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	Use on projects when Micropiles are specified.


Section 569. - MICROPILES

Description

569.01  This work consists of furnishing all necessary materials, services, supervision, labor, and equipment to install and test micropiles (piles).
Material

569.02  Conform to the following Subsections:
Hydraulic cement






701.01(a)
Admixtures







711.03

Grout








725.22(e or f)
Welding 







551.09(a)
Lean Concrete







614
Water








725.01(a)

Construction Requirements
569.03  Qualifications.  The Contractor or subcontractor must demonstrate satisfactory completion of at least 5 permanent micropile projects of similar size and scope during the past 5 years, and demonstrate experience with micropile testing.  Submit a brief description of each project including the owning agency’s name, contact person, current telephone number, and load test reports.
Provide an engineer, on-site supervisors, and drill operators with experience installing permanent micropiles on at least 5 projects over the past 5 years.  At least 30 days before starting micropile work, identify the engineer, on-site supervisors, and drill operators assigned to the project and submit a summary of their individual experiences.

569.04  Submittals.  At least 20 days prior to construction, submit the following to the CO for review and allow 10 days for response:

(a) Proposed micropile construction schedule and sequence.  Schedule pile installation to avoid interconnection or damage to piles in which grout has not achieved final set.

(b) Drawings for micropile installation showing:

(1) Plan and elevation views

(2) Micropile number, location and pattern

(3) Micropile design load

(4) Type and size of permanent casing

(5) Type and size of reinforcing steel

(6) Type and dimensions of structural steel plates

(7) Minimum total bond length

(8) Total micropile length

(9) Micropile top attachment

(10) Micropile cut-off elevation

(11) Quantities summary
(c) Description of the proposed equipment suitable for drilling, hole cleaning/prep, and grouting procedures in the ground conditions expected to be encountered.  Review geotechnical and environmental site conditions prior to selecting the appropriate equipment.  Demonstrate an understanding of the subsurface conditions at the site by referencing subsurface data provided in the contract test hole boring logs prepared for this project.  Indicate how minimal disturbance to the construction site or any overlying or adjacent structure or service will be achieved.
(d) Details of methods used to ensure borehole stability during excavation and grout placement.  Include a review of the drilling and installation method’s suitability to the anticipated site and subsurface conditions.  In case of borehole failure, provide methods of stabilizing the borehole that do not affect the required micropile capacity.
	In subsection (e) need to confer with Geotech on required ASTM specifications (highlighted below), depending on requirement for compression or tension verification test and prooftesting.  Also, a load cell is required for maximum test loads greater than 100 Tons according to both tension and compression testing standards.


(e) Proposed method(s) for constructing and load testing the micropiles.  Provide the micropile verification load testing proposal in conformance with ASTM D-1143 and/or ASTM D-3689, and indicate the minimum following information:
(1) Drawings and details describing the load test method(s) and equipment.
(2) Calibration reports for hydraulic jacks, pressure gauges and master pressure gauges.  An independent testing laboratory must have conducted the tests within 6 months of the date submitted.

(a) Type and accuracy of apparatus for load measurement

(b) Type and accuracy of apparatus for applying load

(c) Type and apparatus for measuring pile deformation and displacement
(3) Type and capacity of reaction load system, including sealed design drawings, supporting calculations for all structural components of the micropile load test apparatus.

(f) Grout mix designs, including details of all materials to be incorporated and the procedure for mixing and placing the grout.  Include certified test results verifying the acceptability of the proposed mix designs whereby 4-inch diameter by 8-inch long cylinders are made and standard cured in accordance with AASHTO T23 and tested at 7 and 28 days in accordance with AASHTO T22.

569.05  Micropile Installation.  A pre-construction meeting will be held by the CO prior to the start of micropile installation to clarify construction requirements, coordinate the construction schedule and activities, and identify contractual relationships and delineation of responsibilities amongst the Contractor and the Subcontractors.

Before drilling holes for constructing production micropiles, demonstrate the proposed methods and equipment are adequate and the grout-to-ground bond value used is accurate by installing pre-production micropile(s) for verification load test(s).  Verification and production micropiles shall be installed according to the following:
(a) Drilling.  Drill holes according to submitted and reviewed installation plan.  Upon drilling completion remove drill cuttings and/or other loose debris from the bottom of the hole.  The borehole must be open to the defined nominal diameter, full length, prior to placing reinforcement elements and grout.  Develop methods of stabilizing borehole that do not have a deleterious effect on the geotechnical bond development of the grout.
If, during installation of a pile, an obstruction is encountered that prevents the practical advancement of the pile, abandon the hole and fill with lean concrete.  Drill a new hole at a location to be determined by the CO; however, it must be acknowledged that in certain structures, relocation options may be severely limited, and further attempts at the original location with different methods may be required.
(b) Pipe Casing and Reinforcing Bar Placement and Splicing.  Provide permanent steel casing and reinforcing steel bars meeting material requirements as shown on the plans.  Install the central reinforcement steel with centralizers into the stabilized drill holes to meet the minimum clearance as shown on the plans and  according to Section 554.  Provide centralizers fabricated from any material, except wood, that is not deleterious to the reinforcement steel or casing.
Secure lengths of casing and reinforcing bars to be spliced in proper alignment and in a manner to avoid eccentricity or angle between the axes of the two lengths to be spliced.  Locate threaded pipe casing joints at least two casing diameters (OD) from a splice in any reinforcing bar.  When multiple bars are used, stagger bar splices at least one foot.  Construct all pipe casing splices to develop the required design strength of the pipe casing section.  Welding, except as shown on plans, is not permitted unless approved by the CO.
(c) Grouting.  Fully grout micropiles the same day the load transfer bond length is drilled.  Provide a grout that does not contain lumps or any other evidence of poor or incomplete mixing.  Keep the grout in constant agitation prior to pumping.  Mix admixtures, if used, in accordance with manufacturer’s recommendations.  Equip the pump with a pressure gauge to monitor grout pressures.  Provide a pressure gauge capable of measuring minimum pressures of 150 psi or twice the actual grout pressures used by the Contractor, whichever is greater.  Size the grouting equipment to enable the grout to be pumped in one continuous operation to eliminate cold joints along the pile.
Tremie grout from the lowest point of the drill hole until clean, pure grout flows from the top of the micropile.  Grout may be pumped through tremie tubes, hollow stem augers, or drill rods.  All grouting operations, including tremie grout pumping, casing extraction and subsequent pressure grouting operations, must ensure complete continuity of the grout column.  The use of compressed air to directly pressurize the fluid grout is not permissible.  Control the grout pressures and grout takes to prevent excessive heave in cohesive soils or fracturing of soil or rock formations.  Grout the entire pile to the design cut-off level.

Upon completion of pile grouting, the grout tube may remain in the hole, but must be filled with grout.  If the Contractor uses a post-grouting system, submit all relevant details including grouting pressure, volume, location and mix design, as part of Section 569.04.  Grout within the micropiles shall be allowed to attain the minimum design strength prior to being loaded.

(d) Bearing Plates.  Construct bearing plates, if required, as shown on plans.

569.06  Installation Records.  Provide a report with the following information to the CO within 24 hours after each pile installation is completed:
(a) Pile location

(b) Pile drilling duration and observations (e.g., flush return)

(c) Soil/rock/water encountered, included in drilling log format
(d) Pile inclination

(e) Approximate final tip elevation

(f) Cut-off elevation

(g) Description of problems encountered

(h) Grout pressures attained

(i) Grout quantities pumped

(j) Pile materials employed and dimensions

(k) Installation methods/equipment employed
(l) Micropile test records, analyses, and details, as applicable
569.08  Allowable Tolerances.  Check micropile shafts and adjust to within the allowable tolerances shown in Table 569-1.
Table 569-1

Micropile Construction Tolerances

	Micropile Attribute
	Allowable Variance

	Center of Micropile
	< 3.0 inches from indicated plan location or pile spacing

	Pile-hole alignment
	±2% of design alignment

	Top Elevation
	Zero to 1.0 inch above the design vertical elevation

	Center of Reinforcing Steel
	< 0.75 inch from pile center


Observe site conditions in the vicinity of the micropile construction on a daily basis for signs of ground heave or subsidence.  Immediately suspend operations and notify the CO if signs of movement are observed, if the micropile structure is adversely affected, or if adjacent structures are damaged from drilling or grouting.  Take corrective actions necessary to stop the movement or perform repairs at no cost to the government as directed by the CO.
569.08  Pile Load Tests.  Perform pre-production verification load tests on sacrificial test piles, constructed along each structure or as specified on the plans, to verify the design of the pile system and construction methods proposed prior to installing production piles.
Size the verification test micropile structural steel sections to safely resist the maximum test load.  Do not exceed 80 percent of the structural capacity of the micropile structural elements, including steel yield in tension, steel yield or buckling in compression, or grout crushing in compression when the maximum verification test loads are applied.

Apply test loads with a hydraulic jack and measure with a pressure gauge.  Use a hydraulic jack and pressure gauge with a pressure range not exceeding twice the anticipated maximum test pressure, and a jack with a ram travel sufficient to allow the test to be done without resetting.
Measure the pile top movement with a dial gauge capable of measuring to 0.001 inches.  Use a dial gauge with a travel sufficient to allow the test to be done without resetting.  Align the gauge to be parallel to the axis of the micropile and support the gauge independently from the hydraulic jack, pile, or reaction frame.  Use a minimum of two dial gauges when the test setup requires reaction against the ground or reaction piles on each side of the test pile.

Load test piles to 200 percent of the compression and/or tension design load (DL) as indicated on the plans (i.e., 2.00 DL).  Position the jack at the beginning of the test such that the unloading and repositioning of the jack during the test will not be required.  Test piles under compression loads prior to testing under tension loads, as applicable.  An Alignment Load (AL), if required, may be applied to the pile prior to setting the movement recording devices.  Provide an Alignment Load no greater than 10 percent of the Design Load (i.e., 0.10 DL).  Zero dial gauges after the first setting of AL.

Conduct verification load tests by loading the micropile and recording the pile head movement in the cyclic load increments in Table 569-2.
Table 569-2
Verification Test Load Schedule
	Load
	Hold Time (minutes)

	AL
	2.5

	0.15 DL
	2.5

	0.30 DL
	2.5

	0.45 DL
	2.5

	AL
	1.0

	0.15 DL
	1.0

	0.45 DL
	1.0

	0.60 DL
	2.5

	0.75 DL
	2.5

	0.90 DL
	2.5

	1.00 DL
	2.5

	AL
	1.0

	0.15 DL
	1.0

	1.00 DL
	1.0

	1.15 DL
	2.5

	1.30 DL
	60 minute creep test (1)

	1.45 DL
	2.5

	AL
	1.0

	0.15 DL
	1.0

	1.45 DL
	1.0

	1.60 DL
	1.0

	1.75 DL
	2.5

	1.90 DL
	2.5

	2.00 DL Maximum Test Load
	10.0

	1.50 DL
	5.0

	1.00 DL
	5.0

	0.50 DL
	5.0

	AL
	5.0


(1) Hold until pile meets acceptance criteria (2) in Section 569.10.
* AL=Alignment load
DL=Design load

Record pile movement with respect to a fixed reference at each loading increment, starting the hold period immediately after the load is applied.  Also record pile movement during creep testing at 1, 2, 3, 4, 5, 6, 10, 20, 30, 50, and 60 minutes.

Provide the CO a written report confirming micropile geometry, construction, testing details, and verification test results within 7 working days following completion of the pre-production verification load tests.  The test results will be reviewed and approved by the CO prior to installing production micropiles.

Upon completion of verification testing, remove test piles to an elevation 1 foot below the bottom of cap/footing.
Any change in construction method or encounter with a markedly different foundation material should be accompanied by additional verification tests.

569.09  Proof Load Tests.  Perform proof load tests on 5 percent of production micropiles or as directed by the CO.  Conduct proof load testing to a maximum test load of 1.60 DL.  Incrementally load the micropiles during the proof test according to the loading schedule in Table 569-3.
Table 569-3
Proof Test Load Schedule
	Load
	Hold Time (minutes)

	AL
	2.5

	0.15 DL
	2.5

	0.30 DL
	2.5

	0.45 DL
	2.5

	0.60 DL
	2.5

	0.75 DL
	2.5

	0.90 DL
	2.5

	1.00 DL
	2.5

	1.15 DL
	2.5

	1.30 DL
	10 to 60 minute creep test (1)

	1.45 DL
	2.5

	1.60 DL Maximum Test Load
	2.5

	1.30 DL
	4.0

	1.00 DL
	4.0

	0.75 DL
	4.0

	0.50 DL
	4.0

	0.25 DL
	4.0

	AL
	5.0


(1) Hold until pile meets acceptance criteria (2) in Section 569.10.

* AL=Alignment load

DL=Design load

Record pile movement at each loading increment with respect to a fixed reference, starting the load hold period immediately after the test load is applied.  Depending on pile performance, perform either a 10-minute or 60-minute creep test at the 1.30 DL load.  If the pile top movement measured between 1 and 10 minutes exceeds 0.04 inches, maintain the test load for an additional 50 minutes, recording movements at 1, 2, 3, 5, 6, 10, 20, 30, 50, and 60 minutes, as applicable.
569.10  Acceptance.  Micropile materials and construction will be evaluated under Subsections 106.02, 106.03 and 106.04.
Reinforcing steel for micropiles will be evaluated under Section 554.
Submit production certifications for each shipment of structural steel and with each shipment of permanent steel casing.  Coupon tests (2 per shipment) may be submitted in lieu of production certification for permanent steel casing.
For Grout, see Table 569-4 for sampling and testing requirements.
(a) The acceptance criteria for micropile verification load tests are:

(1) Provide test piles to sustain the design load (1.0 DL) with no more than 0.375 inches of total vertical movement at the top of the pile as measured relative to the top of the pile prior to the start of testing.  If an Alignment Load (AL) is used, then the allowable movement will be reduced by multiplying by a factor of (DL-AL)/DL.
(2) Provide test piles that have a creep rate at the end of the 1.30 DL increment that is not greater than 0.040 inch/log cycle time from 1 to 10 minutes or 0.080 inch/log cycle time from 6 to 60 minutes and has a linear or decreasing creep rate.

(3) Failure does not occur at the 2.0 DL maximum loads.  Failure is defined as a slope of the load versus deflection (at end of increment) curve exceeding 0.025 inch/kip.
If the micropile verification test fails to meet the acceptance criteria, establish the cause(s) and provide modifications to the design, the construction procedures, or both.  Retest the new system, as directed by the CO.  These modifications include, but are not limited to, installing replacement test micropiles, modifying the installation methods, increasing the bond length, regrouting via pre-placed re-grout tubes, or changing the micropile type.  Any modification which requires changes to the structure must have prior review and acceptance of the CO through submittals.  Determine the cause for any modifications of design or construction procedures to appropriately determine any additional cost implications.

(b) The acceptance criteria for micropile proof load tests are:

(1) Compression and tension design loads (1.0 DL) with no more than 0.50 inches total vertical movement at the top of the pile as measured relative to the pile prior to the start of testing.  If an Alignment Load (AL) is used, then the allowable movement will be reduced by multiplying by a factor of (DL-AL)/DL.
(2) A creep rate at the end of the 1.30 DL increment that is not greater than 0.040 inch/log cycle time from 1 to 10 minutes or 0.080 inch/log cycle time from 6 to 60 minutes and has a linear or decreasing creep rate.

(3) Failure does not occur at the maximum load increment.  Failure is defined as a slope of the load versus deflection (at end of increment) curve exceeding 0.025 inch/kip.

If a proof-tested micropile fails to meet the acceptance criteria, proof test another micropile in the immediate vicinity.  For failed piles and further construction of other piles, modify the design, the construction procedure, or both.  These modifications include, but are not limited to, installing replacement micropiles, incorporating piles of reduced load capacities, modifying the installation methods, increasing the bond length, or changing the micropile type.  Provide submittals for review to the CO of any modification which requires changes to the structure.  Decide the cause for any modifications of design or construction procedures to appropriately determine any additional cost implications.
Measurement

569.11  Measure Section 569 items listed in the bid schedule according to Subsection 109.02 and the following, as applicable.
Measure micropile verification load tests by each.  Do not measure failed verification test micropiles or additional verification test micropiles installed to verify alternative micropile installation methods proposed by the Contractor.
Measure production micropiles by linear foot.  Measure from the plan top elevation to the approved tip elevation.  No payment will be allowed for grout.
Measure micropile proof load tests by each.  Do not measure failed proof test micropiles.
Payment

569.12  The accepted quantities will be paid at the contract price per unit of measurement for Section 569 pay items listed in the bid schedule.  Payment will be full compensation for the work prescribed in this Section.  See Subsection 109.05.

Table 569-4

Sampling and Testing Requirements
	Material or Product
	Type of Acceptance (Subsection)
	Characteristic
	Category
	Test Method Specifications
	Sampling Frequency
	Point of Sampling
	Split Sample
	Reporting Time

	Grout

composition

(725.22

(e) or (f))
	Measured and tested for conformance

(106.04 and 105)
	All
	---
	Subsection 569.04
	1 per mix design
	Source of materials
	Yes
	Before producing

	Grout

(production)
	Measured and tested for conformance

(106.04)
	Compressive strength (1)
	---
	AASHTO T 23 &

AASHTO T 22
	1 set of three per day, or per every 20 micropiles

(whichever is greater)
	Point of discharge
	---
	Upon completing tests

	
	
	Flow
	---
	ASTM C 939
	1 per every 5 micropiles
	“
	---
	“


(1) A single compressive strength result is the average result from three 4-inch by 8-inch cylinders from the same load and tested at 28 days.







