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Section 31 62 18
2019-06-05
Driven Steel Piles


Use this Section to specify requirements for driven steel piles.
NOTE: 

As an Owner, The Alberta Government has concerns about the use of Driven Steel Piles as they have the potential to cause ground vibrations that may be perceived by residents around the project site to be damaging to their property. Please discuss this risk with the Architect and the Alberta Infrastructure Project Manager and suggest measures to mitigate the risk. One possibility is to perform a condition survey of surrounding buildings before and after pile driving operations to note any distress and for records purpose should there be any legal claims related to damage to private property. Consider including provisions for this survey in the specification.
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1.
General

1.1 related work specified in other sections
spec note: Add sections to suit project

.1
Submittal Procedures
Section 01 33 00
[.2

Section              ]

1.2
reference Documents
SPEC NOTE: Latest versions of the following standards to be used

.1
American Society for Testing and Materials (ASTM):

	.1
	ASTM A36/A36M-14
	Standard Specification for Carbon Structural Steel.

	.2
	ASTM D1143 / D1143M-07 (2013)
	Standard Test Methods for Deep Foundations Under Static Axial Compressive Load.

	.3
	ASTM D3689 / D3689M-07 (2013) e1
	Standard Test Methods for Deep Foundations Under Static Axial Tensile Load.

	.4
	ASTM D4945-12
	Standard Test Method for High-Strain Dynamic Testing of Deep Foundations.


.2
Canadian Standards Association (CSA):

	.1
	CSA W47.1-09 (R2014)
	Certification of Companies for Fusion Welding of Steel.

	.2
	CSA W48-14
	Filler Metals and Allied Materials for Metal Arc Welding.

	.3
	CSA W59-13
	Welded Steel Construction (Metal Arc Welding).

	.4
	CSA W178.1-14
	Certification of Welding Inspection Organizations.

	.5
	CSA G40.20-13 / G40.21-13
	General Requirements for Rolled or Welded Structural Quality Steel / Structural Quality Steel.

	
	
	


.3
International Organizations for Standardization (ISO):

	.1
	ISO/IEC 17025:2005
	General Requirements for the Competence of Testing and Calibration Laboratories.


.4
The Society for Protective Coatings

	.1
	SSPC-SP COM
	Surface Preparation Commentary, March 6, 2015, ed. rev. March 15, 2017.


1.3
geotechnical report

.1
Refer to the geotechnical investigation conducted by [Consultant’s Name], entitled “[Report Name]”, dated [Date].

.2
Ensure that the requirements of the geotechnical report and associated supplements are read and understood prior to commencing the work.

1.4
submittals
.1
Shop Drawings: 
.1
Submit shop drawings in accordance with Section 01 33 00 – Submittal Procedures.
.2
Indicate: pile shoes, splice detail for each pile type, pile cap, tip reinforcement.
.3
Each drawing submitted shall bear the signature and stamp of a qualified professional engineer registered or licensed in the Province of Alberta.

.2
Mill Test Reports: Furnish mill test reports indicating yield and chemical analysis of steel piles if requested by Consultant.

.1
Where mill test reports originate from a mill outside of Canada or the United States of America, the Contractor shall have mill test reports verified by a certified laboratory in Canada by testing the material to the specified material standards, including boron content. The testing laboratory shall be certified to ISO/IEC 17025 by an organization accredited by the Standards Council of Canada for the tests required. Samples for testing shall be collected by personnel employed by the certified laboratory. A verification letter shall be provided by the certified laboratory that includes at a minimum, the applicable mill test reports, testing standards, date of verification testing, and declaration of material compliance with Contract requirements. The verification letter shall be signed by an authorized officer of the certified laboratory.
.3
Pile Driving Plan: A pile driving plan shall be submitted by the Contractor to the Consultant for review and acceptance a minimum of two (2) weeks prior to the commencement of pile installation. At a minimum, the following information shall be contained in the pile driving plan:

.1
Specifications, setup and configuration of pile driving equipment including:


.1
Hammer Data: Hammer type, manufacturer, model number, serial number, maximum rated energy and range in operating energy, stroke at maximum rated energy and range of operating stroke, ram weight, modifications;


.2
Details of onboard equipment capable of energy monitoring;


.3
Striker Plate Data: Weight, diameter, thickness, composition;

.4
Hammer Cushion Data: Manufacturers, area, thickness per plate, number of plates, total thickness, and composition;


.5
Helmet Data: Weight, composition; and


.6
Pile Cushion Data: Material, area, thickness per sheet, number of sheets, total thickness of cushion;

.2
Driving methods, procedure and driving sequence;

.3
Details and drawings of driving frame;
.4
Pile driving tolls and accessories;

.5
Pile lengths, splicing details, and anticipated splicing locations;

.6
List of welders and proof of certification;

.7
Weld procedures;

.8
Cold weather protection methods;

.9
When specified in the Contract, PDA testing procedures and contact information, and qualifications of independent testing agency.

If during the course of the Work, the required pile set criteria and tip elevations are not achieved, or the Work is not being completed in accordance with Contract requirements, the Contractor shall revise his pile driving plan and resubmit it to the Consultant for review and acceptance before any further pile driving occurs.

The Consultant’s review and acceptance of the Contractor’s pile driving plan will not relieve the Contractor of their full responsibility for the methods and procedures required to achieve the pile capacity and tip elevations specified in the Contract.

1.5
delivery, storage, and handling

.1
Piling shall be handled, hauled and stored in a manner that avoids damage to piling materials. Loading and unloading shall be by crane, loader or other appropriate hoisting equipment.

2.
Products

2.1
Materials

.1
Steel H piles: to CSA G40.20/G40.21 [to ASTM A36], Grade [350W]. Size and weight as indicated.

.1
The boron content of steel piling shall not exceed 0.0008%.

.2
The silicon content shall be either less than 0.04% or 0.15 to 0.25% inclusive when steel is to be galvanized.
.2
Welding materials: to CSA W48.

.3
Steel plates: to CSA G40.20/G40.21, Grade [350].

.4
Pile driving shoes: to CSA G40.20/G40.21, Grade [350].

.5
If required, Hot Dipped Galvanizing shall be completed by a qualified supplier complying with CAN/CSA G164.

3.
Execution

3.1
equipment

.1
Prior to installation, submit to Consultant for review, details of equipment for installation of piles.

.1
Impact hammers: provide manufacturer’s name, type, rated energy per blow at normal working rate, mass of striking parts of hammer, mass of driving cap and type and elastic properties of hammer and pile cushions.

.2
Non-impact methods of installation such as augering, jacking, vibratory hammers or other means: provide full details of characteristics necessary to evaluate performance.
.2
Hammer: 
.1
Diesel or hydraulic hammers shall be used for the driving of piling. When hydraulic hammers are proposed, the Contractor shall ensure that they are configured such that the stroke of the ram is visible and measureable during driving operations to the full satisfaction of the Consultant.

.2
Hammers to be selected on basis of driveability analysis using wave equation theory, performed to show that piles can be driven to levels indicated.

.3
Submit piling equipment and hammer details for driveability analysis by testing agency appointed by Consultant for approval.

.4
When required criteria cannot be achieved with the proposed hammer, use larger hammer and take other measures as required.

.5
Multi-component drop hammers and gravity hammers will not be permitted under any circumstance.

.3
Leads:



.1
Construct pile driver leads to provide free movement of hammer. Hold leads in position at top and bottom, with guys, stiff braces, or other means reviewed by Consultant, to ensure support to pile while being driven. Inclined leads to be used for battered piles.



.2
Length: expect for piles driven through water, provide sufficient length of leads to ensure that use of follower is unnecessary.



.3
Swing leads: Obtain approval from Consultant prior to using swing leads. Firmly guy top and bottom to hold pile in position during driving operation. Method to be reviewed by Consultant.


.4
Followers:



.1
Obtain approval from Consultant prior to using followers. Provide followers of such size, shape, length and mass to permit driving pile in desired location to required depth and resistance. Provide followers with socket or hood carefully fitted to top of pile to minimize loss of energy and prevent damage to piles.



.2
Drive applicable load test piles using similar follower.
3.2
preparation

.1
Ensure that ground conditions at pile locations are adequate to support pile driving operation and load testing operation. Make provision for access and support of piling equipment during performance of Work.

.2
Do not drive piles until excavation has been completed.

.3
Do not drive piles within embankments until embankment has been placed and compacted to at least bottom elevation of pile cap.

.4
Pre-boring of holes may be acceptable to facilitate pile alignment control.


.1
Obtain approval from Consultant prior to using Pre-boring.
3.3
pile capacity


.1
Pile capacity for diesel and hydraulic hammers shall be determined by a Third Party Geotechnical Engineer retained and paid for by the Contractor through the following bearing formula:


P = (165xExF) / S+5


Where:



P = Pile service limit state (SLS) extreme load as defined on the Drawings (kN)


E = Rated energy output of hammer (kJ) at corresponding number of blows per minute based on published hammer data sheet


F = Efficiency factor


S = Pile driving set criteria = the average penetration per blow for the last 10 to 20 blows (mm per blow)


The Third Party Geotechnical Engineer to determine the efficiency factor of the hammer at site by comparing the actual recorded blows per minute to date provided by the manufacturer of the hammer.


The above formula is applicable only when:


.1
The head of the pile is not broomed, crushed or deformed.


.2
The penetration is reasonably quick and uniform.


.3
A driving extension is not used.
3.4

field measurement

.1
The Province will retain and pay for a Third Party Geotechnical Engineer to maintain accurate records of driving for each pile, including:


.1
Type and make of hammer, stroke or related energy.


.2
Other driving equipment including water jet, driving cap, and cushion.
.3
Pile size and length, location of pile in pile group, location or designation of pile group.
.4
Sequence of driving piles in group.
.5
Number of blows per metre up to last 3 meters of design length, number of blows per 250 mm for the last 3 meters of deep, set (mm) for last 30 blows where less than 250 mm.
.6
Final tip and cut-off elevations.
.7
Other pertinent information such as interruption of continuous driving and pile damage.
.8
Record elevation taken on adjacent piles before, during, and after driving of each pile.
.9
All measurements, observations and calculation associated with pile driving analyzer and wave equation analysis.

.2
Provide Consultant with three copies of records.

3.5
driving

.1
Use driving caps and cushions to protect piles. Reinforce pile heads as required by Consultant. Piles with damaged heads as determined by Consultant will be rejected.

.2
Hold piles securely and accurately in position while driving.

.3
For monitoring pile installation, the Contractor shall apply permanent markings on each pile at 0.25 m intervals with a label at each 1.0 m interval starting from the toe of the pile.

.4
Deliver hammer blows along axis of pile.

.5
Do not drive piles within 100 m of masonry or concrete which has been in placed less than 28 days.

.6
Ensure no contact between pile and structure takes place when driving batter piles adjacent to existing structures.

.7
Restrike already driven piles lifted during driving of adjacent piles to confirm and assure set.

.8
Remove loose and displaced material from around piles after completion of driving, and leave clean, solid surfaces to receive foundation concrete.

.9
Use of water jet:


.1
If permitted, provide details for Consultant’s approval.


.2
Restriction: when conditions are unacceptable, as determined by Consultant, stop 



using water jet.

.10
Cut off piles neatly and squarely at elevations as indicated to tolerance of plus or minus 5 mm. Provide sufficient length above cut-off elevation so that part damaged during driving is cut off. Do not cut tendons or other reinforcement which will be used to tie pile caps to pile.

.11
Remove cut-off lengths from site on completion of work.

3.6
driving tolerances

.1
Pile heads to be within [40] [50] [75] mm of locations as indicated.

.2
Piles not to be more than [2%] of length out of vertical alignment.

.3
At the completion of driving each pile, a control elevation shall be established on the pile by the Contractor to determine if heave has occurred after all piles have been driven. Piles that heave shall be re-driven to the depth and capacity required by the Contract or as determined by the Consultant.

.4
If tolerances are not met, the Contractor shall make immediate changes to their piling procedures. Any pile out of the specified tolerance shall be corrected at the Contractor’s expense to the full satisfaction of the Consultant.

3.7
obstructions

.1
Where obstruction is encountered that causes sudden unexpected change in penetration resistance or deviation from specified tolerances, proceed as directed by Consultant.

3.8
repair/restoration

.1
Piles damaged by driving, or driven out of specified tolerance, orientation, or driven below the cut-off elevations, shall be repaired by the Contractor at their expense. The Contractor shall submit a repair procedure to the Consultant for review and acceptance before any further piling is installed. 

.2
The Contractor’s repair procedures, as a minimum, shall include one of the following:


.1
Remove rejected pile and replace with a new, and if necessary, longer pile.


.2
Remove rejected pile and fill hole as directed by Consultant.


.3
Leave rejected pile in place and cut off as directed by Consultant.

.4
Leave rejected pile in place, place adjacent pile and modify pile cap as directed by Consultant.
3.9
protection
.1
Protect adjacent structure, services and work of other sections from hazards due to pile driving operations.

.2
Arrange sequencing of pile driving operations and methods to avoid damages to adjacent existing structures. When damages occur, remedy damaged items to restore to original or better condition at own expense.
3.10
splicing

.1
Weld to CSA W59.
.2
Welding certification of companies: to CSA W47.1.

.3
Do not splice piles without written approval of Consultant. Design details of splice to bear dated signature and stamp of professional engineer registered or licensed in the Province of Alberta.

.4
Contractor to locate steel piling splices such that the final location of the splice is 1 m below ground level or at an elevation acceptable to the Consultant.

.5
The Contractor shall perform ultrasonic testing for a minimum of 20% of all full penetration compression splice welds for all piles. Ultrasonic testing shall also be completed for welds in which visual inspection indicates the presence of a potential defect. Ultrasonic testing shall be done by a company certified to CSA W178.1 and by technicians certified to Level II of Canadian General Standard Board. A copy of the test results shall be provided to the Consultant for review within three days of testing. All costs of weld testing shall be included in the price bid for the Work and no separate or additional payment will be made.

 3.11
high strain dynamic testing – pile driving analysis (PDA testing)

spec note: Adjust to suit project requirements.

.1
PDA Testing shall be completed by an independent testing agency that has specialized in this type of Work for a minimum of five (5) years. The independent testing agency shall be engaged by the Contractor and supply and install all testing equipment and analyze the test results in accordance with this specification. The Contractor shall be responsible to coordinate and manage all associated PDA testing activities.
.2
The Contractor shall provide the Consultant a minimum of two (2) weeks advance notice of any scheduled PDA testing.
.3
PDA testing shall be completed in accordance with ASTM D4945.

.4
The impact device used for PDA testing shall be acceptable to the Consultant and capable of mobilizing the ultimate pile capacity in a single blow without additional data interpretation.

.5
The greater of [2] piles or [15%] of the total production piles shall be PDA tested. The remaining piles will have their capacities evaluated based on the field adjusted WEAP analysis produced from the PDA testing process.

.6
Testing shall occur during complete installation of driven piles and upon re-strike. The required pile set-up time until re-strike occurs is [].

.7
The Contractor shall include any costs associated with re-striking in the unit price bid and shall have no claim against the Province resulting from any delays caused by these requirements.

.8
If re-striking test results do not meet the specified requirements, the Contractor shall continue pile driving until results acceptable to the Consultant are achieved.

.9
Additional PDA testing may be required when driven piles exhibit lower capacity and/or shorter penetrations than specified, or piling equipment or procedures change. The Consultant will determine the scope and number of additional PDA tests to be completed and this additional testing will be paid for at the unit price bid.

.10
If the Contractor demobilizes from the site before the Consultant’s acceptance is received, all remobilization and associated costs will be at the Contractor’s expense.
.11
The independent testing agency shall provide a daily field log to the Consultant within 24 hours of testing, summarizing preliminary test results including driving stresses, transferred energy and estimated pile capacity. The summary letter report(s) shall be prepared in accordance with the requirements of ASTM D4945 and these specifications. As a minimum, the summary letter report shall include the following:

.1
Pile and driving system information;


.2
Pile installation data;


.3
PDA testing equipment and procedure;


.4
Energy imparted;


.5
Maximum driving stresses;


.6
Hammer blow rate;


.7
Signal matching input parameters including quake and damping factors; and


.8
Shaft friction, end bearing and total pile capacity.

.12
The summary letter report(s) shall be signed and sealed by a Professional Engineer employed by the independent testing agency. The summary letter report(s) shall be submitted to the Consultant within three (3) days of PDA testing completion. The Consultant will provide the Contractor written acceptance, rejection, or a list of items requiring review and resubmission of the summary letter report within three (3) business days of its receipt.
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