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Section 49-5. Use for micropiles. Micropiles are also known as pin piles, minipiles, root piles, or needle piles.
For purposes of editing this SSP, micropiles are divided into the following 2 categories:
Category V: Micropiles experiencing primarily axial forces due to axial loading at the top of the micropile. This would typically include bridge foundations and may occasionally include some walls. For category V, the Contractor determines the bond length, load testing is performed, and pressure grouting is used.
Category L: Micropiles experiencing primarily shear and bending forces along their length due to lateral loading. This would typically include micropiles used for earth stabilization structures and most walls. For category L, the State determines the bond length, load testing is not performed, and gravity grouting is used.
Confirm the category with the designer. These categories are a guide to editing this SSP based on how Caltrans projects are typically done. However, nonstandard editing may be required for some projects.
Do not delete requirements for types of steel reinforcing elements that are not shown on the project plans or for centralizers, spacers, etc., that do not appear to be necessary. These requirements are needed in case the Contractor chooses to use alternative steel reinforcing elements of different types, per section 49-5.02B(1).
For all micropiles, the plans must show:
1.  Micropile layout, spacing, and inclination
2.  Steel reinforcing element dimensions, yield strength, and any no splice zones or no joint zones
3.  Grout compressive strength and grout cover
4.  Anchorage details and amount of embedment into the concrete structure
5.  Corrosion protection details, if required
For only Category V micropiles, the plans must show:
1.  Value of FTL and whether it is for compression or tension load testing
2.  Verification test micropile locations
3.  Distance dimensioned from the top of the micropile to the top of the bond zone
4.  Limits of bond length dimensioned as "Bond length to be determined by the Contractor"
5.  If required, minimum micropile length per par. 99
For only Category L micropiles, the plans must show:
1.  Micropile length or tip elevation
For all micropiles, the foundation report must discuss:
1.  Any requirements for isolating micropiles from settling embankment
2.  Any corrosion protection requirements
For only Category V micropiles, the foundation report must discuss:
1.  Location of each verification test micropile and description of which production micropiles each verification test micropile represents
2.  Number of proof load tests required per footing or wall zone
3.  For walls and earth stabilization structures, the limits of the wall zones
4.  Whether verification and proof load testing are in tension, compression, or both
5.  Whether creep testing is required for the verification or proof load testing
6.  Whether measures need to be taken to provide geotechnical equivalence between the verification test micropile and the production piles it represents, per par. 106
7.  If required, minimum micropile length per par. 99

Replace “Reserved” in section 49-5 with:
49-5.01  GENERAL
49-5.01A  Summary
1
Section 49-5 includes specifications for constructing micropiles.
2. Delete "and couplers" if splices are not allowed.
HS thread bars and couplers must comply with the specifications for HS steel prestressing bars in section 50.
3
Bar reinforcing steel must comply with section 52, except you may use deformed bar reinforcing steel that complies with ASTM A 615/A 615M, Grade 60.
49-5.01B  Definitions
4
micropile: Small-diameter, bored, CIP composite pile, in which the applied load is resisted by steel reinforcing elements, grout, and frictional ground-grout bond.
5
steel reinforcing element: Steel element used to strengthen or stiffen a micropile, such as bar reinforcing steel, HS thread bar, pipe, hollow structural section (HSS), or casing.
49-5.01C  Submittals
49-5.01C(1)  General
6
Do not order materials nor install micropiles until the experience qualifications, shop drawings and calculations, and installation plan are authorized.
49-5.01C(2)  Experience Qualifications
7. For Category L micropiles, replace "Construction details, structural details, and load test results" in item 2 with "Construction details and structural details".
Submit the following experience qualification information:
1.	Summary of the micropile subcontractor's experience that demonstrates compliance with section 49-5.01D(2).
2.	Construction details, structural details, and load test results from at least 3 completed micropile installations performed by the micropile subcontractor in the last 5 years. The installations must be from 3 separate projects of similar scope to this Contract. Include a project description and the owner's name and current phone number.
3.	List of drill rig operators and on-site foremen who will perform the micropile work and a summary of each individual's experience that demonstrates compliance with section 49-5.01D(2).

8. Edit if a different number of days is required for the review, except delete the paragraph if the number of days is 15.
Allow 10 days for the review.
49-5.01C(3)  Shop Drawings and Calculations
9
Submit 5 copies of micropile shop drawings and calculations to OSD, Documents Unit. Notify the Engineer of the submittal. Include in the notification the date and contents of the submittal.
10. Edit if a different number of days is required for the review, except delete the 1st sentence if the number of days is 20.
Allow 30 days for the review. After the review, submit from 6 to 12 copies, as requested, for final authorization and use during construction. Within 20 days after final authorization, submit 1 copy of final shop drawings and calculations.
11
The shop drawings and calculations must be sealed and signed by an engineer who is registered as a civil engineer in the State.
12. Edit to suit the project. Delete items 3.8 and 7 for Category L micropiles. Delete item 3.9 if corrosion protection is not required. Delete item 6 if par. 81 is not used. If no splices or joints are allowed in any steel reinforcing elements, modify item 3.5 to read "Steel reinforcing element details, including sizes and lengths."
The shop drawings and calculations must include:
1.	Name, address, and phone number of the micropile subcontractor
2.	Plan view, including:
2.1.	Station and offset at the beginning and end of the micropile structure and at any change in the structure's horizontal alignment
2.2.	Identification and location of each exploratory borehole
2.3.	Location of any existing utilities, adjacent existing structures, and other potential interferences
2.4.	Micropile layout and spacing
2.5.	Unique identification number for each micropile
3.	Typical sections, including:
3.1.	Micropile inclination
3.2.	Drilled hole diameter
3.3.	Micropile tip elevation
3.4.	Micropile cutoff elevation
3.5.	Steel reinforcing element details, including sizes, lengths, splice or joint types, and splice or joint locations
3.6.	Centralizers and any spacers
3.7.	Micropile anchorage details
3.8.	Bond length
3.9.	Corrosion protection details
4.	Material properties
5.	General notes for constructing the micropiles, including overall construction sequencing
6.	Data demonstrating the adequacy of any threaded joints in the pipe, HSS, or casing for the tension load specified in section 49-5.02B(2)
7.	Calculations for the bond length

13. If par. 81 is used, add ". The tension value specified in section 49-5.02B(2) does not apply." at the end of item 4. If the micropiles do not resist tension or if no threaded joints are allowed in the pipe, HSS, or casing, delete item 4.
If you propose alternative steel reinforcing elements, include with the shop drawings and calculations:
1.	Calculations for the structural capacity of the micropile with the alternative steel reinforcing elements
2.	Calculations for the structural capacity of the micropile shown
3.	Details and calculations for any anchorage changes needed to accommodate the alternative steel reinforcing elements
4.	Data demonstrating the adequacy of any threaded joints for the value of tension to be resisted by the pipe, HSS, or casing if the tension is greater than 25 percent of its yield capacity

49-5.01C(4)  Installation Plan
14. Edit to suit the project. Delete items 3 and 4 if they do not apply. Delete item 6 if this requirement is not in the foundation report. Delete item 7 if no splices or joints are allowed in any steel reinforcing elements. For Category L micropiles: (1) delete items 9.6, 11, and 12, (2) delete ", including details for post-grouting, if used" in item 9.3, (3) delete ", and pressure" and delete the comma and add "and" before "volume" in item 9.4, and (4) delete "initial pump pressures or" in item 9.5. Delete item 11.5 if par. 106 is not used.
Submit a micropile installation plan, including:
1.	Detailed construction procedures, including personnel, materials, testing, and equipment.
2.	Layout drawing showing the micropile installation sequence.
3.	Information on headroom and space requirements for installation equipment that verifies that the equipment can perform at the job site.
4.	Provisions for constructing micropiles near underground facilities.
5.	Drilling or coring methods and equipment, including methods to provide drilled hole support, to drill a straight hole, to advance through boulders and other obstructions, and to prevent detrimental ground movements.
6.	Provisions for isolating micropiles from settling embankments.
7.	Length of steel reinforcing element sections to be used, splice or joint locations, and any splice or joint location restrictions.
8.	Methods for placing, positioning, and supporting steel reinforcing elements.
9.	Grouting plan, including:
9.1.	Grout mix design. Include test results from an authorized laboratory for the compressive strength of the mix at 3, 7, 14, and 28 days and the density of the mix.
9.2.	Procedures for monitoring grout quality.
9.3.	Placement procedures and equipment, including details for post-grouting, if used.
9.4.	Methods and equipment for monitoring and recording grout depth, volume, and pressure as the grout is placed.
9.5.	Grouting rate calculations, if requested. Base the calculations on the initial pump pressures or static head on the grout and losses throughout the placing system, including anticipated head of drilling fluid to be displaced, if applicable.
9.6.	Minimum cure time and strength requirements for performing load testing.
10.	Plan for the control and disposal of surface and ground water, drill flush, and waste grout.
11.	Load testing plan, including drawings and calculations that describe:
11.1.	Testing procedures.
11.2.	Reaction load system capacity and equipment setup.
11.3.	Types and accuracy of the primary and secondary instrumentation equipment to be used for applying and measuring the test loads and top of micropile movements.
11.4.	Installation details for the instrumentation to be used for applying and measuring the test loads and measuring the top of micropile movements.
11.5.	Provisions for isolating verification test micropiles under section 49-5.03B.
12.	Calibration reports and data for each test jack, pressure gauge, load cell, and electronic displacement transducer to be used. The load cell calibration chart must show applied load versus millivolts per volt.

15
The installation plan must be sealed and signed by an engineer who is registered as a civil engineer in the State.
16. Edit if a different number of days is required for the review, except delete the paragraph if the number of days is 15.
Allow 20 days for the review.
49-5.01C(5)  Mill Test Reports
17. If project special provisions include an exception to the Buy America requirements, consult with Structure Specifications Research and Development.
Submit certified mill test reports for each heat number of each type of steel reinforcing element at least 7 days before using the materials in the work. The certified mill test reports must include ultimate strength, yield strength, elongation, and chemical composition.
49-5.01C(6)  Installation Log
18
Submit each installation log as an informational submittal within 1 business day of the micropile installation.
49-5.01C(7)  Grout Test Results
19
Submit grout test results for density, efflux time, and compressive strength within 1 business day of testing.
49-5.01C(8)  Load Test Data
Pars. 20–22. For Category L micropiles, delete pars. 20–22 and add "Not Used."
20
Submit load test data within 1 business day of the completion of a verification or proof load test. Load test data must include:
1.	Micropile identification number and location
2.	Installation date
3.	Load test date
4.	Testing personnel
5.	Load testing equipment
6.	Raw data from the electronic data acquisition system
7.	Readings from the secondary load and displacement measuring instruments recorded at each load increment
8.	Specified curves plotted using data from the electronic data acquisition system
9.	Comparison of the load test results and the acceptance criteria

21
Load test data must be sealed and signed by an engineer who is registered as a civil engineer in the State.
22. Edit if a different number of days is required for the review, except delete the paragraph if the number of days is 15.
Allow 10 days for the review.
49-5.01D  Quality Control and Assurance
49-5.01D(1)  General
23. Use if the plans show stud connectors or concrete anchors. If the plans show concrete anchors, change "stud connectors" to "concrete anchors." If deleting the paragraph, add "Not Used."
Section 11-3.02 does not apply to stud connectors.
49-5.01D(2)  Experience Qualifications
24. For Category L micropiles, delete "and load testing" from item 1.
The micropile subcontractor must:
1.	Be experienced in micropile construction and load testing
2.	Have successfully constructed at least 5 projects in the last 5 years involving a combined total of at least 100 micropiles
3.	Have previous micropile drilling and grouting experience in soil or rock similar to that for this Contract

25
The on-site foremen and drill rig operators must have experience installing micropiles on at least 3 projects completed in the last 5 years.
49-5.01D(3)  Preconstruction Meeting
26
Schedule and hold a micropile preconstruction meeting at least 5 business days after submitting the micropile shop drawings and installation plan and at least 10 days before starting micropile construction. You must provide a facility for the meeting.
27
The meeting must include the Engineer, your representatives, representatives from the micropile subcontractor, and representatives from any other subcontractor to be involved in the micropile construction.
28. For Category L micropiles, delete item 7.
The Engineer conducts the meeting. Be prepared to discuss:
1.	Contractual relationships and delineation of responsibilities among you and the subcontractors
2.	Contacts and communication protocol between you and your representatives, the subcontractors, and the Engineer
3.	Coordination of the construction schedule and activities
4.	Anticipated subsurface conditions
5.	Structural, geotechnical, and construction requirements
6.	Materials testing
7.	Load testing

49-5.01D(4)  Grout Testing
49-5.01D(4)(a)  General
29
Not Used
49-5.01D(4)(b)  Density
30
Before placing grout into each micropile, test the grout density under API RP 13B-1 using the Baroid mud balance. Take the grout test samples directly from the grout plant.
49-5.01D(4)(c)  Efflux Time
31
Before placing grout into each micropile, test the grout efflux time under California Test 541. Take the grout test samples at the point of placement.
49-5.01D(4)(d)  Compressive Strength
32
Test the grout compressive strength under ASTM C 109/C 109M at an authorized laboratory.
33
Test at least 1 set of three 2-inch grout cubes from each grout plant each day of operation or for every 10 micropiles installed, whichever occurs more frequently. Take the grout test samples directly from the grout plant.
49-5.01D(5)  Load Testing
49-5.01D(5)(a)  General
Pars. 34–67. For Category L micropiles, delete pars. 34–67 and add "Not Used" under each heading.
34
Section 49-1.01D does not apply to micropile load testing.
35. Edit if a lower grout strength is allowed for load testing.
Grout for load test micropiles must attain the compressive strength shown before load testing is performed.
36
Notify the Engineer at least 10 days before performing each load test.
37
Perform each load test in the Engineer's presence.
38. Use if tension load testing is recommended in the foundation report. If only verification load testing or only proof load testing is performed in tension, edit accordingly.
Perform verification and proof load testing in tension under ASTM D 3689, except do not use the loading apparatus described as "Tensile Load Applied by Hydraulic Jack(s) Acting Upward at One End of Test Beam(s)."
39. Use if compression load testing is recommended in the foundation report. If only verification load testing or only proof load testing is performed in compression, edit accordingly.
Perform verification and proof load testing in compression under ASTM D 1143/D 1143M.
40. Use if both compression and tension verification load testing or both compression and tension proof load testing are recommended in the foundation report. Edit to suit the project. For proof testing, edit as appropriate or add an additional requirement.
Perform the compression and tension verification load tests on the same verification test micropile and perform the tension load test first.
41. Use if tension load testing is recommended in the foundation report. In item 1, insert the value of FTL in tension from the plans. In item 2, insert the value of the service load in tension provided by the designer. Service load is not the same as design load. Service load is the unfactored demand in LRFD design. If the values of FTL and SL vary for different supports or wall zones, create a table.
For tension load testing:
1.	FTL in the load test schedule must be equal to _____ kips
2.	SL in the load test schedule must be equal to _____ kips

42. Use if tension load testing is performed on micropiles containing both a center bar and a pipe, HSS, or casing element. If the designer requires that the test load be applied to both the center bar and the pipe, HSS, or casing, change "the center bar only" to "both the center bar and the pipe/HSS/casing." Choose either "pipe," "HSS," or "casing" according to which is shown on the plans.
Apply the test loads for tension load testing to the center bar only.
43. Use if compression load testing is recommended in the foundation report. In item 1, insert the value of FTL in compression from the plans. In item 2, insert the value of the service load in compression provided by the designer. Service load is not the same as design load. Service load is the unfactored demand in LRFD design. If the values of FTL and SL vary for different supports or wall zones, create a table.
For compression load testing:
1.	FTL in the load test schedule must be equal to _____ kips
2.	SL in the load test schedule must be equal to _____ kips

44. Use if micropiles are near an existing structure.
Do not use an existing structure as part of the reaction system unless authorized.
45
Use a load cell as the primary load measurement system. The load cell must:
1.	Be of the bonded electrical resistance strain gauge type.
2.	Have a full scale range no greater than 150 percent of the maximum test load.
3.	Be moisture resistant.
4.	Be temperature compensated. The maximum temperature sensitivity at zero load must be ±0.05 percent of full scale per degree F.
5.	Have a resolution within ±0.025 percent of full scale.
6.	Have an accuracy within ±0.25 percent of full scale.

46
Use electronic displacement transducers as the primary movement measurement system. Displacement transducers must be capable of measuring to 0.001 inch and have enough travel to allow the load test to be performed without resetting.
47
Apply the test loads using a hydraulic jack. Use the gauge in the jack and pressure gauge assembly as the secondary load measurement system. Jack ram travel must be sufficient to allow the load test to be performed without resetting the equipment. The pressure gauge must be graduated in 100 psi increments or less.
48
The load cell, the electronic displacement transducers, and the jack and gauge assembly must be calibrated by an authorized laboratory accredited for calibration services using equipment traceable to NIST. The jack and gauge assembly must be calibrated as a unit.
49
Use an electronic data acquisition system to simultaneously monitor and record readings from the primary load and displacement measurement systems. The electronic data acquisition system must continuously take readings at regular intervals from the load cell and electronic displacement transducers.
50
The Department may verify the test loads using Department-furnished load cells. If requested, furnish the resources necessary to install and support the Department's testing equipment at the load testing location and to remove the equipment after the testing is complete.
49-5.01D(5)(b)  Verification Load Testing
49-5.01D(5)(b)(i)  General
51
Perform verification load testing on each verification test micropile installed.
52. Use for bridges. Insert the bridge number in column 1. Insert the location or name of each verification test micropile in column 2. Insert the abutment or bent names for the production micropiles represented by the verification test micropile in column 3. Add or delete rows as necessary.
The verification test micropiles at the listed locations represent the production micropiles at the support locations shown in the following table:
	Bridge no.
	Verification test micropile location
	Support locations

	
	
	

	
	
	

	
	
	



53. Use for walls and slope stabilization structures. Insert the bridge number in column 1. Insert the location or name of each verification test micropile in column 2. Insert the beginning and end stations of the wall zones from the foundation report in column 3. Add or delete rows as necessary.
The verification test micropiles at the listed locations represent the production micropiles in the wall zones shown in the following table:
	Bridge no.
	Verification test micropile location
	Limits of wall zone 

	
	
	Beginning station
	End station

	
	
	
	

	
	
	
	

	
	
	
	



49-5.01D(5)(b)(ii)  Verification Load Test Procedure
54. Use if creep testing is not recommended during verification load testing. In the empty "Load increment" cells, insert values in 0.50 increments of SL beginning with 1.50SL and continuing up to the highest 0.50 increment of SL that is less than the value of 1.00FTL. Add additional rows or delete extra rows as needed.
Perform verification load testing as follows:
1.	Incrementally load and unload the micropile as shown in the following table:

	Verification Load Test Schedule

	Load increment
	Hold time
(minutes)

	AL
	Until stable

	0.25SL
	1–2

	AL
	Until stable

	0.25SL
	1–2

	0.50SL
	1–2

	AL
	Until stable

	0.25SL
	1–2

	0.50SL
	1–2

	0.75SL
	1–2

	AL
	Until stable

	0.25SL
	1–2

	0.50SL
	1–2

	0.75SL
	1–2

	1.00SL
	5

	AL
	Until stable

	0.25SL
	1–2

	0.50SL
	1–2

	0.75SL
	1–2

	1.00SL
	1–2

	
	1–2

	
	1–2

	
	1–2

	
	1–2

	1.00FTLa
	5

	0.75FTL
	1–2

	0.50FTL
	1–2

	0.25FTL
	1–2

	AL
	Until stable

	NOTES:
AL = alignment load, 0.10SL
SL = service load
FTL = factored test load
aMaximum test load



2.	At each load increment:
2.1.	Apply the load in less than 1 minute.
2.2.	Maintain a constant load for the hold time shown in the load test schedule. Start the hold time as soon as the load increment is fully applied.
2.3.	Measure and record the top of micropile movement at the end of the hold time.
3.	Plot the applied test load versus the top of micropile movement at each load increment.

55. Use if creep testing is recommended during verification load testing. In the empty "Load increment" cells, insert values in 0.50 increments of SL beginning with 1.50SL and continuing up to the highest 0.50 increment of SL that is less than the value of 1.00FTL. Add additional rows or delete extra rows as needed.
Perform verification load testing as follows:
1.	Incrementally load and unload the micropile as shown in the following table:

	Verification Load Test Schedule

	Load increment
	Hold time
(minutes)

	AL
	Until stable

	0.25SL
	1–2

	AL
	Until stable

	0.25SL
	1–2

	0.50SL
	1–2

	AL
	Until stable

	0.25SL
	1–2

	0.50SL
	1–2

	0.75SL
	1–2

	AL
	Until stable

	0.25SL
	1–2

	0.50SL
	1–2

	0.75SL
	1–2

	1.00SL
	10 or 60

	AL
	Until stable

	0.25SL
	1–2

	0.50SL
	1–2

	0.75SL
	1–2

	1.00SL
	1–2

	
	1–2

	
	1–2

	
	1–2

	
	1–2

	1.00FTLa
	5

	0.75FTL
	1–2

	0.50FTL
	1–2

	0.25FTL
	1–2

	AL
	Until stable

	NOTES:
AL = alignment load, 0.10SL
SL = service load
FTL =factored test load
aMaximum test load



2.	At each load increment:
2.1.	Apply the load in less than 1 minute.
2.2.	Maintain a constant load for the hold time shown in the load test schedule. Start the hold time as soon as the load increment is fully applied.
2.3.	Measure and record the top of micropile movement at the end of the hold time.
3.	At the 1st application of 1.00SL, perform the creep test as follows:
3.1.	Hold the load for 10 minutes.
3.2.	Measure and record the top of micropile movement at 1, 2, 3, 4, 5, 6, and 10 minutes.
3.3.	If the movement measured from 1 to 10 minutes is greater than 0.04 inch, continue the creep test as follows:
3.3.1.	Hold the load for an additional 50 minutes.
3.3.2.	Measure and record the top of micropile movement at 15, 20, 25, 30, 45, and 60 minutes.
3.3.3.	Plot the top of micropile movement as a function of the logarithm of time from 6 to 60 minutes.
4.	Plot the applied test load versus the top of micropile movement at each load increment.

49-5.01D(5)(b)(iii)  Verification Load Test Acceptance
56. Insert in items 1 and 2 the maximum axial movement allowed. If tension verification load testing is not being done, delete item 1, delete "For compression testing, the " in item 2, and capitalize "Axial" in item 2. If compression verification load testing is not being done, delete item 2, delete "For tension testing, the " in item 1, and capitalize "Axial" in item 1. Delete item 4 if verification creep testing is not being done.
Each verification load test must comply with the following acceptance criteria:
1.	For tension testing, the axial movement at the top of the micropile measured from the initial alignment load to the 1st application of 1.00SL must not exceed _____ inch at the end of the 1.00SL hold time.
2.	For compression testing, the axial movement at the top of the micropile measured from the initial alignment load to the 1st application of 1.00SL must not exceed _____ inch at the end of the 1.00SL hold time.
3.	Slope of the applied test load versus the top of micropile movement must not exceed 0.025 inch per kip at the maximum test load.
4.	Creep test movement must comply with one of the following:
4.1.	For a 10-minute load hold, the movement measured from 1 to 10 minutes must be less than 0.04 inch.
4.2.	For a 60-minute load hold, the movement measured from 6 to 60 minutes must be less than 0.08 inch and the rate of movement must be linear or decreasing in time logarithmic scale from the 6- to the 60-minute reading.

57
If a verification load test fails to comply with the acceptance criteria, the verification test micropile is rejected. Change the bond length, installation methods, or both, and submit revised shop drawings and calculations and installation plan.
58
After the revised submittals are authorized, install and test a new verification test micropile that incorporates the changes at an authorized location near the rejected verification test micropile. If post-grouting the micropile is the only change, you may post-grout and retest the rejected verification test micropile instead of installing a new verification test micropile.
59
If the retested or new verification test micropile fails to comply with the acceptance criteria, repeat the process specified above until a verification test micropile complies with the acceptance criteria.
49-5.01D(5)(c)  Proof Load Testing
49-5.01D(5)(c)(i)  General
Pars. 60–61. Use for micropiles at bridge supports. If there is more than 1 micropile footing and the number of proof test micropiles varies among footings, edit to be location specific.
60. Insert the minimum number of proof load tests recommended in the foundation report. Typically 10 percent of the micropiles or a minimum of 2 micropiles are tested per footing.
Perform proof load tests on _____ micropiles per footing. The Engineer selects each micropile to be proof load tested. The Engineer does not notify you of which micropile is to be proof load tested until after the micropile has been installed.
61. Insert a value for percent of micropiles. A minimum of 25 percent is recommended.
The 1st micropile proof load test at a footing must take place after at least ____ percent of the micropiles at the footing have been installed.
Pars. 62–63. Use for micropiles at walls and slope stabilization structures. If there is more than 1 micropile wall or slope stabilization structure and the number of proof test micropiles per wall zone varies among walls and slope stabilization structures, edit to be location specific.
62. Insert the minimum number of proof load tests recommended in the foundation report. Typically 15 percent of the micropiles or a minimum of 2 micropiles are tested per wall zone.
Perform proof load tests on _____ micropiles per wall zone. The Engineer selects each micropile to be proof load tested. The Engineer does not notify you of which micropile is to be proof load tested until after the micropile has been installed.
63. Insert a value for percent of micropiles. A minimum of 25 percent is recommended.
The 1st micropile proof load test in a wall zone must take place after at least ____ percent of the micropiles in the wall zone have been installed.
49-5.01D(5)(c)(ii)  Proof Load Test Procedure
64. Use if creep testing is not recommended during proof load testing. In the empty "Load increment" cells, insert values in 0.50 increments of SL beginning with 1.50SL and continuing up to the highest 0.50 increment of SL that is less than the value of 0.80FTL. Add additional rows or delete extra rows as needed.
Perform proof load testing as follows:
1.	Incrementally load and unload the micropile as shown in the following table:

	Proof Load Test Schedule

	Load increment
	Hold time
(minutes)

	AL
	Until stable

	0.25SL
	1–2

	0.50SL
	1–2

	0.75SL
	1–2

	1.00SL
	5

	
	1–2

	
	1–2

	
	1–2

	
	1–2

	0.80FTLa
	5

	AL
	Until stable

	NOTES:
AL = alignment load, 0.10SL
SL = service load
FTL = factored test load
aMaximum test load



2.	At each load increment:
2.1.	Apply the load in less than 1 minute.
2.2.	Maintain a constant load for the hold time shown in the load test schedule. Start the hold time as soon as the load increment is fully applied.
2.3.	Measure and record the top of micropile movement at the end of the hold time.
3.	Plot the applied test load versus the top of micropile movement at each load increment.

65. Use if creep testing is recommended during proof load testing. In the empty "Load increment" cells, insert values in 0.50 increments of SL beginning with 1.50SL and continuing up to the highest 0.50 increment of SL that is less than the value of 0.80FTL. Add additional rows or delete extra rows as needed.
Perform proof load testing as follows:
1.	Incrementally load and unload the micropile as shown in the following table:

	Proof Load Test Schedule

	Load increment
	Hold time
(minutes)

	AL
	Until stable

	0.25SL
	1–2

	0.50SL
	1–2

	0.75SL
	1–2

	1.00SL
	10 or 60

	
	1–2

	
	1–2

	
	1–2

	
	1–2

	0.80FTLa
	5

	AL
	Until stable

	NOTES:
AL = alignment load, 0.10SL
SL = service load
FTL = factored test load
aMaximum test load



2.	At each load increment:
2.1.	Apply the load in less than 1 minute.
2.2.	Maintain a constant load for the hold time shown in the load test schedule. Start the hold time as soon as the load increment is fully applied.
2.3.	Measure and record the top of micropile movement at the end of the hold time.
3.	At the 1st application of 1.00SL, perform the creep test as follows:
3.1.	Hold the load for 10 minutes.
3.2.	Measure and record the top of micropile movement at 1, 2, 3, 4, 5, 6, and 10 minutes.
3.3.	If the movement measured from 1 to 10 minutes is greater than 0.04 inch, continue the creep test as follows:
3.3.1.	Hold the load for an additional 50 minutes.
3.3.2.	Measure and record the top of micropile movement at 15, 20, 25, 30, 45, and 60 minutes.
3.3.3.	Plot the top of micropile movement as a function of the logarithm of time from 6 to 60 minutes.
4.	Plot the applied test load versus the top of micropile movement at each load increment.

49-5.01D(5)(c)(iii)  Proof Load Test Acceptance
66. Insert in items 1 and 2 the maximum axial movement allowed. If tension proof load testing is not being done, delete item 1, delete "For compression testing, the " in item 2, and capitalize "Axial" in item 2. If compression proof load testing is not being done, delete item 2, delete "For tension testing, the " in item 1, and capitalize "Axial" in item 1. Delete item 4 if proof creep testing is not being done.
Each proof load test must comply with the following acceptance criteria:
1.	For tension testing, the axial movement at the top of the micropile measured from the initial alignment load to the 1st application of 1.00SL must not exceed _____ inch at the end of the 1.00SL hold time.
2.	For compression testing, the axial movement at the top of the micropile measured from the initial alignment load to the 1st application of 1.00SL must not exceed _____ inch at the end of the 1.00SL hold time.
3.	Slope of the applied test load versus the top of micropile movement must not exceed 0.025 inch per kip at the maximum test load.
4.	Creep test movement must comply with one of the following:
4.1.	For a 10-minute load hold, the movement measured from 1 to 10 minutes must be less than 0.04 inch.
4.2.	For a 60-minute load hold, the movement measured from 6 to 60 minutes must be less than 0.08 inch and the rate of movement must be linear or decreasing in time logarithmic scale from the 6- to the 60-minute reading.

67. For walls and slope stabilization structures, replace "footing" with "wall zone" at 2 locations in item 1 and at 1 location in item 2.
If a proof load test fails to comply with the acceptance criteria, the micropile is rejected and you must suspend micropile construction and comply with one of the following procedures:
1.	Post-grout and retest the rejected micropile. If the post-grouted micropile complies with the acceptance criteria when retested, post-grout all of the micropiles in the footing using identical methods. Any proof load test performed on a micropile before the post-grouting does not count toward the total proof load tests required for the footing.
2.	Proof load test all the micropiles in the footing that have been constructed unless otherwise authorized. Submit a plan for replacing rejected micropiles or for installing additional micropiles, including details for any micropile or footing changes required to provide the total micropiling support capacity shown. Suspend micropile construction until the plan is authorized.

49-5.02  MATERIALS
49-5.02A  General
68. Delete for Category L micropiles.
Use identical materials and element sizes for a verification test micropile as to be used for the production micropiles it represents.
69
Welding must comply with AWS D1.1.
49-5.02B  Steel Reinforcing Elements
49-5.02B(1)  General
70. If project special provisions include an exception to the Buy America requirements, consult with Structure Specifications Research and Development.
Mill secondary steel reinforcing elements must not be used.
71. Use if steel reinforcing elements are not allowed to contain any splices or joints. Edit if some types of reinforcing elements are allowed to contain splices or joints and other types are not, and move the requirement to section 49-5.02B(2) or 49-5.02B(3) if appropriate.
Steel reinforcing elements must not contain splices or joints.
72
You may use alternative steel reinforcing elements if:
1.	Structural capacity of the micropile with the alternative steel reinforcing elements is greater than or equal to the structural capacity of the micropile shown
2.	Alternative elements comply with the specifications for steel reinforcing elements
3.	Drilled hole diameter is adjusted to provide at least the same grout cover as the micropile section shown and does not exceed the smaller of 13 inches or 1/3 of the micropile center-to-center spacing

73
Alternative steel reinforcing elements must consist of pipe, round HSS, casing, bar reinforcing steel, HS thread bars, or a combination of these. You may use pipe, HSS, or casing complying with one of the following specifications or another authorized specification:
1.	ASTM A 53/A 53M, Type E or S, Grade B
2.	ASTM A 500/A 500M
3.	ASTM A 501
4.	ASTM A 618/A 618M
5.	ASTM A 106/A 106M, Grade B
6.	API N80
7.	API P110
8.	API 5L, minimum Grade B, PSL1

49-5.02B(2)  Pipe, Hollow Structural Sections, and Casing
Pars. 74–77. Use 1 paragraph and delete the other 3 paragraphs. If the designer chooses to use a steel designation other than the 4 options below, edit accordingly.
74. Use if the plans show pipe with fy=35 ksi.
Pipe must comply with ASTM A 53/A 53M, Type E or S, Grade B.
75. Use if the plans show HSS with fy=42 ksi.
HSS must comply with ASTM A 500/A 500M, Grade B.
76. Use if the plans show HSS with fy=46 ksi.
HSS must comply with ASTM A 500/A 500M, Grade C.
77. Use if the plans show casing with fy=80 ksi.
Casing must comply with API N80.
78
Pipe, HSS, and casing to be welded for structural purposes must have a carbon equivalency as defined in AWS D1.1, Annex I5.1, not exceeding 0.47 percent and a sulfur content not exceeding 0.05 percent.
79. Delete "and splices" if no welded splices are allowed in the pipe, HSS, or casing.
Welded seams and splices must be CJP welds.
80. Delete if no welded splices are allowed in the pipe, HSS, or casing.
Circumferential welds must comply with section 49-2.02B(1)(b).
81. Use if the following 3 conditions apply: (1) pipe, HSS, or casing is shown, (2) the pipe, HSS, or casing is designed to provide tension resistance, and (3) the tension resisted by the pipe, HSS, or casing exceeds 25 percent of the yield capacity of the pipe, HSS, or casing. Insert the value provided by the designer. Delete if no threaded joints are allowed in the pipe, HSS, or casing.
Threaded joints for pipe, HSS, and casing must be capable of developing at least ____ kips in tension.
49-5.02B(3)  Bar Reinforcing Steel
82. Delete if no splices are allowed in the bar reinforcing steel.
Bar reinforcing steel splices must be service splices.
83
For anchorages that require threading nuts and plates onto bar reinforcing, you may cut threads into the bar reinforcing steel if you provide the next larger bar number designation from that shown.
49-5.02C  Anchorage Components
84. Use if the plans show stud connectors or concrete anchors. If the plans show concrete anchors, change "Stud connectors" to "Concrete anchors." If deleting the paragraph, add "Not Used."
Stud connectors must comply with clause 7 of AWS D1.1.
85. Use when the plans show fy=50 ksi for the anchorage plates. Delete par. 86.
Steel plates for the micropile anchorage must comply with ASTM A 709/A 709M, Grade 50, or ASTM A 572/A 572M, Grade 50.
86. Use when the plans show fy=36 ksi for the anchorage plates. Delete par. 85.
Steel plates for the micropile anchorage must comply with ASTM A 709/A 709M, Grade 36, or ASTM A 36/A 36M.
87
Nuts and washers for the micropile anchorage must be capable of holding the bar at a load producing a tensile stress of at least the specified minimum ultimate tensile strength of the bar.
49-5.02D  Grout
88
Grout must be a stable, neat grout consisting of cement and water. Cement must comply with section 90-1.02B(2). Water must comply with section 90-1.02D.
89
If authorized, you may use an admixture in the grout. The admixture must comply with sections 90-1.01C(4), 90-1.01D(1), and 90-1.02E, except the admixture must not contain chloride ions in excess of 0.25 percent by weight and must not be an accelerating admixture.

90
If authorized, you may add fine aggregate to the grout. Fine aggregate must comply with section 90-1.02C(3). Grout with fine aggregate must:
1.	Have a slump of at least 7 inches when measured under ASTM C 143/C 143M
2.	Have an air content of no more than 2 percent when measured under California Test 504
3.	Not contain air-entraining admixtures

91
Mix the grout as follows:
1.	Add water to the mixer followed by cement and any admixtures or fine aggregate.
2.	Mix the grout with mechanical mixing equipment that produces a uniform and thoroughly mixed grout.
3.	Agitate the grout continuously until the grout is pumped.
4.	Do not add water after the initial mixing.

92
Grout must comply with the following requirements:
1.	Density must be greater than or equal to the density submitted with the authorized mix design.
2.	Efflux time must be at least 11 seconds.
3.	Compressive strength must be at least that shown at 28 days.

49-5.02E  Centralizers and Spacers
93
Centralizers and spacers must be fabricated from plastic, steel, or other material that is not detrimental to the steel reinforcing elements. Do not use wood centralizers or spacers.
94
Centralizers and spacers must be strong enough to support the steel reinforcing elements during construction activities.
49-5.02F  Corrosion Protection
Pars. 95–98. If corrosion protection is not recommended in the foundation report, delete pars. 95–98 and add "Not Used." Edit accordingly if the corrosion protection is required only at certain locations.
95. Use if encapsulation is recommended for bar reinforcing steel and HS thread bars.
Bar reinforcing steel and HS thread bars must be encapsulated. The encapsulation must:
1.	Be shop fabricated using HDPE corrugated tubing that complies with ASTM D 3350, Type III, with UV stabilizer
2.	Have a minimum nominal wall thickness of 60 mils
3.	Provide at least a 0.20-inch inside annulus between the bar and the tubing that is fully grouted before installation
4.	Be resistant to chemical attack from aggressive environments and grout
5.	Be watertight
6.	Be capable of:
6.1.	Transferring stresses from the grout surrounding the bar to the grout bonding to the ground
6.2.	Withstanding abrasion, impact, and bending during handling and installation
6.3.	Resisting internal grouting pressures
7.	Be cleaned of oil, grease, dirt, and other extraneous substances and have any damage repaired or replaced before installation
8.	Extend at least 5 feet into any pipe, HSS, or casing

96. Use if epoxy coating is recommended for bar reinforcing steel and HS thread bars.
Bar reinforcing steel and HS thread bars must be epoxy coated. The epoxy coating must:
1.	Comply with section 52-2.03, except the bend test requirements are waived and the epoxy thickness must be from 10 to 12 mils
2.	Extend at least 5 feet into any pipe, HSS, or casing

97. Use if galvanization is recommended for bar reinforcing steel.
Bar reinforcing steel must be galvanized under section 52-3.
98. Delete for Category L micropiles. Insert the type of corrosion protection required: "Encapsulation", "Epoxy coating", or "Galvanizing".
_______ is not required for steel reinforcing elements in verification test micropiles.
49-5.03  CONSTRUCTION
49-5.03A  General
Pars. 99–101. Delete for Category L micropiles.
99. Tip elevations for tension and compression must not be shown on the plans. Delete the 2nd sentence unless required by the designer and only use it for a load case other than tension or compression. Insert the load case (e.g., lateral load, group effect, etc.).
Determine the bond length and installation methods necessary to comply with the micropile load test acceptance criteria. Your proposed micropile tip elevation must not be higher than that shown in the Pile Data Table for ______.
100
You may perform additional geotechnical investigation for the purpose of determining the bond length and installation methods.
101
Do not construct any production micropiles until the test results are authorized for the verification test micropile that represents the production micropiles.
102. The values for 5 feet and 12 hours may be revised if other values are recommended in the foundation report. For Category L micropiles, delete ", pressure grout, or post-grout."
Do not drill, pressure grout, or post-grout a micropile that is within a center-to-center spacing of 5 feet from an open micropile hole or a micropile in which the initial grout has set for less than 12 hours.
49-5.03B  Verification Test Micropiles
Pars. 103–108. For Category L micropiles, delete pars. 103–108 and add "Not Used" under each heading.
103
Install a verification test micropile at each location shown. Notify the Engineer at least 7 days before installing a verification test micropile.
104. If the test site is not supposed to be level, delete "as necessary to provide a level work area." and add "and" to make 1 sentence.
Excavate the verification load test site as necessary to provide a level work area. Keep the test site free of water throughout the testing.
105
Construct each verification test micropile in the Engineer's presence, using identical drilling and grouting methods, inclination, tip elevation, and dimensions as to be used for the production micropiles it represents.
106. Use if (1) the foundation report recommends measures to provide geotechnical equivalence between the verification test micropile and the production micropiles it represents and (2) if these measures are not shown on the plans. Insert the location of the verification test micropile, or delete "at _____" if there is only 1 verification test micropile on the project. Edit if this paragraph applies to more than 1 verification test micropile. Insert the elevation to which isolation is required, or edit the paragraph if measures other than isolation are recommended.
Isolate the verification test micropile at __________ down to an elevation of __________ such that the soil above this elevation is not engaged.
107
After the verification load test results are authorized, remove the verification test micropile and any anchor piles as specified for removing portions of bridges in section 15-4.
49-5.03C  Proof Test Micropiles
108. If the test site is not supposed to be level, delete "level and."
Throughout proof load testing, maintain the test site in a condition that is level and free of water.
49-5.03D  Drilling
109. Use for difficult micropile installation. Insert the location of the difficult installation, or delete "at _____" if the conditions are the same for all micropiles. Insert the conditions that will affect the micropile installation, such as: soft bay mud overlying dense soils, caving soils, hazardous and contaminated materials, serpentine materials, tidal flow fluctuation, high ground water, cobbles and boulders, subsurface concrete debris, low overhead clearance, underground utilities, overhead utilities, requirement of micropile embedment into rock, sound control, vibration monitoring, and traffic control. Only include items that are confirmed to be issues by the structural or geotechnical designer. Use multiple paragraphs and add locations if the foundation report describes differing conditions for different locations.
Expect difficult micropile installation at ______ due to the presence of:
1.	________
2.	________
3.	________

110
Use temporary casing or another authorized drilled hole support method in caving or unstable ground.
111. Use if coring through concrete (e.g., adding micropiles to an existing footing).
Core through concrete structures using methods that do not shatter or damage the concrete adjacent to the hole.
112
Each drilled hole must comply with the following tolerances:
1.	Centerline of the drilled hole must not deviate from the micropile location shown by more than 3 inches.
2.	Center-to-center spacing of the drilled holes must not deviate from the micropile spacing shown by more than 3 inches.
3.	Axis of the drilled hole must not deviate from the alignment shown by more than 1-1/2 inches per 10 feet of length.

113
Select drilling equipment and methods that are suitable for drilling through the conditions to be encountered without causing damage to any overlying or adjacent structure or service and without causing detrimental ground movements.
114. Use if micropiles are constructed near settlement-sensitive structures.
Do not use vibratory pile-driving hammers to advance casing.
115
Remove any material dislodged or drawn into the hole during micropile construction. The drilled hole must be open along its full length to the hole diameter shown before placing grout or any steel reinforcing elements not used to case the drilled hole.
116
Dispose of drill cuttings under section 19-2.03B.
49-5.03E  Placing and Splicing Steel Reinforcing Elements
117
Place the steel reinforcing elements before withdrawing any temporary casing.
118. Delete if no splices or joints are allowed in any reinforcing elements, and also delete " and Splicing" in the heading above.
Splice the steel reinforcing elements such that the axes of the 2 spliced lengths are aligned.
119. Delete if bar splices are not allowed or if pipe, HSS, or casing threaded joints are not allowed.
If bar reinforcing steel or HS thread bar is used with pipe, HSS, or casing and the pipe, HSS, or casing has threaded joints, locate the bar splices at least 2 pipe, HSS, or casing diameters from any threaded joint.
120
Use spacers to separate steel reinforcing elements if more than 1 type of steel reinforcing element is used. Place the spacers at 10-foot maximum intervals.
121
For steel reinforcing elements not used to case the drilled hole, use centralizers to support the element in the center of the hole and to provide at least the specified grout cover. Place the centralizers at 10-foot maximum intervals, with the uppermost centralizer a maximum of 5 feet from the top of the micropile and the lowermost centralizer from 2 to 5 feet from the bottom of the micropile.
122
Centralizers and spacers must (1) be attached to the steel reinforcing elements securely enough to withstand installation stresses and (2) allow the free flow of grout without misalignment of the steel reinforcing elements.
123
Before inserting each steel reinforcing element into a drilled hole, clean the surface of the element of deleterious substances, such as soil, mud, grease, and oil.
124
If you cannot insert a steel reinforcing element into the drilled hole to the required depth without difficulty, remove the reinforcing element, clean any grout from the surface of the reinforcing element, clean or redrill the hole, and reinsert the reinforcing element. Do not force or drive a reinforcing element into a drilled hole. Micropiles with partially inserted steel reinforcing elements are rejected.
49-5.03F  Grouting
125
Grout each micropile the same day the hole is drilled.
126
You may place the grout before or after placing the steel reinforcing elements.
127
Place the grout within 1 hour of mixing.
128
Inject the grout at the lowest point of the drilled hole. Continue the injection until uncontaminated grout flows from the top of the micropile.
129
Grout each micropile in 1 continuous operation. Use grouting procedures that ensure complete continuity of the grout column.
130
If temporary casing is used, extract the casing in stages. After you remove each length of casing, bring the grout level back up to ground level before removing the next length of casing. Maintain the grout at a level above the bottom of the temporary casing adequate to prevent displacement of the grout by material from outside the casing. The tremie pipe or casing must extend at least 10 feet below the grout level in the drilled hole at all times during grout placement.
131. Delete for Category L micropiles.
For grout placed under pressure:
1.	Measure and record the grout quantity and pumping pressure
2.	Use a grout pump equipped with a pressure gauge
3.	Place a 2nd pressure gauge at the point of injection into the top of the micropile
4.	Use pressure gauges capable of measuring pressures of at least 150 psi or twice the actual grout pressure used, whichever is greater
5.	Do not use compressed air to directly pressurize the fluid grout

132
Grout tubes may remain in the hole after the completion of grouting, but must be filled with grout before pile acceptance.
133
Maintain the grout level at or above the micropile cutoff elevation until the grout has set.
134
Provide a positive means of support for maintaining the position of the steel reinforcing elements until the grout has set.
135. Delete for Category L micropiles.
Load test micropiles must remain undisturbed until the grout is strong enough to provide anchorage during load testing.
136
Dispose of material resulting from grouting.
49-5.03G  Ground Heave and Subsidence
137. Delete for Category L micropiles.
Control the grout pressures and grout takes to prevent heave and fracturing of soil or rock formations.
138
If you observe signs of ground heave or subsidence, immediately notify the Engineer and suspend the drilling and grouting operations. If the Engineer determines that the movements require corrective action, take the actions necessary to stop the movement or perform repairs.
49-5.03H  Installation Log
139
Prepare a separate installation log for each micropile.
140. For Category L micropiles, delete item 14 and delete " and pressures" in item 11. Delete item 13 if no splices or joints are allowed in any reinforcing elements.
The installation log must include:
1.	Micropile identification number and location
2.	Superintendent, drill rig operator, grout plant operator, and any other personnel involved in the micropile installation
3.	Date, time, and duration of drilling, steel reinforcing element installation, and grout placement
4.	Drilling or coring method and speed
5.	Details of any hole stabilization method used
6.	Description of soil or rock encountered
7.	Quantity of ground water encountered
8.	Description of any unusual installation behavior or conditions
9.	Drilled hole diameter
10.	Micropile tip elevation
11.	Log of grout quantities and pressures, including the time and micropile depth
12.	Lengths of steel reinforcing elements
13.	Details of splicing operations, including locations of the splices or joints
14.	Bond length

49-5.04  PAYMENT
141
Section 49-1.04 does not apply.
142. Delete for Category L micropiles.
Verification test micropiles are paid for as micropiles.
