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Implementation
This memorandum is effective as of the date of issue. 	
This memorandum replaces previous policies: N/A

Background
Many existing MTO bridges are supported by driven steel pile foundations, and it is anticipated that driven steel pile foundations will continue to be frequently specified. 
Bridge Engineers design the foundation systems using Limit State Design (LSD).  Axial and lateral resistances of piles are recommended by the Foundation Engineer and typically included in Foundation Investigation and Design Reports.
During pile installation it is imperative to ensure reliable, repeatable, efficient, and accurate methods are utilized to verify the resistance of driven piles and ensure the pile resistance satisfies the design requirements.   
The MTO currently employs a customized version of the Hiley Dynamic Formula on its projects to control pile installation and to monitor/verify the axial capacity of the pile during installation. However, the accuracy of the MTO Hiley Dynamic Formula has been challenged on MTO projects.  Also, the inconsistency of the MTO Hiley Dynamic Formula from pile to pile and from site to site has led to discussions regarding the validity of the application of the formula on MTO projects. 
A comprehensive study, which reviewed the installation and testing of 299 piles at 34 different sites between 1979 and 2022, has been completed to compare the accuracy, efficiency, and reliability of high strain dynamic testing (Pile Driving Analyzer or PDA) with the above mentioned MTO Hiley Dynamic Formula.  The study included a comparison of each method with static pile load testing and with predicted static empirical methods on MTO projects. The study concluded that the PDA is a more reliable and dependable method of controlling pile installation.

Policy
PDA shall be the preferred approach of controlling the installation of piles on MTO projects with exceptions as described herein.
[bookmark: _Hlk68774398]
1. Foundation Investigation and Design Reports (FIDRs)
Recommendations for the control of pile installation using PDA shall be included in the Foundation Investigation and Design Reports (FIDRs) on a project specific basis. PDA shall be the default method to control the installation of piles. The recommendation to use methods other than PDA shall be on an exception basis. The rationale for using MTO Hiley Dynamic Formula or any other method shall be provided in the FIDR and shall only be used with approval of the Foundation Section.
Some potential exclusions are described in Appendix A.
The FIDR shall also provide discussion on the potential effect of set-up and relaxation of piles driven at the site, and the provided recommendations for the control of pile installation shall consider these effects. If restrike testing is required, the FIDR shall provide recommendations on the wait period between initial drive and restrike, and the ultimate geotechnical resistance to be achieved during initial drive.

2. Specifications and Special Provisions
Construction Specifications and Special Provisions shall reflect the change from the MTO Hiley Dynamic Formula to the PDA commensurate with this policy.  Revised Designer Fill-ins and Notes to Designers to be included in SP 109F57 have been developed that enable the designer to select high strain dynamic testing or, for the exceptional cases, the MTO Hiley Dynamic Formula. The current version of SP 109F57 and the revised Fill-Ins and Notes are provided in Appendix B.

3. Drawings 
Note(s) shall be included on the Foundation Layout Drawing to; A) specify the requirement for PDA testing, B) specify the geotechnical resistance to be mobilized during PDA testing, and C) specify the wait period when restrike PDA testing is required. Recommendations for typical Drawing Notes are provided in Appendix C.  When the MTO Hiley Dynamic Formula is used, Notes from Structural Manual, along with Structural Standard Drawing SS103.011 shall be used. 



4. Foundation Engineering Specialist (FES) / PDA Testing Agency
PDA testing and analysis shall be performed by the Foundation Engineering Specialist (FES), provided that the FES has the appropriate experience and capabilities. Alternately, a PDA Testing Agency shall be retained to conduct the PDA testing and analysis. The testing agency shall be retained by the FES.
MTO Foundations Section, in collaboration with the Regional CSA’s, shall produce project specific Terms of Reference for the FES and/or PDA Testing Agency.
A sample terms of reference for FES / PDA testing is provided in Appendix D.

5. PDA Testing Guidelines
As a general overview, PDA testing shall be performed based on the following guidelines:
a) Testing shall be completed in accordance with ASTM D4945 or as specified.
b) As a minimum, 10% of piles in each pile group/foundation element shall be tested (rounded up to the nearest whole number) but no fewer than two piles in each element.
c) PDA tests shall be performed on the first two piles driven at each element to establish the drive criteria for the remaining piles in the element. The location of the first two piles subjected to PDA testing shall be selected at different locations within the element to represent the driving conditions across the element. Testing shall be performed at the end of initial drive, and at restrike if required. Additional PDA tests, if required, shall be uniformly distributed throughout the remainder of the piles. 
d) Reduction in the number of PDA tests to below the minimum numbers specified must be approved by MTO Foundations Section.
e) Additional testing can be requested if the specified ultimate geotechnical resistance is not mobilized during testing, observations made during pile driving indicate the potential for pile damage, or to address other concerns raised by the Contract Administrator.
f) For piles not driven to/into bedrock, the piles shall initially be driven to the anticipated pile tip elevation or to a preliminary set as determined by a wave equation analysis (WEAP). The PDA testing equipment shall be attached to the pile before recommencing pile driving. PDA testing shall be continuously performed for the remainder of the drive and until the PDA testing indicates the pile has achieved the required capacity.
g) For piles driven to/into bedrock, pile driving shall be initially stopped when the pile tip reaches an elevation approximately 2 m above the anticipated top of bedrock elevation. The PDA Testing equipment shall be attached to the pile before recommencing pile driving. PDA testing shall be continuously performed for the remainder of the driving and until the PDA testing indicates the pile has achieved the required capacity and the pile has been seated on/into bedrock. 
h) The impact device to be used for PDA testing shall be capable of mobilizing the specified ultimate geotechnical resistance in a single blow without additional data interpretation.
i) The PDA results shall be utilized to control the driving of the remining piles in the pile group/foundation element.
j) No pile shall be considered accepted until it achieves the drive criteria established by PDA testing or otherwise approved by the Contract Administrator.

6. Set Up and Relaxation
The control of pile installation shall consider set up and relaxation as described in Appendix E.

7. Resistance Factors
Resistance factors using dynamic test results shall be in accordance with Table 6.2 of the CHBDC (CSA S6:25).  Table 6.2 requires a resistance factor of 0.45, 0.5 and 0.55 for dynamic tests for levels of understanding of low, typical, and high respectively for deep foundations in axial compression.
With approval of the Foundation Section, consideration can be given to installation and testing of preproduction piles to validate larger resistance factors.

8. Contract Management System
All test results shall be uploaded into the Contract Management System by the Contract Administrator.  Information related to the pile, the soil and the hammer system, as detailed in Appendix F, shall be uploaded as well.
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Appendix A

PDA Exclusions

Possible exclusions where the MTO Hiley Dynamic Formula, instead of PDA, could be used may include:
1. When it is well supported by empirical correlations under a giving set of physical and geological conditions.
1. Where a site-specific correlation has been obtained for hammer, soil, pile system with static load test.
1. Friction piles in cohesionless soils
1. Low complexity projects at remote locations
Recommendations to use means other than PDA for the conditions cited above shall be on an exception basis. Rationale for using the MTO Hiley Dynamic Formula (or other control means) shall be provided in the FIDR with explicit recommendations.



Appendix B

Specifications and Special Provisions

AMENDMENT TO OPSS 903, APRIL 2025

	
Special Provision No. 109F57	December 2025



Dynamic formula or High-Strain Dynamic Testing

903.07	CONSTRUCTION

903.07.02	Driven Piles

903.07.02.07	Monitoring Driven Piles

903.07.02.07.03	Driving to a Specified Ultimate Resistance

Clause 903.07.02.07.03 of OPSS 903 is deleted in its entirety and replaced with the following:

[* Designer Fill-In, See Notes to Designer]


NOTES TO DESIGNER:

*	Insert the following clauses and fill-in a Dynamic formula or High-Strain Dynamic Testing when a specified ultimate resistance is recommended by the Foundations Engineer.

903.07.02.07.03.01	General

Piles are to be driven to a specified ultimate resistance that shall be determined using the [Fill in Dynamic Formula, or High-Strain Dynamic Testing] at end of initial driving. If the specified ultimate resistance is not achieved, retap/restrike shall be conducted after initial driving as specified in the Contract Documents.

A Request to Proceed shall be submitted to the Contract Administrator after the design ultimate resistance is achieved.

The next operation shall not proceed until a Notice to Proceed has been received from the Contract Administrator.

903.07.02.07.03.02	Driving to a Set

The founding elevation shall be established by driving to a set determined in accordance with the dynamic formula specified in the Contract Documents or by the application of the wave equation analysis procedure that verifies the pile resistance. This set shall be established on the first pile of every ten piles driven in a pile group.

The other piles shall be controlled by the pile penetration rate in blows per millimetre that correlates to the set.

When new conditions, such as change in hammer size, change in pile size, or change in soil material occur, new sets shall be determined.

903.07.02.07.03.03	Driving to Bedrock

When driving piles to bedrock, the pile shall be adequately seated on bedrock without damaging the pile.

Where rock points are used, the rock points shall penetrate into the rock. Piles driven using rock points shall be driven to ensure adequate seating on the bedrock without damaging the pile.

Driving of piles on sloping bedrock shall be stopped when initial contact is made with the bedrock. The bedrock elevation shall be recorded. Driving shall then continue, commencing with energy of 10% of the maximum energy of the hammer. The pile shall be driven in sets of 20 blows at this energy until no penetration is observed. Twenty additional blows shall be applied, and, if no penetration is observed, the energy shall be increased by an additional 10% and the above procedure repeated.

Driving shall continue with these stepped increases in energy and with the same series of blows as described above, until the pile has been seated on the bedrock.

If unrealistic excessive penetration per blow is observed, driving shall be stopped, and this excessive penetration immediately reported to the Contract Administrator.




WARRANT:	Always with OPSS 903, Construction Specification for Deep Foundations.

[bookmark: _Hlk166742383]
 REVISED NOTES TO DESIGNER ADDED BY THIS POLICY:

NOTES TO DESIGNER:

*	Insert the following clauses and fill-in a Dynamic formula or High-Strain Dynamic Testing when a specified ultimate resistance is recommended by the Foundations Engineer.

903.07.02.07.03.01	General

Piles are to be driven to a specified ultimate resistance that shall be determined using the [Fill in Dynamic Formula, or High-Strain Dynamic Testing] at end of initial driving.  If the specified ultimate resistance is not achieved, restrike shall be conducted after initial driving as specified in the Contract Documents.
A Request to Proceed shall be submitted to the Contract Administrator after the required ultimate geotechnical resistance is achieved.
The next operation shall not proceed until a Notice to Proceed has been received from the Contract Administrator.

[If Dynamic Formula is selected]

903.07.02.07.03.02	Driving to a Set

The founding elevation shall be established by driving to a set determined such that evaluation of the ultimate geotechnical resistance in accordance with the MTO Modified Hiley Dynamic Formula (as detailed on MTO Standard Drawing SS103-0011) is greater than the required ultimate resistance specified in the Contract Documents.
The set shall be established on the first pile of every ten piles driven in a pile group/foundation element, but no fewer than two piles in each element. The location of piles within each element to be subjected to evaluation using the MTO Modified Hiley Dynamic Formula shall be selected to be uniformly distributed throughout the element.
The other piles in the foundation element shall be controlled by the pile penetration rate in blows per millimetre that correlates to the set.
When new conditions, such as change in hammer size, change in pile size, or change in soil material occur, new sets shall be determined. Additional evaluation using the MTO Modified Hiley Dynamic Formula can be requested if observations made during pile driving indicate the potential for pile damage, or to address other concerns raised by the Contract Administrator.

903.07.02.07.03.03	Driving to Bedrock

When driving piles to bedrock, the pile shall be adequately seated on bedrock without damaging the pile.
Where rock points are used, the rock points shall penetrate into the rock. Piles driven using rock points shall be driven to ensure adequate seating on the bedrock without damaging the pile.
Driving of piles on sloping bedrock shall be stopped when initial contact is made with the bedrock. The bedrock elevation shall be recorded. Driving shall then continue, commencing with energy of 10% of the maximum energy of the hammer. The pile shall be driven in sets of 20 blows at this energy until no penetration is observed. Twenty additional blows shall be applied, and, if no penetration is observed, the energy shall be increased by an additional 10% and the above procedure repeated.
Driving shall continue with these stepped increases in energy and with the same series of blows as described above, until the pile has been seated on the bedrock.
If unrealistic excessive penetration per blow is observed, driving shall be stopped, and this excessive penetration immediately reported to the Contract Administrator.

[If High Strain Dynamic Testing is selected]

903.07.02.07.03.02	Driving to a Set

The founding elevation shall be established by driving to a set determined through High Strain Dynamic Testing (PDA testing) performed in accordance with ASTM D4945.
As a minimum, 10% of piles in each pile group/foundation element shall be tested (rounded up to the nearest whole number), but no fewer than two piles in each pile group/foundation element.
The piles to be tested shall initially be driven to the anticipated pile tip elevation or to a preliminary set as determined by a wave equation analysis (WEAP). The PDA testing equipment shall be attached to the pile before recommencing pile driving. PDA testing shall be continuously performed for the remainder of the driving and until the PDA testing indicates the pile has achieved the required capacity.
The set shall be established on the first two piles driven in an element. The location of the first two piles subjected to PDA testing shall be selected at different locations within the element to represent the driving conditions across the element. The remainder of the PDA tests within an element, if required, shall be distributed throughout the remaining piles and shall be used to verify the set established on the first two piles and hammer performance.
Piles shall be subjected to PDA testing upon completion of initial driving (End of Initial Drive testing). Where specified in the Contract Documents, PDA testing shall also be performed a designated period of time after end of initial drive (Restrike testing). The restrike PDA testing shall be performed on the first impacts applied to the pile (Beginning of Restrike). The piles designated for restrike testing shall not be used to warm up the hammer (if required) prior to the restrike testing.
The device utilized for impacting the pile should be capable of producing the requisite impact capable of mobilizing a resistance equal to or larger than the contract specified ultimate geotechnical resistance in a single blow.
The Contractor shall coordinate with the Contract Administrator and provide any necessary assistance required to perform the PDA tests.
The anticipated time between end of initial drive and restrike testing, if required, shall be outlined in the Contract Documents.
Additional PDA tests may be requested by the Contract Administrator if piles encounter set at shorter than anticipated penetrations, observations made during pile driving indicate that the required ultimate geotechnical capacities are not being achieved, there is potential for pile damage, or to address other concerns raised by the Contract Administrator.

903.07.02.07.03.03	Driving to Bedrock

When driving piles to bedrock, the pile shall be adequately seated on bedrock without damaging the pile.
Where rock points are used, the rock points shall penetrate into the rock. Piles driven using rock points shall be driven to ensure adequate seating on the bedrock without damaging the pile.
As a minimum, 10% of piles in each pile group/foundation element shall be PDA tested (rounded up to the nearest whole number), but no fewer than two piles in each pile group/foundation element. The first two piles driven in an element shall be subjected to PDA testing. The location of the first two piles subjected to PDA testing shall be selected at different locations within the element to represent the driving conditions across the element. The remainder of the PDA tests within an element, if required, shall be distributed throughout the remaining piles.
The piles to be PDA tested shall be initially stopped when the pile tip reaches an elevation approximately 2 m above the anticipated top of bedrock elevation. The PDA testing equipment shall be attached to the pile before recommencing pile driving. PDA testing shall be continuously performed for the remainder of the driving and until the PDA testing indicates the pile has achieved the required capacity and the pile has been seated on/into bedrock. The PDA testing records shall be assessed by the testing agency and the Contract Administrator to ensure the piles were seated on/into the rock to the required ultimate geotechnical resistance without damage. 
If the PDA test results on the first two piles indicates pile damage has occurred, the Contractor shall modify its driving procedure to reduce the potential for damage. The next two piles shall then be subjected to PDA testing with the revised methodology.
The installation methodology used to install PDA tested piles without damage shall be used for the remaining piles in the element.
If unrealistic excessive penetration per blow is observed, driving shall be stopped, and this excessive penetration immediately reported to the Contract Administrator.

WARRANT:	Always with OPSS 903 Construction Specification for Deep Foundations. 
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Schematic showing the Application of the MTO’s Modified Hiley Formula (SS103-11)
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Appendix C

Contract Drawings

Notes to be included on Typical Foundation Layout Drawing

NOTE 1: PDA testing shall be completed in accordance with the Contract Documents.

NOTE 2: A minimum ultimate geotechnical resistance of #,### kN shall be mobilized during PDA testing

NOTE 3: Restrike PDA testing shall be performed a minimum of ## days after initial drive



Appendix D

Sample Terms of Reference

Appendix # - Foundation Engineering Specialist for High Strain Dynamic Testing

General
PDA testing and analysis shall be performed by the Foundation Engineering Specialist (FES), provided that the FES has the appropriate experience and capabilities. Alternately, a PDA Testing Agency shall be retained to conduct the PDA testing and analysis. The testing agency shall be retained by the FES.

Qualifications
The execution of the PDA requires experience and qualifications.
PDA testing and analysis shall be carried out by a company registered and approved in MTO’s RAQs as the Specialty: Geotechnical (Structures and Embankments) - Medium or High Complexity.
PDA Testing Agencies not registered and approved in RAQS may be exempted from the RAQS requirement provided that the testing agency has sufficient documented PDA testing experience and qualifications. Requests for exemptions from the RAQS qualification requirements shall be submitted to MTO Foundations Section for review. If the exemption is approved, the PDA Testing Agency must perform the work under the supervision of a FES with the required MTO RAQS qualifications. 
High strain dynamic tests shall be performed by an Engineer/Technician with at least 5 years of experience in high strain dynamic testing who will be under the direct supervision of an Engineer with at least 10 years of experience in high strain dynamic testing.

Services
Testing shall be completed in accordance with ASTM D4945 or as specified.
At the request of the Contract Administrator, the FES / PDA Testing agency shall submit calibration certificates of all equipment used. All equipment used shall be in good working condition and shall have been calibrated within the last 2 years according to ASTM D4945.
PDA testing shall be carried out to verify axial capacity, energy transferred to the pile and pile integrity. The results of the PDA testing shall be used to establish drive criteria to be used in controlling the driving of other piles not subjected to PDA testing. The established drive criteria shall consider set up and relaxation, as appropriate for the site conditions.
The number of PDA tests to be completed shall be specified in the Contract Documents and shall include, as a minimum, 10% of piles in each pile group/foundation element (rounded up to the nearest whole number) but no fewer than two piles in each pile group/foundation element.  Reduction in the number of PDA tests to below the minimum numbers specified must be approved by MTO Foundations Section. Additional PDA tests may be requested at the discretion of the Contract Administrator.
PDA tests shall be performed on the first two piles driven at each pile group/foundation element. The location of the first two piles subjected to PDA testing shall be selected at different locations within the element to represent the driving conditions across the element. The remainder of the PDA tests within an element, if required, shall be distributed throughout the remaining piles. The FES shall review and utilize the PDA results to establish a drive criterion to control the driving of the remining piles in the pile group/foundation element. No pile shall be considered accepted until it achieves the drive criteria established by PDA testing or otherwise approved by the Contract Administrator.
PDA testing shall be completed at the end of initial driving and upon restrike when restriking is specified in Contract Documents or as requested by the Contract Administrator. Additional testing can be requested if the specified geotechnical resistance is not mobilized during testing, observations made during pile driving indicate the potential for pile damage, shorter penetrations than specified are encountered, or to address other concerns raised by the Contract Administrator. 

Deliverables
Field level estimates of the mobilized resistance, calculated driving stresses, and transferred energy shall be provided by the PDA Testing Agency during the onsite testing. It is understood that these field level estimates are only estimates and are not necessarily indicative of the results after analysis. The purpose of the field level estimates is to provide immediate feedback to the Contract Administrator and Pile Driving Contractor in order to make real time adjustments to the pile driving operations.
A preliminary report on the test results and its analysis shall be submitted to the Contract Administrator within 24 hours after completing the test.  As a minimum, the preliminary report shall include:
a) Pile mobilized resistance based on a closed-form solution such as Case Method or approved equivalent. The report shall clearly identify which closed-form solution and damping constant are being reported.
b) Pile integrity. 
c) Calculated driving stresses.
d) Transferred energy and hammer efficiency at the time of the test.
e) Pile penetration resistance (measured as blows per 25 mm) during testing.
f) Hammer blow rate (measured as blows per minute).
A final report shall be submitted to the Contract Administrator and shall include the following:
a) Results of pile mobilized resistance and pile integrity based on signal-matching analyses (CAPWAP or approved equivalent), hammer performance and comparisons with any applicable static load test.  
b) Discussion and recommendations for soil setup/relaxation, and/or revised pile installation criteria. 
c) Appendices shall be included containing the following documents:
i. Pile installation record
ii. Reference subsurface information (borehole record)
iii. Pile location drawing 
iv. Test set up geometry
v. CAPWAP outputs
The report shall be issued by 2 Engineers, licensed in Ontario, one of whom shall be identified as MTO’s designated RAQS contact and one of whom shall have the required experience in high-strain dynamic testing. If an exemption has been granted to the PDA Testing Agency due to the agency not having the required RAQS certification, the FES overseeing the work shall include a covering letter, signed by the MTO’s designated RAQS contact, confirming the work was preformed under supervision and that the results have been reviewed by the FES. 
The final reports shall be handed over to the Contract Administrator for review and acceptance within 5 days after the completion of PDA testing. The Contract Administrator will give a written acceptance or a list of revisions that need to be made to the report(s) within 5 business days of receiving them.





Appendix E

Pile Set up and Relaxation
The terms "soil set-up" and "soil relaxation" describe, respectively, the time-dependent increase and decrease in the capacity (geotechnical resistance) of driven piles. When a pile is driven into the soil, the surrounding soil around the pile can be significantly disturbed. After driving is complete, piles driven into saturated clays, loose to medium-density silts, or fine sands may demonstrate an increase in resistance when compared to the resistance at end of driving. This phenomenon is called "soil set-up". Conversely, piles driven into dense saturated fine sands, dense silts, or weak laminated rocks such as shale could demonstrate a decrease in resistance after the driving. This phenomenon is called "soil relaxation". The main mechanism governing these two phenomena is the dissipation of excess pore pressure (FHWA 2016). 

Set-up
In the case of soil set-up, the capacity of driven piles increases with time following pile driving. Set-up has been observed in piles driven into saturated clays, loose to medium-dense silts, or fine-grained sands. In these soils, excess (positive) pore pressures are developed due to soil compressibility and disturbance. These excessive pore pressures are caused by a combination of radial compression when the soil is displaced by the pile and soil shearing and remolding. Both the effective stresses acting on the pile and the soil shear strength are decreased by the excessive pore pressures. As a result, there is less pile capacity both while driving and for some time after. After driving, the pore water will flow radially away from the pile, releasing the excess pore pressures (Randolph et al. 1979). The soil reconsolidates and gains shear strength as excess pore pressures dissipates (FHWA 2016). 
Pile capacity evaluations should be based on static load tests, dynamic testing, or hammer restrike events carried out after equilibrium conditions in the soil have been recovered, as the pile capacity may increase after driving has ended. The duration of time it takes for equilibrium conditions to recover varies greatly depending on the type of soil and degree of soil disturbance. Piezometers installed within three diameters of the pile can be utilized in investigations to monitor the dissipation of pore pressure over time. Once pore pressures are determined, effective stress static capacity calculations may be utilized to assess the resistance's increase over time (FHWA 2016). 
Static load testing or restrike dynamic testing of piles in fine-grained soils should be postponed until pore pressures dissipate to assess the largest magnitude of soil setup.
Although soil set-up increases the capacity of the piles after time, it also generates residual loads.
As the soil sets up there can be a corresponding increase in the loads on the piles. These loads are known as residual loads or "locked-in loads", which are associated with the development of negative skin friction along the upper part of the piles and are resisted by the positive skin friction at both the lower part of the pile and toe resistance. The residual load due to pile "set-up" might increase after the dissipation of excess pore water pressure as a result of soil recovery from the disturbance that occurred during pile driving. The main problem that occurs when the residual load is not taken into account when evaluating the results of a pile loading test is that the shaft resistance appears to be higher than it actually is, and the toe resistance appears to be proportionally lower (Fellenius 2002). 
High strain dynamic testing (PDA) is especially suited to assessing the capacity at the end of driving since it collects data while driving. Restrike testing can be conducted multiple times at different times following initial driving. On the basis of end-of-drive and restrike data, CAPWAP analysis may be used to determine the distribution of set-up between the shaft and toe (Komurka et al. 2003). In summary, PDA along with CAPWAP can be used to predict a piles capacity and measure the residual loads. 

Relaxation
In the case of soil relaxation, the capacity of driven piles decreases with time following pile driving. Relaxation has been observed in piles driven into saturated dense fine sands, saturated dense (non-cohesive) silts, or weak laminated rocks such as shale. In these soils, negative pore pressures can develop due to soil dilatation (an increase in the volume) near the pile toe after the driving. Consequently, the effective stress and thus the pile resistance are temporarily increased. After time, the developed negative pore water pressures dissipate leading to a decrease in the effective stress and thus the pile resistance. Pile capacity assessments from static load testing or dynamic test restrikes should be done after equilibrium conditions (dissipation of negative pore water pressure) in the soil have been recovered since the pile capacity may decrease (relax) after the end of driving.

Scheduling of Static Load Tests and Dynamic Tests
Set-up was observed in piles driven into:
· Saturated clays; 
· Loose to medium-dense saturated silts;
· Loose to medium-dense saturated fine-grained sands; 
It is preferred that static load testing or dynamic restrike tests of piles in clays and other primarily fine-grained soils be postponed for two weeks after driving or longer, if possible, in the absence of site-specific pore pressure data or local experience. Unfortunately, delays of this size are rarely achievable on most ordinary projects to quantify or validate the soil setup magnitude. Therefore, in high setup areas, it is important to measure the soil setup magnitude and time rate in a design stage testing program. Multiple restrike events on dynamic test piles and static load tests should be included in the design stage program so that both the setup time rate and the setup magnitude can be determined and later used for production driving where only shortened restrike intervals can be accommodated due to the construction schedule. Pore pressures typically decrease more quickly in fine sands and sandy silts. Three to seven days is frequently enough of a temporal delay in these more granular deposits (FHWA 2016).

Relaxation was observed in piles driven into: 
· Dense/very dense saturated fine sands; 
· Dense/very dense saturated (non-cohesive) silts; 
· Weak laminated rocks such as shale;
It is advised to wait a few days to a week after driving or longer, if possible, before static stress testing or restriking of piles (dynamic test) in dense silts and fine sands. Static load testing or restrike testing should be postponed in relaxation-prone shales for at least ten days to two weeks after driving (FHWA 2016). 
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Appendix F

Contract Management System

The pile installation model consists of:
1. The Pile
2. The Subsurface Conditions
3. The Pile Equipment and Hammer System

Pile Details: 
· Material and strength: steel, concrete, or timber. 
· Pile Section details: diameter wall thickness, straight or tapered 
· Special coatings for corrosion or down drag. 
· Estimated pile tip elevation. 
· Estimated pile length. 
· Splices, toe protection, etc. 
· Design load and ultimate capacity. 
· Allowable driving stresses. 

Subsurface Conditions
· Soil resistance to be overcome to reach estimated length. 
· Subsurface and Groundwater Conditions
· Minimum pile penetration requirements if and where required. 
· Special Provisions: boulders, obstructions from previous construction/ shoring, artesian pressure, time delays for embankment fills, etc., 

Installation: 
· Pile Driving Equipment
· Hammer Type, System and Energy 
· Method of determining ultimate pile capacity. 
· Pile Driving Records document blows per mm or blows per 0.2m
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