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a.	Description.  This work consists of engaging an independent dynamic pile testing consultant with personnel qualified in accordance with this specification to instrument and monitor driven piles using dynamic testing with signal matching.  The dynamic testing and analysis is to be performed on piles driven in accordance with section 705 of the Standard Specifications for Construction.  Perform this work as specified herein and as shown in the contract or as directed by the Engineer.

See subsections 101.03 and 705.01 of the Standard Specifications for definitions applying to this work.

b.	Materials.  Provide all necessary materials and hardware required to instrument and monitor the test piles with the required dynamic testing equipment.

c.	Construction.  Perform dynamic testing with signal matching to monitor instrumented production and test piles as required by the contract or when the required nominal pile driving resistance is greater than 600 kip as directed by the Engineer.

Dynamic testing consists of instrumenting and monitoring piles during pile driving.  Ensure the dynamic testing work is in accordance with the AASHTO LRFD Bridge Design Specifications unless modified herein.  Perform dynamic pile testing on the end of driving (EOD) and/or beginning of restrike (BOR) of the test piles as directed by the Engineer.  Signal matching analysis utilizing the case method is required to determine the nominal pile driving resistance (Rndr) and absolute refusal criteria for production piles.

Engage an independent dynamic pile testing consultant (Testing Firm) with personnel qualified in accordance with subsection c.2 of this special provision.  Prior to testing, the Engineer will review and approve the proposed independent Testing Firm’s assigned personnel experience and qualifications, details of the testing method, equipment list, and test results analysis method.  Provide the Testing Firm all available details of the subsurface conditions, pile dimensions and properties, and pile driving systems.

1.	Equipment.  Ensure the equipment is in accordance with ASTM D4945, Standard Test Method for High Strain Dynamic Testing of Deep Foundations.  Ensure all equipment necessary for instrumenting and monitoring piles, such as strain gages, accelerometers, cable, installation tools, etc., is furnished by the Testing Firm.  Submit proof that calibrations of the strain gages and accelerometers were done within 2 years of when the dynamic pile testing occurs.

2.	Personnel.  The Testing Firm must perform dynamic pile testing and analysis utilizing qualified personnel.  Ensure an engineer with a minimum of 2 years dynamic pile testing and analysis experience or who has achieved advanced or better certification under the High-Strain Dynamic Pile Testing Examination and Certification process of the Pile Driving Contractors Association and Foundation QA is in charge of the dynamic testing operation and signal matching analysis either onsite or by remote connection.  Ensure a Professional Engineer licensed in the State of Michigan is in charge of the dynamic testing operation and signal matching analysis.  Ensure all analysis and submittals are sealed by the licensed Professional Engineer in charge.

3.	Pile Driving Modeling.  The Testing Firm must perform preconstruction pile driving modeling using the GRL Wave Equation Analysis Program (GRLWEAP) and prepare a report summarizing the results.  The report must also include MDOT Form 1956 (LRFD Pile and Driving Equipment Data) filled out by the Contractor and must use the equipment stated in that form in the modeling.  Submit the report to the Engineer for approval a minimum of 14 days prior to driving the test piles.  Ensure the wave equation analysis is used to assess the ability of all proposed pile driving systems to install piles to nominal pile driving resistance and to install piles to the minimum penetration depth while within the allowable driving stresses.  The report must include a drivability graph relating nominal pile driving resistance, blow count, and driving stresses to depth.  The report must also include a bearing graph relating nominal pile driving resistance with blow count versus nominal pile driving resistance and stroke.  Include an inspector’s chart to assist the Engineer in determining the required nominal pile driving resistance at other field observed hammer strokes.  Acceptability of the wave equation report and the adequacy of the analyses will be determined by the Engineer.

Approval by the Engineer of the proposed pile driving system will be based upon the GRLWEAP analysis indicating that the proposed system can develop the specified nominal pile driving resistance outlined in subsection 705.03.A.2 of the Standard Specifications for Construction and not exceed the maximum pile driving stress outlined in Table 705-1 while meeting minimum pile penetration depth requirements.  The Testing Firm must provide pile driving criteria based on wave equation analyses and any anticipated resistance changes after driving (setup or relaxation) subject to revision based upon dynamic pile testing field measurements.

If any changes or modifications are made to the approved pile driving system, ensure additional wave equation analyses and reports in accordance with this section are submitted at no additional cost to the contract.

4.	Dynamic Pile Testing.  Dynamic pile testing involves monitoring the response of a pile subjected to heavy impact applied by the pile hammer at the pile head.  The Testing Firm must provide information on the driving stresses, nominal pile driving resistance, structural integrity, and hammer efficiency.  Ensure all field testing and measurements are made in the presence of the Engineer and/or Engineer’s representative.

The Testing Firm must install two sets of strain transducers and accelerometers near the top of each pile being tested and must use a compatible measuring and recording system to record the data during pile driving.  The Engineer must approve the method of fixing and positioning the field equipment.  If the level of the instrumentation reaches 1 foot above the ground surface, water surface or a pile template then driving must be halted to remove the gages from the test pile.  If additional driving is required, ensure the pile is spliced and the gages reattached near the top of the next pile segment prior to resuming pile driving.

The Testing Firm must monitor pile driving stresses to prevent pile damage and to ensure pile integrity and structural resistance.  If the testing equipment indicates overstressing (defined in Table 705-1 of the Standard Specifications for Construction) or pile damage, the Contractor and/or Testing Firm must immediately discontinue pile driving and notify the Engineer.

If the testing equipment indicates that the measured pile stresses during driving exceed the maximum pile driving stress then ensure a new pile driving system, modification of the existing pile driving system or new pile installation procedures is proposed by the Contractor.  Approval by the Engineer of any proposed changes to the pile driving system or pile installation procedures will be based upon the results of additional wave equation analyses as previously outlined at no additional cost to the contract.

5.	Dynamic Measurement and Analysis.  Monitoring of pile driving must commence when pile driving begins and continue until the minimum pile length or practical refusal is reached, whichever penetration is greater unless the Testing Firm determines additional driving will damage the pile.  Ensure the data is recorded and processed immediately in the field.  For each pile tested, perform pile driving analysis using signal matching software for a selected blow at the end of driving to determine the nominal pile driving resistance and relative resistance from end bearing and skin friction along the pile.

If nominal pile driving resistance determined at the end of driving is less than required, perform a restrike test on the pile.  The time interval between end of driving and beginning of restrike will be determined by the Engineer.  During restrike, instrument and monitor the pile similar to during end of drive conditions.  For each restrike test, perform pile driving analysis using signal matching software for a selected blow from the beginning of restrike to determine nominal pile driving resistance and relative resistance from end bearing and skin friction along the pile.

Perform the restrike test with pile hammer that has been warmed up by applying at least 20 blows to another pile at least 25 feet away from the restrike pile, or as approved by the Engineer.  The test must consist of striking the pile for a number of blows determined by the Testing Firm unless the dynamic testing indicates overstressing or pile damage.  If such overstressing or pile damage is indicated, the Contractor must immediately discontinue driving and notify the Engineer.  Additional driving may be required by the Engineer in the event beginning of restrike testing indicates pile resistance below the nominal value specified.

The Engineer may request use of pile driving monitoring equipment and software on additional piles if inconclusive results are obtained or unusual driving conditions are encountered.  Claims by the Contractor for delays or costs associated with additional testing will not be allowed.

6.	Results.  The Testing Firm must prepare a report for each dynamic pile test for the Engineer’s review.  The report must include the following, at a minimum:

A.	GRLWEAP bearing graph and inspector’s chart showing blow count versus nominal pile driving resistance and stroke used for determining the nominal pile driving resistance of the production piles.  Ensure the graph and chart are developed based on the results of the dynamic testing and signal matching data.  Both the maximum force and maximum transferred energy calculated by GRLWEAP must match within 10 percent of those calculated by the signal matching.  Deliver the bearing graph to the Engineer for approval within 2 working days after completion of driving the test piles at any single substructure unit.  This information must also be documented in the appropriate reports listed below.

B.	A report summarizing the dynamic testing and signal matching results for each test pile.  Additionally, the Testing Firm must supply an electronic portable document format (pdf) containing all test data for each substructure test pile.  The data must consist of blow counts, pile stresses, nominal pile driving resistance, hammer energies, and hammer strokes for each 1-foot depth increment.  Send these reports to the Engineer no later than 2 working days after dynamic pile tests have been completed at any given substructure unit.

d.	Measurement and Payment.  The completed work, as described, will be measured and paid for at the contract unit price using the following pay items:

Pay Item	Pay Unit

Test Pile, Furn Dynamic Analysis Equipment	Each
Test Pile, Dynamic Analysis	Each

1.	Test Pile, Furn Dynamic Analysis Equipment will be measured and paid for each mobilization of the Testing Firm’s equipment and personnel from the Testing Firm’s office to the project site.  Approval from the Engineer is required prior to any mobilization.

2.	Test Pile, Dynamic Analysis will be measured and paid for each pile designated in the contract plans or by the Engineer as a test pile when dynamic testing with signal matching is specified.  Test Pile, Dynamic Analysis includes all materials, tools, labor, engineering analysis, and documentation necessary to determine the test pile nominal pile driving resistance and driving stresses according to this specification.  The contract unit price for Test Pile, Dynamic Analysis will be in addition to the contract unit price(s) for piles furnished and driven.

Payment for beginning of restrike is included in pay item Test Pile, Dynamic Analysis.  Subsequent restrikes, if necessary, will be paid for as extra work.

No additional compensation will be granted for the following items due to the provisions of this specification: out-of-sequence moves of pile driving equipment, delays, down-time, idle equipment, and labor or additional splices for production piles.

No unit price adjustment will be made in the event of increased or decreased contract quantities for dynamic testing and analysis.



