
 

 

 

 

 

 

                                  INVITATION TO BID 

                            EMMET COUNTY ROAD COMMISSION 

                     FOR 

          GILL ROAD BRIDGE OVER CARP RIVER                      

          Timber Pile and Timber Cap Installation 

 

 

Sealed bids will be received by the Emmet County Road Commission at their offices located at 

2265 E. Hathaway Road, Harbor Springs, MI, until 9:30 a.m., Tuesday, February 19, 2019, at 

which time they will be opened and read aloud for the Installation of the Timber Piles and 

Timber Cap for the Reed Road Bridge over Van Creek.   

 

A copy of the specifications may be obtained at the offices of the Emmet County Road 

Commission at 2265 E. Hathaway Road, Harbor Springs, MI 49740, (231)347-8142 or 

emmetcrc@emmetcrc.com. 

 

 

       EMMET COUNTY ROAD COMMISSION 

       Frank Zulski, Jr. – Chairman 

       Leroy Sumner – Vice Chairman 

       Larry Williams – Member 
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a. Description.  Delete section 705 of the Standard Specifications for Construction.  
Furnish and drive foundation piles of the type and dimensions designated in the contract 
documents, including cutting off or building up of foundation piles when required.  Perform this 
work as specified herein; at the location; and to the elevation, penetration, and the required 
nominal pile driving resistance (Rndr) shown in the contract documents or as directed by the 
Engineer. 
 

Definitions.  The following apply when used herein and on the plans: 
 

Absolute Refusal.  A nominal pile driving resistance value of 150 percent of the nominal 
pile driving resistance shown on the plans.  However, when dynamic pile testing is specified 
the absolute refusal shall be determined by the Testing Firm subject to the Engineer’s 
approval in accordance with section c.4.C. and Table 1 herein. 

 
CIP.  The abbreviation for cast-in-place. 

 
Design Pile Length.  The predetermined pile length specified on the plans for piles. 

 
Design Pile Tip Elevation.  The predetermined pile tip elevation when the design pile 
length is specified. 

 
Dynamic Formula.  Empirical formula used to estimate Rndr during pile driving.  The FHWA 
Gates formula is specified. 

 
Dynamic Testing.  High strain dynamic testing during pile driving to estimate Rndr using 
appropriate instrumentation and signal matching computer software. 

 
Estimated Pile Length.  The length shown on the plans to be used as a guide for 
estimating the work and ordering test piles in cases where the nominal pile driving 
resistance is specified. 

 
Estimated Pile Tip Elevation.  The elevation shown on the plans at which the bottom of 
piles are estimated to develop the nominal pile driving resistance of the piles shown on the 
plans. 

 
Manufacturer.  The company that manufactures the pile driving equipment including, but 
not limited to the hammer and appurtenances. 

 
Minimum Pile Length.  The length between pile cutoff elevation and minimum pile 
penetration elevation shown on the plans. 

a. - Description a. - Description 
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Minimum Pile Penetration Elevation.  The elevation shown on the plans at which the 
bottom of piles must be driven to or below. 

 
Nominal Pile Driving Resistance (Rndr).  Nominal pile driving resistance measured during 
pile driving with either dynamic formula or dynamic testing methods in kips as specified in 
the plans. 

 
Ordered Pile Length.  The length determined from test pile results.  For timber piles, the 
Engineer will determine the ordered length.  For cast-in-place concrete piles and steel piles, 
the Contractor will determine the ordered length. 

 
Practical Refusal.  A nominal pile driving resistance value of 110 percent of the nominal 
pile driving resistance shown on the plans. 

 
Prebore Elevation.  The elevation at which preboring is to be stopped as shown on the 
plans. 

 
Production Piles.  Piles other than test piles. 

 
Test Pile.  A pile driven at a location shown on the plans to determine pile driving 
characteristics.  Nominal Pile Resistance of a test pile shall be certified using a static load 
test, dynamic formula, or dynamic testing methods as defined in section c.4 and the contract 
documents. 

 
Testing Firm.  Consultant hired by the Contractor to provide dynamic testing and analysis 
services. 

 
When test piles are required, the pile lengths shown in the contract are for estimating purposes 
only.  Furnish actual pile lengths necessary to achieve the required nominal pile driving 
resistance and minimum pile length.  When test piles are not required, furnish the piles in 
accordance with the design pile length as shown in the contract. 
 

b. Materials.  Use materials that conform to the following sections of the Standard 
Specifications for Construction: 
 

Concrete, Grade S1 ...................................................................................................... 701 
Granular Material, Class II ............................................................................................ 902 
Steel Reinforcement...................................................................................................... 905 
Foundation Piles ........................................................................................................... 906 
Water............................................................................................................................. 911 
Treated Timber Piles..................................................................................................... 912 
Pile Points (including Shoes and End Plates) ............................................................... 906 

 
Use either new or used steel piles in good condition consisting of the rolled structural steel 
shapes and yield strength provided on the plans or by authorization.  Use new steel shells for 
CIP Concrete Piles. 
 
Use steel reinforcement of the yield strength shown on the plans. 
 
Use full length treated timber piles. 

a. - Description b. - Materials 
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c. Construction. 

 
1. Storage and Handling of Piles.  Store piles off the ground with sufficient cribbing to 

prevent bending or distortion of the piles. 
 

Store and handle piles to prevent dirt, water, or other foreign material from entering steel 
shells for CIP concrete piles. 

 
Handle timber piles according to subsection 709.03 of the Standard Specifications for 
Construction. 

 
2. Equipment.  Size pile driving equipment in such a way that the production and test 

piles can be driven with reasonable effort without damage, refer to Formula 1 and 2 herein.  
Do not use driving equipment that damages the piling.  Obtain advanced approval from the 
Engineer for all pile driving equipment, including the pile driving hammer, hammer cushion, 
helmet, pile cushion, and other appurtenances to be furnished by the Contractor.  Pursuant 
to obtaining this approval, submit a description of pile driving equipment to the Engineer and 
the Testing Firm when dynamic testing is specified at least 30 calendar days before pile 
driving is to begin.  The Engineer will evaluate the proposed driving system by dynamic 
formula and/or wave equation analysis unless dynamic testing is specified.  If dynamic 
testing is specified, the Testing Firm must perform the wave equation analysis and submit 
the results to the Engineer for approval as outlined in section c.4.C. 

 
In addition to the other requirements contained herein, the criterion that the Engineer will 
use to evaluate the pile driving equipment will consist of both the required number of 
hammer blows per inch, and the pile driving stresses over the entire driving process. 

 
Select pile driving equipment which installs the piles at a rate between 2 and 10 blows per 
inch at the required nominal pile driving resistance.  For preliminary hammer selection 
purposes, the minimum and maximum hammer energy necessary may be estimated as 
follows: 

 
2)100(082.0 +≥ ndrd RE  Formula 1 

 
2)100(193.0 +≤ ndrd RE  Formula 2 

 
Where: 

 
Rndr  = Nominal pile driving resistance measured during pile driving in kips. 
Ed = Energy developed by the hammer per blow in foot-pounds. 

 
For pile stresses determined by wave equation analysis, do not exceed the maximum pile 
driving stresses given in Table 1 for the entire driving operation. 

 
Table 1  Maximum Pile Driving Stress 

Pile Material Maximum Pile Driving Stress 

Steel 90 percent of the yield strength 
Timber 3.1 ksi (Fco = 0.9)  

c. - Construction c.2. - Equipment 
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The Engineer will predict pile stresses for vertical piles by wave equation analysis using the 
hammer efficiencies given in Table 2.  However, when dynamic testing is specified, the 
Testing Firm must use the wave equation with the specified efficiencies given in Table 2 for 
preliminary analysis to estimate pile stresses.  Refined analysis after dynamic testing must 
use the actual hammer efficiency to conduct additional wave equation analyses as outlined 
in section c.4.C. 

 
Table 2  Hammer Efficiencies 

Hammer Type Efficiency 
(percent) 

Drop 25 to 40 
Single Acting Air 67 
Double Acting Air 50 
Diesel 80 
Hydraulic or Diesel with Built in Energy Measurement 95 

 
The Engineer (or the Testing Firm when dynamic testing is specified) will adjust hammer 
efficiencies for driving battered piles. 

 
The Contractor will be notified of the acceptance or rejection of the driving system within 14 
calendar days of the Engineer's receipt of the Pile and Driving Equipment Data Form and 
required reports (when dynamic testing is specified).  If rejected, modify or replace the 
proposed methods or equipment, at no cost to the Department. 

 
Only use the approved system during pile driving operations.  Any change in the driving 
system will only be considered after the Contractor has submitted revised pile driving 
equipment data and revised reports from the Testing Firm (if applicable) to the Engineer for 
review.  The Contractor will be notified of the acceptance or rejection of the driving system 
changes within 5 working days of the Engineer's receipt of the requested change.  The time 
required for submission, review, and approval of a revised driving system will not constitute 
the basis for a contract time extension for the Contractor. 

 
Approval of pile driving equipment will not relieve the Contractor of responsibility to drive 
piles free of damage to the required nominal pile driving resistance and, if specified, to the 
minimum pile penetration elevation shown in the contract. 

 
A. Hammers.  Piles may be driven with air, diesel, or hydraulic hammers.  Only use 

drop hammers to drive timber piles, if specifically permitted in the contract. 
 

(1) Drop Impact Hammers.  Do not use drop hammers for piles where the 
required nominal pile driving resistance exceeds 200 kips.  When drop hammers are 
permitted, the ram must have a weight not less than 2.0 kips and the height of drop 
must not exceed 12 feet.  Do not use a ram weight less than the combined weight of 
the helmet and the pile.  Equip all drop hammers with hammer guides and a helmet 
to ensure concentric impact. 

 
(2) Air Impact Hammers.  Operate air hammers within the manufacturer’s 

specified ranges.  Provide the Engineer with the hammer specifications so that the 
energy developed by the hammer with each blow may be determined.  Use striking 
parts with a weight of at least 2.75 kips and not less than one-third the combined 

c.2. - Equipment c.2.A.(2) - Air Impact Hammers 



03SP705(B) 
C&T:RWS 5 of 17 03-30-11 

weight of pile and helmet.  Furnish the power plant and equipment for air hammers 
with sufficient capacity to maintain, under working conditions, the volume and 
pressure at the hammer, specified by the manufacturer.  Equip the power plant and 
equipment with accurate pressure gauges which are easily accessible to the 
Engineer.  Connect the compressor to the hammer with a hose of at least the 
minimum size recommended by the manufacturer. 

 
Hammer performance will be evaluated at the end of driving by measuring blows per 
minute and comparing with the manufacturer’s recommendations.  Measure the blow 
rate with a device that makes the measurement automatically. 

 
(3) Diesel Impact Hammers. 

 
(a) Open End (Single Acting).  Provide the Engineer with a chart from the 

hammer manufacturer equating stroke and blows per minute.  Average hammer 
stroke at the end of drive will be determined from the blow rate, using a device 
that makes the measurement automatically.  In addition, equip open end diesel 
hammers with a device such as rings on the ram to permit the Engineer to 
visually determine hammer stroke at all times during pile driving operations. 

 
(b) Closed End (Double Acting).  Equip closed end hammers with a bounce 

chamber pressure gauge, in good working order, mounted near ground level so 
as to be easily read by the Engineer.  Provide a correlation chart of bounce 
chamber pressure and potential energy.  Average hammer stroke at the end of 
drive will be determined from bounce chamber pressure. 

 
(4) Hydraulic Impact Hammers.  Operate hydraulic hammers within the 

manufacturer’s specified ranges.  Furnish the power plant for hydraulic hammers of 
sufficient capacity to maintain the volume and pressure specified by the 
manufacturer.  Equip the power plant with accurate pressure gauges which are 
easily accessible to the Engineer.  Equip hydraulic hammers with an energy readout 
device.  Furnish wave equation analysis to aid in the determination of the adequacy 
of the hammer, and indicate the nominal pile driving resistance of the pile.  Do not 
use Formulas 1 through 5 for these calculations. 

 
(5) Non-Impact Hammers.  Do not use non-impact hammers such as vibratory 

hammers, or driving aids such as jets, followers and prebored holes unless either 
specifically permitted in writing by the Engineer or stated in the contract. 

 
(6) Additional Equipments or Methods.  If the minimum pile penetration elevation 

is not obtained by the use of a hammer complying with the minimum requirements 
described herein, the Contractor may be required to provide a hammer of greater 
energy or, when permitted, resort to supplemental methods such as preboring.  
Additional wave equation analyses for the new hammers must be conducted by the 
Engineer (or Testing Firm when dynamic testing is specified) to assess predriving 
pile stresses as outlined in sections c.2 and c.4.C. 

 
B. Driving Appurtenances. 

 
(1) Hammer Cushion.  Equip all impact pile driving equipment, except drop 

hammers, with a hammer cushion of suitable thickness to prevent damage to the 

c.2.A.(2) - Air Impact Hammers c.2.B.(1) - Hammer Cushion 
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hammer or pile.  Hammers designed such that a hammer cushion is not required, are 
excluded from this requirement. 

 
Fabricate hammer cushions of durable manufactured materials that will retain 
uniform properties during driving.  Do not use wood, wire rope, or asbestos hammer 
cushions.  Place a striker plate on the hammer cushion to ensure uniform 
compression of the cushion material.  Remove the hammer cushion from the helmet 
and inspect in the presence of the Engineer when beginning pile driving at each 
structure or after each 100 hours of pile driving, whichever is less.  Replace the 
hammer cushion whenever there is a reduction of hammer cushion thickness 
exceeding 25 percent of the original thickness before driving is continued. 

 
(2) Helmet.  Fit piles with a helmet to distribute the hammer blow uniformly and 

concentrically to the pile top.  Ensure that the helmet surface in contact with the pile 
is plane and smooth and align it parallel with the hammer base and the pile top.  
Guide the helmet with leads and do not allow it to be free-swinging.  Fit the helmet to 
the pile top in such a manner as to maintain concentric alignment of hammer and 
pile. 

 
For timber piles, the pile top diameter must not exceed the least inside horizontal 
dimension of the helmet or hammer base by more than 2 inches of.  Trim the pile top 
to the fit the helmet if the timber pile diameter slightly exceeds the least helmet or 
hammer base horizontal dimension.  Trimming of the pile top will only be allowed 
above the cutoff elevation. 

 
(3) Pile Cushion.  When CIP concrete piles must be redriven after concrete has 

been placed and cured inside the steel shells, protect pile tops with a pile cushion.  
Proportion the pile cushion to distribute the blow of the hammer throughout the 
cross-section of the pile. 

 
(4) Leads.  Use pile driving leads that align the pile and the hammer in proper 

positions throughout the driving operation.  Use leads that are constructed in a 
manner that affords freedom of movement of the hammer while maintaining 
alignment of the hammer and the pile to ensure concentric impact for each blow.  
Use leads designed to permit proper alignment of battered piles when applicable.  
Do not allow the pile section being driven to extend above the leads.  Leads may be 
either fixed or swinging type.  Fit swinging leads, when used, with a pile gate at the 
bottom of the leads.  Use leads that are adequately embedded in the ground or 
constrain the pile in a structural frame such as a template to maintain alignment.  
Use leads of sufficient length to make the use of a follower unnecessary. 

 
(5) Followers.  Only use followers when approved in writing by the Engineer or 

when specified in the contract.  If a wave equation analysis is not performed, use a 
follower with impedance between 50 percent and 200 percent of the pile impedance.  
Maintain the follower and pile in proper alignment during driving.  Drive the first pile 
in each bent, and every tenth pile driven thereafter, full length without a follower to 
determine that adequate pile penetration is being attained to develop the required 
nominal pile driving resistance.  Use a follower of such material and dimensions to 
permit the piles to be driven to the penetration depth determined necessary from the 
driving of the full length piles.  Verify that the final position and alignment of the first 

c.2.B.(1) - Hammer Cushion c.2.B.(5) - Followers 
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two piles installed with followers in each substructure unit are in accordance with the 
location tolerances in subsection c.3.B.(5) herein before additional piles are installed. 

 
(6) Spud.  A short strong driven member which is removed to make a hole for 

inserting a pile.  The use of spuds will not be permitted in lieu of preboring. 
 

3. Driving Methods. 
 

A. Preparation for Driving.  Prior to driving, cut pile tops square with the axis of the 
pile.  Use collars, bands, or other devices to protect timber piles against splitting and 
brooming. 

 
(1) Excavation and Fill.  Do not drive piles (or redrive piles) until excavation 

and/or fill is complete unless otherwise specified in the contract.  Where piles are to 
be driven (or redriven) through fills, compact the embankment to the bottom of the 
concrete substructure unit before driving piles.  Remove any material forced up 
between the piles to the correct elevation before concrete for the foundation is 
placed. 

 
(2) Pile Preboring to Facilitate Driving.  When specified, prebore holes to the 

prebore elevation shown on the plans.  Provide a finished hole with a diameter equal 
to or slightly greater than the diameter of the pile. 

 
Maintain a stable open hole until the pile has been installed and advanced to the 
bottom of the bore.  Do not begin final drive for bearing until the pile reaches the 
prebore elevation shown on the plans.  Control caving or unstable soil layers by 
using temporary casing or non-toxic and non-hazardous drilling slurry.  Handle and 
dispose of drilling slurry according to the 1972 PA 347, Sedimentation and Erosion 
Control Act either on the site or at an off site location where existing or proposed 
structures will not be affected.  Obtain approval from the Engineer for on site 
disposal. 

 
Remove or clear boulders, cobbles, or other obstructions.  Provide rock chisels, 
extractors, core barrels, or other equipment necessary to clear obstructions.  The 
removal of obstructions that require this special equipment will be paid for as extra 
work. 

 
To the extent possible, complete all preboring within a foundation unit and advance 
all piles to the prebore elevation, before beginning the final drive.  When preboring 
occurs within 20 feet of a completed pile, recheck the pile capacity by restriking the 
pile.  The Engineer will select the piles for restrike.  Restrike with the same driving 
equipment used in the initial installation.  If any reduction in capacity occurs, redrive 
all piles to Rndr.  Restrike due to preboring is included in the pay item Pile, Furn and 
Driven, LRFD. 

 
Backfill all voids remaining after the final drive with granular material Class II or 
approved equal. 

 
Prebore pile holes with a variation of not more than 1/4 inch per foot from the vertical 
or from the batter line shown on the plans.  Upon completion, the center of the hole 
at cutoff elevation must be within 6 inches of the position shown on the plans. 

c.2.B.(5) - Followers c.3.A.(2) - Pile Preboring 



03SP705(B) 
C&T:RWS 8 of 17 03-30-11 

 
The use of spuds will not be permitted in lieu of preboring. 

 
Unless otherwise directed on the plans, when piles are to be driven through 
compacted fill of a depth greater than 5 feet, drive piles in holes prebored to natural 
ground in accordance with the above requirements. 

 
B. Driving.  During driving, maintain pile tops square with the axis of the pile. 

 
(1) Obstructions.  If an impenetrable obstruction is encountered when driving a 

pile, choose either of the following courses of action: 
 

(a) Remove the pile, and if reusable according to the Engineer, adjust it 
laterally (side to side), and redrive.  Redrive according to subsection c.3.B.(5) 
herein except for this lateral adjustment.  The total length of pile driven, including 
the length of pile embedded in the ground and removed, will be measured for 
payment. 

 
(b) Cut off the pile at the lowest practical elevation and drive another pile 

adjusted laterally (side to side).  Drive according to subsection c.3.B.(5) herein 
except for this lateral adjustment.  The total length of pile driven, including the 
length of pile that was cut off and left in the ground, will be measured for 
payment. 

 
If unable to bypass the impenetrable obstruction using either course of action, 
remove or otherwise clear the obstruction.  Provide rock chisels, extractors, core 
barrels, or other equipment necessary to clear obstructions.  The removal of 
obstructions that require this special equipment will be paid for as extra work. 

 
(2) Penetration. 

 
(a) Design Pile Length.  When the plans specify the design pile tip elevation, 

install piles to the design pile tip elevation unless the Maximum Pile Driving 
Stress in Table 1 is reached at a higher elevation. 

 
(b) Estimate Pile Length.  When the plans specify the estimated pile length, 

install piles to a penetration that satisfies all of the following: 
 

(i) The nominal pile driving resistance is not less than the required 
nominal pile driving resistance shown on the plans. 

 
(ii) The bottom of the pile is at or below the minimum pile penetration 

elevation shown on the plans.  Piles must not be driven past absolute refusal 
unless Dynamic Testing is specified.  When Dynamic Testing is specified, the 
pile stresses must not exceed those outlined in Table 1, as determined by the 
Dynamic Testing outlined in section c.4.C as applicable. 

 
(3) Test Piles.  Test piles are required when the plans show estimated pile 

lengths.  Complete the excavation or embankment to within 2 feet of the proposed 
grade at the test pile locations.  Install test piles at locations shown in the plans with 
approved impact hammer equipment.  Drive the test piles to the minimum pile length 

c.3.A.(2) - Pile Preboring c.3.B.(3) - Test Piles 
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or to practical refusal, whichever penetration is greater.  The Engineer may stop the 
driving of any test pile at tip penetrations exceeding 10 feet below the estimated pile 
tip elevation to check for pile setup according to subsection c.3.B.(2).(b) herein.  
Payment for initial restrike is included in pay item Test Pile, LRFD and Test Pile, 
Dynamic Analysis, LRFD.  Subsequent restrikes, if necessary, will be paid for as 
extra work. 

 
When piles fail to achieve the required Rndr after driving 10 feet below the estimated 
pile tip elevation, but are greater than 85 percent of the required Rndr, leave piles in 
place for a minimum waiting period of 48 hours to allow for soil setup unless 
otherwise directed by the Engineer.  After the waiting period has passed, restrike the 
pile to check the Rndr.  The Rndr, after soil setup, will be based on the number of 
restrike blows necessary to drive the pile an additional 3 inches using a hammer that 
has been warmed up by applying at least 20 blows to another pile, which is at least 
25 feet from the restrike pile, or as approved by the Engineer.  The restrike piles will 
be accepted if they exhibit an actual Rndr greater than the required Rndr.  Pile restrike 
required for production piles will be paid for as extra work. 

 
After any restriking, recommence test pile driving, providing piling, splices, and any 
restrikes until the nominal pile driving resistance measured during driving reaches 
practical refusal or until the Engineer stops the driving due to having sufficient data.  
A record of driving of the test pile will be prepared by the Engineer (or Testing Firm 
when dynamic testing is specified), including, but not limited to, the number of 
hammer blows per foot for the entire driven length, the as-driven length of the test 
pile, cutoff elevation, penetration in ground, and any other pertinent information. 

 
When dynamic testing is specified, the Testing Firm is responsible for instrumenting 
the test piles, overseeing the test pile driving operations, analyzing and reporting the 
required information as outlined in section c.4.C. 

 
Cut off test piles driven in production pile locations that are incorporated into the 
structure as permanent piles.  Cut off or pull test piles not driven in a production pile 
location, as directed by the Engineer. 

 
Determine the ordered pile lengths of steel H-piles and CIP concrete piles from the 
test pile results.  Furnish CIP pile shells and steel piles of sufficient lengths to obtain 
the required nominal pile driving resistance and penetration. 

 
The Engineer will evaluate test pile results and determine the ordered pile lengths for 
timber piles. 

 
Test piles are not required when the plans show a design pile length. 

 
(4) Splicing.  Do not splice timber piles.  Furnish steel piles in full length Sections 

or splice them according to the method shown on the plans or approved by the 
Engineer.  Piling may be furnished in any length and field spliced as necessary to 
provide sufficient length to obtain required nominal pile driving resistance and 
penetration.  Weld according to subsections 707.03.D.8 except for subsections a, e 
and f, and replacing references to AWS D1.5 with applicable sections of AWS D1.1.  
Employ only welders certified by agencies approved by the Department with the 
following temperature exceptions. Do not perform field welding of piling when the 

c.3.B.(3) - Test Piles c.3.B.(4) - Splicing 
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ambient temperature is below 0 degrees F. When the pile metal temperature is 
below 32 degrees F, preheat the pile metal in the area of the weld to a minimum 
temperature of 70 degrees F and maintain at the temperature during the weld.  Use 
only E7015, E7016 or E7018 electrodes provided these are stored and used 
according to AWS requirements.  Gas metal arc welding (GMAW) or other gas 
shielded processes are prohibited. 

 
(5) Accuracy.  Drive piles for foundation work with a variation of not more than 

1/4 inch per foot from the vertical or from the batter line shown on the plans.  After 
driving, the position of each pile at cutoff elevation must be within 6 inches of the 
position shown on the plans.  However, the distance between the edge of all piles 
and the outline of the superimposed concrete should be not less than 9 inches.  
Drive pile bents so that the piles can be adjusted to the positions and elevations 
shown on the plans without damaging or overstressing the piles.  Pulling laterally on 
piles to correct misalignment, or splicing a properly aligned section on a misaligned 
section is not permitted. 

 
Drive timber piles so they can be adjusted to the true position shown on the plans at 
the elevation of cap or wale without damaging or overstressing the piles.  Draw and 
hold piles to be capped in proper position before cutoff.  When the pile cutoff 
diameter is greater than the width of the cap, trim the pile to eliminate all horizontal 
projections outside the cap.  Do not drive timber piles to the exact grade but cut them 
off below the tapered head so that the bearing will be on the unfractured, full cross 
section of the pile. 

 
Any increase in pile cap dimensions or reinforcing caused by out-of-position piles will 
be at the Contractor's expense. 

 
(6) Redriving of Heaved Piles.  Level readings to measure pile heave after driving 
will be made by the Engineer at the start of pile driving operations and will continue 
until the Engineer determines that such checking is no longer required.  If piles are 
heaved up during driving of adjacent piles, redrive them to the required bearing 
capacity or penetration.  Adjust upheaval or settlement of material between the piles 
to the correct elevation before placing concrete for the foundation. 

 
If pile heave is detected for CIP concrete pile shells which have been filled with 
concrete, redrive the piles to original position after the concrete has obtained 
sufficient strength using a proper pile cushion system, satisfactory to the Engineer. 

 
Redriving of heaved piles will be paid for as extra work. 

 
4. Determination of Nominal Pile Resistance. 

 
A. Static Load Test.  Perform load tests when specified by the contract.  Refer to the 

contract for load testing details. 
 

B. Dynamic Formula.  For production piles with a required Rndr, not more than 600 
kips, install using the FHWA Gates Formula (Formula 3).  Do not use the dynamic 
formula to install production piles with a specified Rndr greater than 600 kips or if dynamic 
testing is specified by the contract.  Rndr for test piles will be determined by the same 
method specified for production piles. 

c.3.B.(4) - Splicing c.4.B. - Dynamic Formula 
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100)10(log75.1 10 −= bdndr NER  Formula 3 

 
Where: 

 
Nb = Number of hammer blows per inch of pile penetration. 
Ed = Energy developed by the hammer per blow in foot-pounds. 
Rndr = Nominal pile driving resistance measured during pile driving in kips. 

 
For piles driven on a batter, the value of "Ed" will be multiplied by the hammer energy 
reduction coefficient "U" as follows: 

 
975.0*)(αSinU =  Formula 4 

 
)(1 mTan−=α  Formula 5 

 
Where: 

 
U = Hammer energy reduction coefficient, less than unity. 
α  = Angle of batter from horizontal (always less then 90 degrees for battered 

piles) 
m = Vertical component of batter (i.e. m = 3 for a 1H:3V batter, horizontal kept 

at a value of 1) 
 

The Engineer will determine the value of “Ed”.  For drop, single acting air hammers, and 
open type diesel hammers, the kinetic energy will be used by measuring ram velocity.  
When measuring ram velocity is not possible, it may be approximated by the potential 
energy calculated by multiplying the weight of hammer striking parts by the observed fall 
or stroke height.  For double acting air hammers and closed type diesel hammers, the 
energy will be calculated by using ram weight and bounce chamber pressure.  Submit 
hammer literature and correlation charts to the Engineer to aid in determining hammer 
energy of each blow.  In either case, the calculated value of “Ed” for battered piles will be 
further reduced by the hammer energy reduction coefficient “U” prior to being used in the 
formula to calculate “Rndr”. 

 
The preceding formulas (Formulas 3, 4 and 5) for piles driven with a drop hammer are 
applicable only when: 

 
(1) the hammer has an unrestricted free fall; and 

 
(2) the pile top is not broomed, crushed or splintered; and 

 
(3) there is no appreciable bounce of the hammer after striking the pile; and 

 
(4) the penetration is at a uniform or uniformly decreasing rate. 

 
When specified in the contract or when a hydraulic hammer is used, the nominal pile 
driving resistance of the piles will be determined by the results of a wave equation 
analysis performed by the Engineer.  The analysis will take into account the hammer 
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driving system, site specific subsurface data, and project pile geometry to develop 
driving criteria which will not overstress the pile and correctly indicate its nominal pile 
driving resistance. 

 
C. Dynamic Testing and Analysis.  For production and test piles as directed by the 

design plans and/or with a required Rndr greater than 600 kipsinstall instrumented piles 
monitored using dynamic testing with signal matching. 

 
Dynamic testing consists of instrumenting and monitoring piles during pile driving.  The 
dynamic testing work must be in accordance with the current version of the AASHTO 
LRFD bridge construction specification unless modified herein.  The dynamic pile testing 
must be performed on the initial driving and/or restrike of the test piles as directed by the 
Engineer.  Signal matching analysis utilizing the case method is required to determine 
Rndr and absolute refusal criteria for production piles. 

 
Engage an independent dynamic pile testing consultant (Testing Firm) and qualified 
personnel in accordance with section c.4.C.(2).  Prior to testing, the Engineer will review 
and approve the proposed independent Testing Firm’s experience and qualifications of 
assigned personnel, details of the method of testing, a list of equipment, and the method 
of analysis of test results.  Provide the Testing Firm all available details of the 
subsurface conditions, pile dimensions and properties, and pile driving systems. 

 
(1) Equipment.  The equipment must conform to the requirements of ASTM D 

4945.  All equipment necessary for the dynamic monitoring such as strain gages, 
accelerometers, cable, installation tools, etc., must be furnished by the Testing Firm. 

 
(2) Personnel.  The Testing Firm must perform dynamic pile testing and analysis 

utilizing qualified personnel.  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, must be in charge of 
dynamic testing operation and of the signal matching analysis either onsite or by 
remote connection.  The engineer in charge of dynamic testing operation and signal 
matching analysis must be a Professional Engineer, licensed in the State of 
Michigan.  All analysis and submittals must be sealed by the Professional Engineer 
in charge. 

 
(3) Pile Driving Modeling.  The Testing Firm must perform preconstruction pile 

driving modeling utilizing the GRL Wave Equation Analyses Program (GRLWEAP) 
and prepare a summary report of the results.  Submit the summary report to the 
Engineer a minimum of 14 days prior to driving the test piles for approval.  Use the 
wave equation analyses to assess the ability of all proposed pile driving systems to 
install piles to Rndr and the minimum penetration depth within allowable driving 
stresses.  Include a drivability graph in the report relating Rndr, blow count and driving 
stresses to depth.  Also include a bearing graph in the report relating Rndr with blow 
count versus capacity and stroke.  An inspector’s chart should also be included to 
assist the Engineer in determining the required driving resistance at other field 
observed hammer strokes.  Acceptability of the wave equation report and the 
adequacy of analyses will be determined by the Engineer. 
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Approval by the Engineer of the proposed pile driving system will be based upon the 
wave equation analyses indicating that the proposed system can develop the 
specified Rndr outlined in section c.2, and within allowable driving stresses outlined in 
Table 1.  The Testing Firm must provide pile driving criteria based on wave equation 
analyses and any anticipated capacity 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, 
additional wave equation analyses in accordance with this section will be required at 
no additional cost to the Department. 

 
(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, Rndr, structural 
integrity and hammer efficiency.  All field testing and measurements must be 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 to be tested, and must use a compatible measuring and 
recording system to record the data during driving.  The Engineer will approve the 
method of fixing and positioning of the equipment.  If the level of the gages reaches 1 
foot above ground surface, water surface, or a pile template, driving must be halted 
to remove the gages from the pile.  If additional driving is required, the pile must be 
spliced and the gages must be reattached to the head of the next pile segment prior 
to resuming pile driving. 

 
The Testing Firm must monitor pile stresses during driving to prevent pile damage 
and ensure pile integrity and capacity.  If the testing equipment indicates 
overstressing (defined in Table 1) or damage to the pile, the Contractor and/or 
Testing Firm must immediately discontinue driving and notify the Engineer. 

 
Propose a new pile driving system, modifications to existing system or new pile 
installation procedures if the testing equipment determines that pile stresses during 
driving exceed acceptable levels.  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 Department. 

 
(5) Dynamic Measurement and Analysis.  Commence monitoring of pile driving 

when pile driving begins and continues 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.  Record and immediately process 
the data in the field.  For each pile tested, pile driving analysis using signal matching 
software must be performed for a selected blow at the end of driving to determine the 
Rndr and relative capacity from end bearing and skin friction along the pile. 

 
If the Rndr determined at the end of initial driving is less than required, a restrike test 
must be performed on the pile.  The time interval between end of initial driving and 
beginning of restrike will be determined by the Engineer.  During restrike, the pile 
must be instrumented and monitored similar to during initial driving.  For each 
restrike test, pile driving analysis using signal matching software must be performed 
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for a selected blow from the beginning of restrike to determine the Rndr and relative 
capacities from end bearing and skin friction along the pile. 

 
The restrike test must be performed with a warmed up pile hammer, as defined in 
section c.3.B.(2), and must consist of striking the pile for a number of blows 
determined by the Testing Firm unless the dynamic testing indicates overstressing or 
damage to the pile.  If such overstressing or damage to the pile is indicated, the 
Contractor must immediately discontinue driving and notify the Engineer.  In the 
event initial restrike testing indicates a pile resistance below the nominal specified 
value, additional driving may be required as directed by the Engineer. 

 
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 considered. 

 
(6) Results.  The Testing Firm must prepare a preliminary and final report for 

each pile tested for review by the Engineer. 
 

(a) The preliminary report must include the following: 
 

(i) GRLWEAP bearing graph and inspection chart showing blow count-
versus-pile resistance and stroke-versus-blow count that will be used for 
determining the Rndr of the production piles.  The graph/chart must be 
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 graphs 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. 

 
(ii) A summary of the dynamic testing and signal matching results from 

the test piles.  In addition, the Testing Firm must supply a CD containing all 
data for the piles tested for that substructure.  Send these reports to the 
Engineer no later than 3 working days after dynamic pile tests have been 
completed at any given substructure unit. 

 
(b) A final report must be submitted within 2 weeks of completing the 

dynamic testing for the project.  The report must include the following at a 
minimum: 

 
(i) A summary of the findings from the dynamic testing and the 

associated signal matching computer program and the developed GRLWEAP 
bearing graphs.  The data must consist of blow counts, stresses in the pile, 
Rndr, hammer energies and hammer strokes for each 1-foot depth increment.  
The Testing Firm must supply a CD containing a copy of the final report and 
all associated documentation. 

 
5. Defective Piles.  Do not subject piles to excessive and undue abuse producing 

injurious splitting, splintering and brooming of the wood or excessive deformation of the 
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steel.  Manipulation of piles to force them into proper position, considered by the Engineer to 
be excessive, is not permitted.  For any pile damaged by reason of internal defects, by 
improper driving, driven out of its proper location, or driven below the cutoff elevation 
specified in the contract or determined by the Engineer, correct by one of the following 
methods approved by the Engineer for the pile in question: 

 
A. Withdraw the pile and replace by a new and, if necessary, longer pile. 

 
B. Drive a second pile adjacent to the defective or low pile. 

 
C. Splice or build up the pile as otherwise provided herein or extend a sufficient 

portion of the footing to properly embed the pile. 
 

All costs associated with the corrective actions will be borne by the Contractor. 
 

6. Placing Concrete in Cast-in-Place Concrete Piles.  Prior to the placing of concrete, 
inspect the pile to confirm the full pile length and dry bottom condition.  Provide a mirror or 
suitable light for inspection.  Do not place concrete in any pile until all pile shells within a 
radius of 20 feet have been driven, redriven (if necessary), cleaned of water or debris and 
accepted by the Engineer.  Place the concrete in the pile shells to the cutoff elevation as 
soon after driving as permissible. 

 
Place concrete according to subsection 706.03.H of the Standard Specifications for 
Construction, except the concrete may free fall more than 5 feet.  Vibrate the concrete in the 
upper one third of the pile shell during placement, without causing segregation, but not to 
exceed 25 feet. 

 
7. Protective Coating for Steel Piles and CIP Concrete Piles.  When shown in the 

contract, galvanize steel H-piles and steel shells that will be exposed to air or water in the 
finished structure according to ASTM A 123.  Do not use corrosive embankment material 
within 30 feet of piles.  Repair damages to galvanization in accordance with subsection 
716.03.E of the Standard Specifications for Construction.  All costs associated with repairs 
will be borne by the Contractor. 

 
8. Cleaning Steel Piles and Steel Pile Shells.  Where steel piles or pile shells are to be 

embedded 1 foot or more in structural concrete, exclusive of tremie concrete, clean all dirt 
and loose scale from the portion to be embedded. 

 
9. Pile Cutoff.  Cut off piles in a true plane normal to the longitudinal axis of the pile and 

within 1 inch of the elevation specified and anchored to the structure as shown in the 
contract. 

 
All cutoff lengths of piling will remain the property of the Contractor.  Dispose of cutoff 
lengths in accordance with local, state and federal regulations. 

 
The timber length of pile above the cutoff elevation must be sufficient to permit the complete 
removal of all material injured by driving. 

 
Treat field cuts in timber piles according to subsection 709.03.C.5 of the Standard 
Specifications for Construction. 
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d. Measurement and Payment.  The completed work, as described, will be measured and 
paid for at the contract unit price using the following contract items (pay items): 
 

Contract Item (Pay Item) Pay Unit 
 

Pile, Treated Timber, Furn, LRFD..............................................................................  Foot 
Pile, Treated Timber, Driven, LRFD...........................................................................  Foot 
Pile, CIP Conc, Furn and Driven, __ inch, LRFD .......................................................  Foot 
Pile, Steel, Furn and Driven, __ inch, LRFD ..............................................................  Foot 
Pile, Galv, LRFD (Structure No.) ......................................................................  Lump Sum 
Test Pile, Treated Timber, LRFD ..............................................................................  Each 
Test Pile, CIP Conc, __ inch, LRFD..........................................................................  Each 
Test Pile, Steel, __ inch, LRFD .................................................................................  Each 
Pile Point, CIP Conc, LRFD ......................................................................................  Each 
Pile Point, Steel, LRFD .............................................................................................  Each 
Prebore, Fdn Piling, LRFD .........................................................................................  Foot 
Pile Driving Equipment, Furn, LRFD (Structure No.)........................................  Lump Sum 
Test Pile, Furnishing Dynamic Analysis Equipment, LRFD.......................................  Each 
Test Pile, Dynamic Analysis, LRFD ..........................................................................  Each 

 
Pile, Treated Timber, Furn, LRFD will be paid for at the ordered pile length as determined by 
the Engineer. 
 
Pile, Treated Timber, Driven, LRFD will be measured by length of piling left in place below 
cutoff.  Cutoff of piles will not be paid for separately.  Cutoff material will remain the property of 
the Contractor. 
 
Pile, CIP Conc, Furn and Driven, __ inch, LRFD; and Pile, Steel, Furn and Driven, __ inch, 
LRFD will be measured by length of all piling left in place below cutoff.  This length will include 
the length of pile that was embedded in the ground, and then removed, in attempting to bypass 
an impenetrable obstruction.  Cast-in-place concrete piles and steel piles will not include the 
length of the pile point extending beyond the pile.  Piling may be furnished in any desired length 
and field spliced as necessary to provide sufficient length to obtain required bearing or 
penetration. 
 
Pile, Galv, LRFD will include only the cost associated with galvanizing the required length of 
pile as detailed on the plans.  The cost of furnishing the ungalvanized pile shells or steel piles, 
and the cost of driving the galvanized pile length will be included in the pay item Pile, CIP Conc, 
Furn and Driven, LRFD or Pile, Steel, Furn and Driven, LRFD. 
 
Furnishing and removing equipment for driving piles will be included in the pay item Pile 
Driving Equipment, Furn, LRFD.  Equipment operating costs for driving piles will be included 
in the bid item for length of pile driven.  Pile Driving Equipment, Furn, LRFD will be measured 
as a unit for each structure. 
 
The length of Prebore, Fdn Piling, LRFD will be measured from the bottom of the foundation to 
the prebore elevation shown on the plans.  This item includes boring of pile holes, disposal of 
excavated material, backfill of any void space, installation and removal of temporary casings, 
furnishing and disposal of drilling slurry, restriking of completed piles within a radius of 25 feet 
and operating costs for equipment.  When Prebore, Fdn Piling, LRFD is a bid item on the 
plans, furnishing equipment for prebore will be included in the bid item Pile Driving Equipment, 
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Furn, LRFD.  Preboring not shown on the plans, but authorized by the Engineer in writing, will 
be paid for as extra work. 
 
Splices will be included in payment for the pile furnished and driven. 
 
Pile Points, CIP Conc, LRFD and Pile Points, Steel, LRFD will not be paid for separately 
unless they are a contract item.  If no pay item exists in the contract payment for such work is 
included in the contract unit prices bid for other contract items. 
 
The contract unit price for Test Pile, Treated Timber, LRFD; Test Pile, CIP Conc, __ inch, 
LRFD or Test Pile, Steel, __ inch, LRFD will be in addition to the contract unit price(s) for piles 
furnished and driven.  Payment for initial restrike is included in pay item Test Pile, Treated 
Timber, LRFD; Test Pile, CIP Conc, __ inch, LRFD or Test Pile, Steel, __ inch, LRFD. 
Subsequent restrikes, if necessary, will be paid for as extra work. 
 
Test Pile, Furnishing Dynamic Analysis Equipment, LRFD 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. 
 
Test Pile, Dynamic Analysis, LRFD will be measured and paid for each pile designated in the 
plans or by the Engineer as a test pile when dynamic testing is specified.  Payment for Test 
Pile, Dynamic Analysis, LRFD includes all materials, tools, labor, engineering analysis and 
documentation necessary to determine the test pile bearing capacity and driving stress 
according to this specification.  The contract unit price for Test Pile, Dynamic Analysis, LRFD 
will be in addition to the contract unit price(s) for piles furnished and driven. 
 
Payment for initial restrike is included in pay item Test Pile, Dynamic Analysis, LRFD. 
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 Analysis. 
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