS Elev 1130.1’
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 1200

1196.1’

-very dark grayish brown; intensely fractured.

-moderately hard fragments with iron oxide stained fracture faces.

-yellowish brown.

-olive brown.

-slightly weathered; moderately soft; moderately fractured.

-very dark gray.

-trace organics (tree roots).

9.02
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-medium dense.

moderately weathered; soft; (SANDY SILT; medium dense; moist; fine SAND).
SEDIMENTARY ROCK (Poorly-indurated SILTSTONE); massive; very dark gray; 

moist; fine SAND; little fines).
yellowish brown; moderately weathered; soft; (SILTY SAND; medium dense; 
SEDIMENTARY ROCK (Poorly-indurated SANDSTONE); fine grained; massive; 

-grayish brown; iron oxide stained fracture surfaces.

-very dark greenish gray.

-wet.

140+00

PROFILE

Vert:  1" = 10’

Horiz: 1" = 10’

11 1.4

8 1.4

20 1.4

9 1.4

9 1.4

18 1.4

10 1.4

20 1.4

14 1.4

20 1.4

16 1.4

8 1.4

10 1.4

REF 1.4 -dark bluish gray; varies between soft and moderately soft; intensely fractured.

trace organics (tree roots).

SILTY SAND (SM); medium dense; yellowish brown; dry; fine SAND; little fines; 

trace organics (tree roots).
SILTY SAND (SM); loose; yellowish brown; dry; fine SAND; little fines; 

REF 1.4

11 1.4

14 1.4

14 1.4

12 1.4

18 1.4

10 1.4

8 1.4

8 1.4

20 1.4

34 1.4

33 1.4

29 1.4

13 1.4

22 1.4

RC-13-002

dense; dry; fine SAND; little fines).

brown; moderately weathered; soft; moderately fractured; (SILTY SAND; medium 

SEDIMENTARY ROCK (Poorly-indurated SANDSTONE); fine grained; massive; yellowish fine SAND; little fines); iron oxide stained fracture surfaces.
olive brown; moderately weathered; soft; (SILTY SAND; medium dense; moist; 
SEDIMENTARY ROCK (Poorly-indurated SANDSTONE); fine grained; massive; 

3.9

-wet

Installed open standpipe observation well.

DRAINAGE SYSTEM NO. 7

LOG OF TEST BORINGS 2 OF 3

N/A

Groundwater Not Measured

"LOG OF TEST BORINGS 1 OF 3"

FOR PLAN VIEW, SEE



Terminated at Elev 1148.8’

10-23-08

ASPHALT.

-very friable.

-very soft, slightly weathered, increased fines.

iER = 82%

1193.3’ 6"

A-08-031
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to weak, moderately soft to moderately hard.

massive, dark yellowish brown, slightly weathered, very weak 

SEDIMENTARY ROCK (SANDSTONE); fine sand to very fine sand, 

mostly fine sand, trace medium, angular sand, little fines].

[SILTY SAND (SM); medium dense; very dark yellow brown; moist; 

fines. (FILL)

trace fine, angular gravel, mostly fine, angular sand, some 

SILTY SAND (SM), medium dense, dark yellowish brown, moist, 

fine angular sand, trace silt].

[Poorly graded SAND (SP), very dense, yellowish brown, mostly 
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D. Appelbaum













Scott Kirkish                                                                                                                  

District 5 P.E. 
(805) 594-6199  
5.19.2015 

 

Dear Scott, 

The ARMORGUARD Barrier is moveable longitudinal steel barrier with low deflection that has been 

designed and tested to meet the rigorous requirements of NCHRP Report 350, Test Level 3 (62 mph, 100 

km/h). This moveable steel barrier offers maintenance workers and contractors a reliable and easy 

method to protect their work zone. The ARMORGUARD Barrier can be attached to the end of permanent 

or portable concrete barrier (pcb) or can stand alone with a minimum of 8 attached pieces to obtain TL-

3 status.  There is no need to anchor the system to the roadway surface.  The barrier can easily be 

moved laterally or longitudinally to optimize traffic flow and work zone space. 

As the California Distributor for the ARMORGUARD Barrier, Statewide Traffic Safety & Signs hereby 

agrees to rent the ARMORGUARD Barrier to any contractor or subcontractor on any State Highway 

Contract. All rentals are to be in accordance with Statewide Traffic Safety & Signs conditions and credit 

policies in effect at the time of the order submittal. 

These products meet the requirements of California Department of Transportation’s specifications and 

are manufactured by: 

Lindsay Traffic Solutions/Barrier Sysytems 

180 River Road 

Rio Vista, Ca 94571 

Phone: (707) 374-6800 

Fax. (707) 374-6801 

 

The ARMORGUARD Barrier is distributed by: 

Northern California                              Central California                               Southern California 

Statewide Traffic Safety & Signs        Statewide Traffic Safety & Signs     Statewide Traffic Safety & Signs   

130 Grobric Court                                 522 Lindon Ln                                     13755 Blaisdell Pl.                  

Fairfield, Ca  94533                               Nipomo, Ca 93444                             Poway, Ca 92064                   

Phone 800.770.2644                            Phone 800.559.7080                          Phone 800.547.9683                 

Fax 707.864.9956                                 Fax 805.929.5786                                Fax 858.679.7117 



The prices shown below are guaranteed for all for all bidders. Price guarantee is good for orders 

received prior to May 31, 2016 with delivery within 60 days from receipt of the Purchase Order. 

  
The following rental price is quoted for EA for project 05-0T9801, Hwy 17 in Santa Cruz 
County, expected quantity 24 barriers. 
 

                                                                                              4 Week       4 Week Total     Est. Project Total 
System Number         Description                            Rate Each       24 Barriers     210 WD, 42 weeks 

08ABMS                ARMORGUARD Barrier, 26’ length      $1200.00         $28,800.00         $316,800.00 

The price includes delivery to job site. The price does not include installation.   

If you have questions or I can be of further assistance with Barrier Products, please contact me. 

Regards, 

 

 
 
Vance Ezell 
Specialty Products Manager 
3049 S. Golden State Frontage Rd. 
Fresno, Ca      93725 
Office 559.291.8500 
Fax:    559.291.8501 
Cell:    559.999.5015 
E-Mail: vezell@stssi.com 

                                      

 









Height - 32 in (0.8 m)

and Height
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ROAD SAFETY PRODUCTS

ArmorGuard® Barrier  |   Movable Longitudinal Steel Barrier

•	 Anchorless Installation

•	 Low Deflection

•	 NCHRP 350 TL-3 Accepted



PHYSICAL SPECIFICATIONS

DISTRIBUTED BY:

Lindsay Transportation Solutions Sales and Services, Inc. 
180 River Road • Rio Vista, CA 94571 • +1 707.374.6800 U.S. Toll Free: 888.800.3691 • www.barrriersystemsinc.com

General details for the ArmorGuard Barrier System are subject to change without notice to reflect improvements and upgrades.
Additional information is available from Lindsay Transportation Solutions Sales and Services, Inc. © Lindsay Transportation Solutions, Inc. 

ARMORGUARD®  |  MOVABLE LONGITUDINAL STEEL BARRIER

Classification Longitudinal Barrier

Length 26’ 8 m

Width 28”  710 mm

Height 33”  840 mm

Weight 3300 lb. 1800 kg

Unanchored 
TL-3 Deflection

76”  1.9 m Pin Assembly

Navigation And Braking Till

Pneumatic Or Manual Jack

BARRIER PANELS

WHEELS

FREquently asked questions

What is the minimum length of barrier needed to meet NCHRP 350 Criteria?
To meet NCHRP 350 TL-2 four sections are required, for NCHRP 350 TL-3 eight 
sections are required.

Are end treatments available?
Yes, The ABSORB 350 System easily attaches to the ArmorGuard Barrier.  The 
ABSORB 350 System can be moved while attached to the ArmorGuard Barrier with 
the use of an optional wheel / jack assembly. 

What needs to be done to move the ArmorGuard Barrier System?
The ArmorGuard Barrier is raised to engage the wheels either manually or with 
compressed air. Two workers can push the ArmorGuard Barrier to the desired 
location, or it can be moved with a vehicle or piece of equipment. When the 
ArmorGuard Barrier is in the desired location it is then lowered into deployed 
stationary mode.

FEATURES

»» Quick and easy 
deployment

»» Can be moved laterally or 
longitudinally to optimize 
traffic flow and work 
zone space

»» High mobility provides 
flexibility

»» Low deflection

»» Pneumatic option for 
wheel activation available

»» Rubber pads and wheels 
protect road surface 
during moves

»» No special equipment 
required at work site

»» No electrical / control 
systems required to 
operate

Designed for safe, fast, & easy barrier deployment

The ArmorGuard Movable Steel Barrier is designed for short term - short duration 

work zones where maximum portability and low deflection is needed. Each 

ArmorGuard Section is 26’ (8 m) long. The ArmorGuard System can be quickly and 

easily opened and positioned without electricity or heavy equipment. ArmorGuard 

Steel Barrier Sections are easily raised and lowered manually or with optional 

compressed air. Sections can be moved laterally with a forklift, pickup truck or by 

hand. Barrier can also be moved longitudinally with a pickup truck. Sections can also 

be attached or joined to create controlled access gates.

PT # AGB04-03252013



ENERGY ABSORPTION SYSTEMS



 
Reusable Energy Absorbing Crash Terminal







The World’s Only 

Speed-Dependent 

Crash Attenuators.

SMART CUSHION INNOVATIONSTM

S C I  P r o d u c t s  I n c .

N C H R P  3 5 0  A p p r o v e d

M a r k e t e d  a n d  D i s t r i b u t e d  b y

W o r k  A r e a  P r o t e c t i o n



The Smart Cushion Innovations (SCI) crash attenuator is a revolutionary, speed-dependent product 

that varies stopping resistance during an impact. The Smart Cushion Innovations (SCI) crash 

attenuator allows lighter and slower-moving vehicles to have longer ridedown distances and lower 

ridedown G forces.

Unlike fi xed-resistance attenuators, the Smart Cushion Innovations (SCI) attenuator does not reach maximum 

stopping resistance unless a vehicle is traveling at the maximum design speed. This fully redirective, 

non-gating, bi-directional, impact attenuator was designed for maximum safety and reusability, as well 

as outstanding durability before, during and after an impact.

The SCI is the only attenuator with a reverse-tapered design to eliminate side panel stress during a collapse. It also 

has an extremely low angle of exit on side impacts (<1°) to keep vehicles from rebounding back into traffi c and causing 

secondary accidents. This is the lowest angle of exit for any redirective attenuator on the market.

How It Works

The hydraulic porting of the attenuator ensures that the proper resistance is used to stop the vehicle before it reaches the end of the cushion’s usable length. 

The SCI was specifi cally designed for durability and resetability to enable resets to be performed in less than one hour. After a frontal impact, 

an experienced crew can perform the two-stage reset in less than 45 minutes. Side impacts within NCHRP 350 specifi cations should not damage 

the attenuator.

After an impact, the cushion requires a dual-stage pull-out with the replacement of two 1/4” shear bolts. The crash attenuator requires a minimal 

inventory of spare parts because of the new side panels’ durability and the normal requirement of only two shear bolts on the frontal impact reset. 

Minimal damage means quick resetting and reduced worker exposure to traffi c, as well as lower costs for traffi c control, replacement parts and labor.

Ready To Install

SCI attenuators come fully assembled for a pick-and-set install. A typical installation can be performed in less than 1-1/2 hours. The units require 

no backstops for permanent or temporary construction applications.

NCHRP 350 Test Results

All NCHRP 350 tests were performed on the same unit in four consecutive days. All tests showed outstanding results for ridedown G forces and low 

angle of exit. There were no replacement parts required prior to the next test except for shear bolts.

The World’s Only Speed-Dependent Crash Attenuators

SMART CUSHION INNOVATIONS TM
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“It’s a very easy installation. We set the SCI impact attenuator with a truck-mounted 
crane, drove into the concrete surfacing and then did some epoxy work. The installation 
went real well and took about an hour. It would normally take longer for a different 
type of system. SCI manufactures a quality product and I’m sure they save many lives.”
— Tyler Chicoine, Garcia-Chicoine Enterprises Inc., Lincoln, Nebraska

eusability.

“The SCI100GM unit has experienced three hits 
in a very short period. The fi rst was well above the 
NCHRP 350 criteria. The crash used every bit of the 
capacity the unit has and I believe the driver survived 
because of the performance of the unit in extreme 
circumstances. The next two hits were within 
the NCHRP 350 criteria and the unit functioned 
as designed with very little repair cost. As we gain 
experience in resetting units, the job can be 
accomplished in less than 30 minutes for a majority 
of hits. Damage to the unit for the last two hits was 
limited to the shear pins and the chevron plate.”
— Ron Jones, Traffi cade Services Inc., Phoenix, Arizona

Repair Costs

Based on NCHRP 350 Test results, the SCI100GM required the 

following parts and labor:

 NCHRP 350 TEST LEVEL III REPAIR RESULTS Part Names Cost Repair Hrs.  Cost  Total Cost

 #3-31 2000 kg vehicle 0 degree frontal impact at 102 km/h 2 – Shear Bolts $1        2 man hours    $80 $81

 #3-32 820 kg vehicle 15 degree frontal impact at 101 km/h 2 - Shear Bolts $1        2 man hours    $80 $81

 #3-33 2000 kg vehicle 15 degree frontal impact at 101 km/h 2 - Shear Bolts $1        2 man hours    $80 $81

 #3-37 2000 kg vehicle 20 degree side impact at 99 km/h 0 $0 0     $0 $0

 #3-39 2000 kg vehicle 20 degree rev. side impact at 99 km/h 0 $0 0     $0 $0

Test Levels Available

The SCI70GM is our Test Level 2 (45 MPH) attenuator and the SCI100GM is our Test Level 3 (62 MPH) attenuator. Both attenuators can protect a wide 

range of hazards including bridges, median barriers and highway signs.

2

The fi rst speed-dependent, 

variable-resistance attenuator 

that can ramp resistance up or 

down to provide the smoothest 

ridedown of any system on 

the market.



Stronger Side Panel. 
Our panels are over 90% stronger 
than curved profi les. The profi le 
allows the edges to be beveled, 
reducing the potential for snagging 
and damage on reverse-
direction impacts. The panel 
also smoothly redirects vehicles 
on side impacts. The side panel 
is fabricated from 10-gauge, 
60-ksi, minimum-yield steel with 
a G90 galvanized coating.

Support Gussets. 
Gussets located behind the 
panels reduce gap formation 
and deformation to prevent 
snagging on reverse side 
impacts.

Side Guide Design. 
This new design withstands 
side impacts with no damage. 
It also allows individual 
replacement of the support 
frames.

Front Rollers. 
The roller guide design on the 
front sled produces a smooth, 
aligned collapse by reducing 
friction and binding.

Features

Cable & Cylinder System. 
This system allows longer 
ridedown distances for 
smaller vehicles, as well 
as smoother ridedown 
with lower G forces for all 
vehicles. The cylinder’s 
hydraulic porting assures 
a controlled ridedown by 
applying the necessary 
resistance required based 
on the speed of the vehicle.

afety..
A

C

B

SCI Test  Test
Dimensions Level 2 Level 3

A  13’ 6” 21’ 6”

B  24” 24”

C  34” 34”

Weight 2470 lbs. 3450 lbs.

3

Weights are for attenuators only



Highlights

Safety Benefi ts

Variable force (speed-dependent), not fi xed force, provides consistent deceleration during ridedown.

Longer ridedown distances and lower sustained G forces for lighter or slower-moving vehicles.

Low angle of exit on side impacts (<1°) to keep vehicle from defl ecting back into traffi c.

Quick and easy resetting for reduced worker exposure to traffi c.

Reduced out-of-service time to maximize highway safety.

Cost Benefi ts 

Minimal replacement parts requirement reduces spare parts inventory and parts costs.

Quick, easy resetting reduces labor and traffi c control costs.

The new, reverse-tapered design eliminates side panel stress on frontal impacts to reduce damage and system 

fatigue from multiple impacts.

Low life cycle cost benefi ts increase dramatically as impacts occur.

SMART CUSHION INNOVATIONSTM
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Part No. Description Weight

Attenuators 

9400 SCI100GM Attenuator 24” wide w/Concrete Anchors Test Level 3 3500 lbs.

9450 SCI100GM Attenuator 24” wide w/Asphalt Anchors Test Level 3 3575 lbs.

9451 SCI70GM Attenuator 24” wide w/Concrete Anchors Test Level 2 2500 lbs.

9452 SCI70GM Attenuator 24” wide w/Asphalt Anchors Test Level 2 2550 lbs.

Anchor Kits

9401 Concrete Anchor Kit for SCI100GM 

9402 Asphalt Anchor Kit for SCI100GM

9453 Concrete Anchor Kit for SCI70GM

9454 Asphalt Anchor Kit for SCI70GM

Accessories

9406 Shear Bolt                

9424 Delineator Panel Yellow Test Level 3         

9456 Delineator Panel Yellow Test Level 2         

9439 Epoxy 22 oz. Cartridge Required for Attenuator Part No. 9400=4/9450=12/9451=3/9452=9 

9440 Nozzle Epoxy Mixing – 1 nozzle required per cartridge

9444 Spare Parts Kit  Test Level 3

9458 Spare Parts Kit  Test Level 2

Transitions 

9431 Transition 24” Jersey Barrier - Right (viewed from front)

9432 Transition 24” Jersey Barrier - Left (viewed from front)

9433 Transition 24” Concrete - Left & Right

Call for other transition design availability

About Work Area Protection Corporation

Work Area Protection Corporation is the international leader in traffi c control devices and work zone safety products. Since 1969, we have been 

meeting customer needs and exceeding quality standards with a wide range of highway and construction safety products. We back those products with 

knowledgeable, personalized customer service and strong distributor support.

SCI Products Inc.
P e r m a n e n t  M e s s a g e  B o a r d s   •   A t t e n u a t o r s   •   S p e e d  A w a r e n e s s  P r o d u c t s   •   L E D  S i g n a l s   •   A d v a n c e d  W a r n e r s

Transition 24” Concrete

WAP 0905 ATT©2005 SCI Products Inc.

Distributed by:

Disclaimer
This product is only intended for use as a redirective impact attenuator. Installations must be performed according to manufacturer’s specifi cation. Improper installations, 
modifi cations or unintended use creates a hazardous condition that can cause personal injury, property damage or death. Any modifi cation or unintended use of this 
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