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[bookmark: _Toc190439194]Scope
[bookmark: _Toc514678946][bookmark: _Toc886733][bookmark: _Toc886732]Austroads Technical Specification ATS 5230 sets out the requirements for the supply and installation of the following types of driven piles:
a) prestressed concrete piles; 
b) reinforced concrete piles (unless the Contract documents prohibit the use of reinforced concrete piles);
steel piles, including:
universal columns and beams;
tubular piles; and
tubular piles with a reinforced concrete shaft (i.e., permanent driven cast in place pile); 
composite piles, comprising of a precast prestressed concrete upper segment spliced onto an H-section steel lower segment.
ATS 5230 applies to driven displacement piles where the geotechnical strength is primarily determined by the analysis of the driving behaviour. It does not cover the:
1. design of the driven piles; or
installation of displacement piles by screwing or jacking.
Unless specified otherwise in the Contract documents, the piles must be installed and tested in accordance with AS 2159, as amended by this Specification.
[bookmark: _Toc190439195]Referenced Documents
The following documents are referenced in this Specification:
	Australian / New Zealand Standards
AS 1579 	Arc-welded steel pipes and fittings for water and wastewater
AS 2159	Piling – Design and Installation
AS/NZS 1554.1	Structural steel welding - Welding of steel structures
AS 2436	Guide to Noise and Vibration Control on Construction, Demolition and Maintenance Sites
AS/NZS 3678	Structural Steel - Hot Rolled Plates, Floorplates and Slabs
AS/NZS 3679.1	Structural Steel Hot-rolled Bars and Sections
AS/NZS 3679.2	Structural Steel Welded I Sections
AS 5100.3	Bridge Design – Foundations and Soil Supporting Structures.
AS 5100.5	Bridge Design – Concrete
AS/NZS 5100.6	Bridge Design - Steel and composite construction
NZS 6803	Construction Noise

	Austroads
ATS 1140 	Environmental Management Systems 
ATS 1160 	Safety Management Systems
ATS 2245 	Supply of Controlled Low Strength Material
ATS 5240	Cast in Place Piles 
ATS 5280	High Strain Dynamic Pile Testing 
ATS 5310	Supply and Placement of Reinforcing Steel
ATS 5315	Supply of Concrete
ATS 5325	Precast Concrete Members
ATS 5326	Supply of Pretensioned Concrete Members
ATS 5410 	Structural Steelwork – Fabrication and Erection
ATS 5850 	Transportation and Erection of Structural Members

	International / European Standards
DIN 4150-3	Structural Vibration – Effects of Vibration on Structures


[bookmark: _Toc64027150][bookmark: _Toc190439196]Definitions
[bookmark: 1.3.1_Definitions_–_Personnel][bookmark: 1.4_Work_Health_&_Safety_(WHS)][bookmark: 1.6.3_Principal_Supplied_Components][bookmark: 4_Design,_Specification,_Documentation_a]In addition to the definitions and notation set out in AS 2159, the following definitions and abbreviations apply to this Specification:
	Designer:
	The Professional Engineer or consultant who is responsible for the design of the piles.

	EMX:
	Energy transferred to the pile.

	Flying Leader:
	A leader (i.e. the support structure for guiding the pile hammer) which is held in position by only the pile, guy cables and / or a crane. (cf: an ordinary leader, where the leader is attached to the pile driving equipment).

	Follower:
	A rigid section, typically of steel used to temporally extend a pile to facilitate driving to, or below, ground level.

	Geotechnical Engineer:
	A Professional Engineer (or person with other qualifications acceptable to the Principal) with at least 5 years of experience which is relevant to the assessment of pile installation.

	Hammer Monitoring:
	A system to measure hammer kinetic energy (KE) by instrumentation of the piling hammer.  Hammer monitoring systems may also measure pile penetration.

	HSDPT:
	High strain dynamic pile testing carried out in accordance with Clause 11.

	KE:
	Hammer kinetic energy.

	Nominal Refusal:
	Unless an alternative penetration is specified by the Designer or in the Contract documents, a penetration of not more than 20 mm from 10 consecutive blows when the pile is driven in accordance with this Specification.


	[bookmark: _Hlk172296802]Pile Design Documentation:
	The drawings, procedures, instructions, schedules or similar documentation prepared by the Designer which specify the requirements for installation of the piles.

	Pile Monitoring:
	Measurement of the temporary compression of the pile and the permanent set using an electronic monitoring device. Pile monitoring systems may also measure pile velocity.  

	Piling Supervisor:
	The Contractor’s employee who is responsible for the supervision and control of the piling operations.

	[bookmark: _Hlk37244775]Principal’s Registration Scheme:
	Any scheme for the prequalification, registration or approval of products, manufacturers, suppliers and/or Professional Engineers which is in operation in the jurisdiction where the piles are to be installed.

	Professional Engineer:
	A person who:
a) has at least 5 years of experience in or structural engineering or geotechnical engineering (as appropriate); 
b) is registered on any scheme of registration of engineers prescribed by legislation in the applicable jurisdiction;
c) is appropriately registered or prequalified, if the Principal has implemented an applicable registration or prequalification scheme; and
d) satisfies at least one of the following requirements: 
1. is a Chartered Professional Engineer; or
i) holds a 4 year civil engineering degree from a university that is accredited under the Washington Accord and is registered in a relevant area of practice on the National Engineering Register (in Australia) or the Register of Chartered Professional Engineers (in New Zealand).

	VMX:
	Maximum pile velocity.


[bookmark: _Toc514678947][bookmark: _Toc886734][bookmark: _Toc190439197]Quality System Requirements
[bookmark: _Ref83019765][bookmark: _Ref9599800]The Contractor must prepare and implement a Quality Plan that includes the documentation in Table 4.1.
Table 4.1:	Quality Plan
	Clause
	Description of Document

	5.1
	Qualifications and experience of Geotechnical Engineer (unless the Contractor is not required to engage the Geotechnical Engineer).

	6.1
	Qualifications, minimum training and experience of key personnel piling crew.

	7.1
	Methodology for verifying that the piles comply with Clause 7, including verifying compliance with ATS 5325, ATS 5326, ATS 5410 and / or ATS 5315 (as applicable).

	8.1
	Details of the piling equipment and evidence of its capacity to undertake the work.

	9.1
	If not addressed in the Safety Plan, site preparation details and certification from a Professional Engineer.

	10.2
	Details / procedures for pile construction.

	10.16
	Vibration Mitigation and Monitoring Plan (if applicable).

	10.17
	Noise Mitigation and Monitoring Plan (if applicable).

	11.1
	Details and procedures for pile testing.

	12.1
	Procedures for monitoring and acceptance of the piles.

	13.1 or 14.1
	[bookmark: _Hlk33185562]Details of the process to extend a pile (where applicable).



	[bookmark: _Hlk9589851]HOLD POINT 1.

	Process Held
	Commencement of piling.

	Submission Details
	[bookmark: _Hlk3530642]The Quality Plan must be provided to the Principal at least 10 working days prior to the commencement of pile installation.


[bookmark: _Toc29489164][bookmark: _Ref55460709][bookmark: _Ref55470685][bookmark: _Toc190439198][bookmark: _Toc1138829][bookmark: _Toc9850016][bookmark: _Hlk9434043]Geotechnical Engineer 
[bookmark: _Ref83019112][bookmark: _Ref15996048][bookmark: _Ref55459413]Unless stated otherwise in the Contract documents, the Contractor must engage a Geotechnical Engineer and ensure that the Geotechnical Engineer complies with this Specification. The Quality Plan must include details of the qualifications and experience of the Geotechnical Engineer.
The Geotechnical Engineer must:
1. act independently of the Principal, Contractor and any of their sub-contractors, consultants and agents; 
act with the degree of professional, knowledge, skill, expertise, experience and care which would be reasonably expected of an expert professional providing geotechnical engineering services; and
provide copies of all reports and records prepared in connection with this Specification to both the Contractor and Principal.
The Principal and Contractor must not interfere with or attempt to improperly influence the Geotechnical Engineer in the performance of any of its functions pursuant to this Specification. 
[bookmark: 5_Product_Certification][bookmark: _Toc190439199][bookmark: _Ref55470766][bookmark: _Ref15469889][bookmark: _Hlk9598492]Contractor’s Personnel 
[bookmark: _bookmark7][bookmark: _Ref83019120]The Quality Plan must include details of the qualifications and experience of the Piling Supervisor and other key personnel.
The Piling Supervisor must:
1. have at least 5 years of experience in the installation of driven piles;
1. be on site at all times when pile installation is in progress; and
have the authority to ensure that piling operations are undertaken safely and in accordance with this Specification, including the authority to immediately stop drilling operations if necessary.
[bookmark: _Ref83029791][bookmark: _Toc190439200]Materials
[bookmark: _Toc190439201][bookmark: _Toc83202615]General
[bookmark: _Ref172813802]The Quality Plan must include details, procedures and / or Inspection and Test Plans which address:
1. verifying compliance with this Clause 7;
for concrete piles, verifying that the piles comply with ATS 5325 and / or ATS 5326 and inspecting the piles prior to installation to verify that the piles comply with Clause 7.4;
for steel piles, verifying that the piles comply with ATS 5410; 
for tubular steel pile filled with concrete, verifying that the steel reinforcing complies with ATS 5310 and the cast in place concrete complies with ATS 5315; and
for a mechanical splice (if permitted), details of the splice and the certification required under Clause 7.16.
[bookmark: _Toc190439202]Concrete Piles
[bookmark: _Ref146540063]Concrete Piles must be manufactured and marked in accordance with ATS 5325 and ATS 5326 (as applicable). For square piles, all corners must have a 25 mm chamfer.
Provided that the specified concrete strength has been achieved, the period between casting a pile and driving the pile must not be less than:
Prestressed pile with accelerated curing:		7 days
Moist cured prestressed pile or reinforced pile: 	14 days.
[bookmark: _Ref146540043]If, before driving, a concrete pile exhibits a permanent crack exceeding the lesser of 0.3 mm or 0.01 times the concrete cover or any other damage, the pile is deemed to be non-conforming.
[bookmark: _Toc190439203]Steel Piles
[bookmark: _Ref146539757][bookmark: _Ref83023797]Steel piles must be fabricated in accordance with ATS 5410.
The Contractor must ensure that for the pile section is sufficiently robust to enable the pile to be installed without buckling or other damage during driving. 
Unless specified otherwise in the Contract documents, the steel piles must be supplied in accordance with the requirements in Table 7.7.
[bookmark: _Ref190438608]Table 7.7:	Steel piles
	[bookmark: _Hlk82155804]Pile type
	Minimum requirement

	Universal steel columns
	Grade AS/NZS 3679.1-300;
Manufactured in accordance with AS 3679.1

	Welded steel columns
	Grade AS/NZS 3679.2-300; 
Manufactured in accordance with AS/NZS 3679.2

	Tubular Steel Piles
	Grade 250 (or higher) steel plate conforming to AS/NZS 3678 and Clause 7.8.
For tube diameters less than 1.0 m, spirally welded tubes Complying with AS 1579 may be used in lieu of fabricated steel plate tubes.


[bookmark: _Ref83029187]
[bookmark: _Ref146539152]Tubular piles fabricated from rolled steel plate must comply with the following:
1. The steel must be rolled to a circular cross-sectional shape and welded at the longitudinal joint to form segments which are then shop spliced into suitable lengths; 
1. SP category full penetration butt welds carried out using the submerged arc process in accordance with AS 1554.1 must be used; 
1. The longitudinal joints for adjoining segments must be staggered by 90° to each other.
1. The finished surface of longitudinal welds must not protrude or exceed 1 mm above the outside surface of the steel tube; 
1. Shear connectors, cutting shoes and / or stiffening bands must be attached in a fabrication shop; 
1. The bow of the longitudinal axis of the pile must not exceed the lesser of 50 mm or 1% of the length of the pile; and.
1. Steel tubes must be free of any internal steps or ridges, other than the shear connectors.
Fabrication of steel sections must comply with CC2 (minimum) in accordance with ATS 5410.
All piles must be clearly and indelibly marked in accordance with the drawings. At a minimum, they must be marked at one metre intervals commencing from the toe to show penetration depths attained during driving. All piles must be identified for traceability.
Steel piles must be supplied to the Site in the longest lengths possible, commensurate with the overall length of the pile, transport facilities available, and the driving process. 
[bookmark: _Ref83024352]The Contractor must provide documentary evidence that the fabricated steel complies with this Clause 7, including the requirements in ATS 5410 (where applicable). 
	[bookmark: _Hlk33188727]HOLD POINT 2.


	Process Held
	Commencement of pile installation (fabricated steel piles)

	Submission Details
	Evidence that the fabricated steel complies with ATS 5410 must be provided at least 5 working days prior to the commencement of pile installation.


[bookmark: _Toc190439204]Cast In Place Concrete 
If a driven tubular steel pile is to be filled with reinforced concrete, the steel reinforcing must comply with ATS 5310 and the concrete must comply with ATS 5315.
[bookmark: _Toc190439205]Composite Piles
The following applies to a composite pile comprising of a precast prestressed concrete upper segment spliced onto an H-section steel lower segment:
1. the concrete pile segments must comply with Clauses 7.2 to 7.4; and
steel stubs, steel pile segments, stud shear connectors and reinforcing plates must comply with Clauses 7.5 to 7.12. 
[bookmark: _Toc190439206][bookmark: _Toc83202616]Mechanical Splice
A mechanical splice for the extension of a precast pile (if permitted) must be a type which is approved by the Principal.  For piling carried out in New South Wales, refer to TS 01621, available from the TfNSW Standards Portal standards.transport.nsw.gov.au.
[bookmark: _Ref173131974]The Contractor must submit certification from the Designer (if the Contractor is responsible for the design of the connection) or manufacturer that the connection is capable of developing the required structural capacity of the pile at the connection location and the pile durability will not be adversely affected. Supporting test results / data must also be included.
[bookmark: _Toc190439207]Transport, Handling and Storage of Piles
The transport, handling and storage of piles must be undertaken in accordance with ATS 5850.
The Contractor must ensure that the piles are not overstressed during transport, handling and storage and meet the requirements of AS 2159. 
For prestressed concrete piles, the bending stresses induced in the piles during handling and transport are determined by calculation on the basis of 50% increase in the static load to compensate for impact and dynamic effects and these added to the axial stresses due to prestress. The resulting stresses must not exceed:
0.5√f’cm in compression; and
0.25√f’cm in tension,
 where f’cm is the compressive strength of concrete at the time of handling.
[bookmark: _Ref83019791]The Contractor must advise the Principal of the anticipated date and time for the delivery of the piles to the Site.
	WITNESS POINT 1.

	Process 
	Delivery of piles to the site

	Notification Period 
	Not less than 5 working days prior to the commencement of delivery.


[bookmark: _Toc190439208][bookmark: _Ref55484616]Pile Installation Equipment 
[bookmark: _Ref83019152]The Quality Plan must include:
1. Details of the make, model, mass and relevant details of proposed equipment for handling, pitching and driving the piles, including the:
1. net rated energy and mass of the hammer; and
mass of the helmet.
For concrete piles:
1. details of the hammer cushion and pile cushion, including diameter, thickness, material, modulus and test data or literature verifying the suitability of the cushions;
1. details of pile driving rings or head bands used to prevent splitting or bursting of the top of the pile;
proposed methodology for changing pile cushions during driving (if necessary);
Unless a minimum size of pile driver is specified in the Pile Design Documentation, evidence that the proposed driving system meets all the pile driving requirements of this Specification, which may be either:
1. wave equation analysis, such as GRLWEAP or equivalent, or
results of high strain dynamic test and driving record of an identical pile type driven by the proposed driving system in similar ground conditions to achieve the same pile capacity.
The pile installation equipment must:
1. have the demonstrated capacity to drive the pile in accordance with Clause 10;
having sufficient rigidity to ensure accuracy of driving and freedom from bending of the pile under all conditions of disturbance which may occur during the driving (such as tides, stream flow, hammer action); 
accurately direct the force of the hammer blow along the longitudinal axis of the pile; 
not cause any buckling or other damage to the pile during driving; and
not induce torsional stresses into the pile by restraining it against rotation about its longitudinal axis. 
A Flying Leader must not be used for driving concrete piles. For steel piles, a Flying Leader may only be used if the Contractor has submitted a proposal for the use of a Flying Leader which has been accepted by the Principal. The Principal is under no obligation to accept the use of Flying Leaders. Any such proposal must demonstrate that the system will only transmit axial loads to the pile. The use of a Flying Leaders must be discontinued if a pile deviates from vertical or if a pile starts to show damage during driving. 
Clutch operated drop hammers must not be used.
Unless an alternative pile helmet design has been approved by the Principal, the pile helmet must:
1. be of substantial steel construction and permit the pile to rotate freely about its vertical axis;
be loose fitting on the pile head, with no more than 15 mm uniform clearance to the outermost points around the periphery of the pile; and
slide in and be guided by the leaders of the pile frame and must remain in contact over the whole area of the top of the pile under its own weight.
[bookmark: _Toc190439209]Site Preparation and Management
[bookmark: _Toc190439210][bookmark: _Ref83019174]General
[bookmark: _Ref94876643]The Work Health and Safety Management Plan (refer ATS 1160) or Quality Plan must include details, procedures and / or Safe Work Method Statements for:
1. the preparation of the Site (including the working platform) for safe working; 
control of the site to exclude or restrict access; and
if applicable, any additional requirements for Site earthworks (refer Clauses 9.7 and 9.8).
[bookmark: _Ref83019822]The Contractor must:
1. ensure that the working area for pile driving is safe and stable for the operation of large machinery and meets the requirements of ATS 5850; and 
1. submit certification from a Professional Engineer to the Principal that the site meets the requirements of the applicable Work, Health and Safety Legislation.
[bookmark: _Ref148093299]If requested by the Principal, the Contractor must submit supporting calculations, including rollover stability analysis, with the certification.
	[bookmark: _Hlk83017720]HOLD POINT 3.

	Process Held
	Establishment of the piling rig.

	Submission Details
	Certification from a Professional Engineer that that that the site meets the requirements of the applicable Work, Health and Safety Legislation must be submitted to the Principal at least 2 working days prior to the establishment of the piling rig on site.


[bookmark: _Hlk89337390][bookmark: _Toc190439211]Site Control Zones
[bookmark: _Ref141865283][bookmark: _Hlk141865296]Further to the Contractor’s obligations under the applicable Work Health and Safety legislation, the Contractor must undertake a risk assessment to determine control zones to exclude or restrict access in accordance with Table 9.4:
Table 9.4: Site access restrictions 
	Zone
	Description
	Restrictions to Access

	Exclusion Zone (EZ)
	The high risk zone in the immediate vicinity of the piling augur/hammer.
	No person can enter the EZ while the piling rig is operating.

	Rig Operating Zone (ROZ)
	The zone around the foundation rig and ancillary equipment.
	Restricted to the foundation operators and workers and other approved workers.

	Foundation Work Zone (FWZ)
	The complete area required by the foundation contractor.
	Restricted to foundation operators and workers and other persons authorised under the Contract.


Each of the site control zones must be defined by temporary fencing or barricading as described in the Safe Work Method Statements (refer ATS 1160). Physical barriers must be in place to prevent accidental entry into any open pile hole.
Any road within the vicinity of the piling work must be closed to traffic for the period determined to be necessary by the risk assessment. The procedure for closing the road must be included in the Traffic Management Plan.
[bookmark: _Toc190439212]Site Earthworks
[bookmark: _Ref172635200][bookmark: _Ref172296897][bookmark: _Ref172296910]The Contractor must prepare the Site in accordance with any requirements included in the Pile Design Documentation, such as implementing measures to ameliorate negative skin friction if the piles will penetrate through a newly constructed embankment.
[bookmark: _Ref172550851]Where the Site consists of landfill containing refuse, the Contractor must implement any measures necessary to ensure that the piles are accurately installed in accordance with the tolerances of this Specification.
Local excavation (if any) must be completed before driving of piles has commenced. Subject to obtaining the approval of the Designer, the Contractor may submit a proposal to the Principal to drive the piles from a surface level which is above the underside of the pile cap. The Contractor must demonstrate that the additional height will not affect the driving resistance and the pile resistance measured during driving will be representative of the final resistance. The Principal is under no obligation to accept any such proposal.
Any spoil from Site earthworks must be treated in accordance with the Contractor’s Environmental Management Plan (refer ATS 1140).
[bookmark: _Ref83020086][bookmark: _Toc190439213]Installation of Piles
[bookmark: _Toc190439214]General
The Contractor must:
1. [bookmark: _Hlk172635722]install the piles in accordance with the Pile Design Documentation; and 
1. ensure that the method of installation does not adversely affect the strength or durability of the piles.
[bookmark: _Ref83019188]The Quality Plan must include the following:
1. documentation showing the sequence of pile installation and precautions to prevent the heave of previously driven piles or damage to adjacent newly constructed Works, utility services or existing structures; 
proposed recording forms to be used during installation and testing;
details of the installation method, including (where appropriate) procedures, instructions and Inspection and Test Plans for:
1. setting out the piles;
pitching and positioning each pile;
driving the piles;
recording blow counts and energy during driving on all piles;
recording pile acceptance measurements (including pile set, temporary compression, transferred energy (EMX from HSDPT or estimates from hammer and / or pile monitoring) at the end of driving for all piles according to the agreed acceptance method;
checking for any movement of existing adjacent piles during driving and action to be taken in the event of heave occurring (refer Clause 10.31);
checking the position of the piles during installation to ensure that the position (including verticality) of the piles is within the tolerance specified in Clause 16.1; 
if preboring is used to ensure the pile is stable prior to driving (refer Clause 10.18), details of the equipment, methods and preboring diameter;
management of the process to be followed in the event that the pile fails to achieve the required geotechnical capacity (including restriking, use of a follower, or pile extension); and
contingency plans for equipment failures or interruption of the installation process.
[bookmark: _Ref83019845]If the Contractor proposes to change anything specified in the Pile Design Documentation or the construction methodology in the approved Quality Plan, the Contractor must obtain the endorsement of the Geotechnical Engineer and the Designer before submitting the proposal to the Principal. Any proposal must be accompanied by calculations and / or other evidence validating the proposed change. The Principal is under no obligation to accept any such proposal.
In addition to preparing the Quality Plan, the Contractor must prepare a Driving Plan from each Test Pile (refer Clause 11), which sets out the hammer stroke limits and maximum and minimum pile set limits to control both compression and tension stresses in accordance with AS 2159. If geotechnical conditions change during the installation of the piles or there is any change to the equipment of installation process, the Driving Plan must be revised accordingly.
[bookmark: _Ref141865767]Piles must be installed by hammering. Vibration, oscillation or rotation must not be used for pile installation. However, subject to the prior approval of the Designer and the Geotechnical Engineer, vibration, oscillation or rotation may be used to commence the installation process for a depth not exceeding 2 pile diameters. The approval must be in writing and a copy must be submitted to the Principal.
Piles must be guided into the specified position and must not be bent or sprung into place during or after driving. During driving, the tops of the piles must be held and guided by a suitable helmet to avoid damage to the pile.
[bookmark: _Ref145085371][bookmark: _Ref144907947][bookmark: _Ref144905545]Prior to the commencement of the first pile in each pile group, the Contractor must submit certification to the Principal that the pile locations have been set out in accordance with the Contract documents. 
	HOLD POINT 4.

	Process Held
	Commencement of installation of the first pile in each pile group.

	Submission Details
	Certification of pile locations must be provided to the Principal at least 1 working day (not less than 24 hours) prior to the commencement of installation of the first pile in each pile group.


At a minimum, the Geotechnical Engineer must be on site for the duration of the installation of the first pile of each Pile Group and each Test Pile.
	WITNESS POINT 2.

	Process 
	[bookmark: _Hlk34294295]Installation of first pile of each group.

	Notification Period 
	Not less than 24 hours prior to the commencement of driving the first pile of each group.


INT 2.
The installation stresses must not exceed those specified in AS 2159.
Where practical, each pile must be driven in a continuous operation and not left partly driven. A pile must not be driven at a set which is equal to or less than the set corresponding to nominal refusal. If driving operations cease for any reason other than to perform a restrike test, then upon recommencement of driving, a minimum of 15 blows must be struck at the driving energy determined in accordance with Clause 12.4 before assessing whether the pile has met the required driving criteria.
Where a pile is extended, the splicing must be installed as soon as practicable after the driving of a particular section has been completed.  Driving must recommence as soon as practicable after the splice is completed.
If, at any stage during pile installation, it becomes evident to the Contractor that the actual geotechnical conditions vary materially from the assumed geotechnical conditions that the pile design was based on, the Contractor must immediately notify the Geotechnical Engineer and the Principal.
[bookmark: _Toc190439215]Noise, Vibration and Property Damage
The Contractor must ensure that the pile installation process does not result in damage to newly constructed Works or other property (such as utility services or existing structures).
[bookmark: _Ref83023818]Where newly constructed Works or other property may be damaged by the pile installation process, the Contractor must:
1. comply with any requirement specified by the Designer in regard to the prevention of damage to the Works or other property;
1. provide evidence that a suitably experienced Professional Engineer has assessed the effect of the pile installation on the Works or other property; and
1. comply with any recommendation from the Professional Engineer in regard to the prevention of damage to the Works or other property.
[bookmark: _Ref83124662]Unless approved otherwise by a Professional Engineer or Designer and agreed by the Principal, driving must not commence until the requirements of Table 10.15 have been satisfied.
Table 10.15: 	Pile driving in the vicinity of a newly concreted pile
	Clear distance between the pile driving and a newly concreted pile
	Restriction on driving

	≤ 2.5 m
	At least 18 hours has elapsed since the concrete was placed in the pile and it has attained a strength of at least 10 MPa 

	> 2.5 m and < 9 m
	At least 12 hours has elapsed since the concrete was placed in the pile 


[bookmark: _Ref83019230][bookmark: _Hlk172809094]If specified in the Contract documents, or if adjacent structures may be damaged by pile installation activities, the Contractor must identify and assess the location of nearby vibration sensitive structures and develop an appropriate Vibration Mitigation and Monitoring Plan in compliance with AS 2436 or DIN 4150-3. 
[bookmark: _Ref83019241]If specified in the Contract documents, or if adjacent residents or businesses are likely to be adversely affected by installation noise, the Contractor must identify and assess the location of nearby noise sensitive structures and/or populations and develop an appropriate Noise Mitigation and Monitoring Plan in compliance with AS 2436 or NZS 6803 (as appropriate).
[bookmark: _Toc190439216]Preboring
[bookmark: _Ref83020109]The use of preboring to “pot” the pile or to facilitate pitching is subject to the following:
1. the Designer has assessed the effect of preboring on the geotechnical strength of the pile and has approved the use of preboring;
a copy of that assessment has been provided to the Principal and the Principal has also approved the use of preboring; 
if the sides of the pre-bored hole are not self-supporting, temporary support for the hole is provided;
the diameter of the prebored hole has been determined by the Designer and is the minimum size to facilitate insertion of the piles; 
safe work measures to prevent accidental entry into the pile hole are in place; and
[bookmark: _Hlk172810040]if applicable, the spoil is treated in accordance with the Contractor’s Environmental Management Plan (refer ATS 1140).
If at any time the Contractor proposes to change the preboring diameter, the Quality Plan must be amended and resubmitted to the Principal for approval. 
The depth of preboring must not exceed the maximum depth specified by the Designer.
[bookmark: _Hlk146876629]Any resultant gap between a pile and the preboring must be completely backfilled using Controlled Low Strength Material (‘flowable fill”) in accordance with ATS 2245. The Controlled Low Strength Material must be piped to the base of the preboring hole and the gap filled from the base upwards. If the pile is not subject to high lateral loads, the Contractor may submit a proposal to Principal to use sand which is compacted by flooding to fill the gap. The Principal is under no obligation to accept any such proposal.
[bookmark: _Toc190439217][bookmark: _Ref89430443]Driving of Tubular Steel Piles
Unless specified otherwise in the Pile Design Documentation, any tubular steel piles must be driven open-ended. The following applies where the material inside a steel tube is to be removed during the driving process:
1. the excavation must not advance to below a level which is twice the pile diameter above the base of the steel tube;
1. the internal water level within the pile must be at least 1.0 m above river level or ground water level or as otherwise determined by the Geotechnical Engineer;
1. the drilling tools are lowered and extracted slowly from the pile; and
1. the drilling tools have sufficient clearance to allow water to flow freely around the inserted or extracted tool.
[bookmark: _Toc190439218]Restrike
[bookmark: _Ref83019508]If the estimated pile penetration / founding level has been reached or exceeded, but the required ultimate geotechnical axial capacity has not been achieved, the Contractor may request a restrike of the pile. 
[bookmark: _Ref148084804]To carry out a restrike test, pilling must cease for at least 24 hours, and the pile restruck using the nominated driving energy for a minimum of 15 blows. The set must then be determined over the last 10 blows.
[bookmark: _Toc190439219]Driving Below the Founding Level
[bookmark: _Ref83019484]If the full length of the pile has been driven and the pile fails to achieve required ultimate geotechnical axial capacity, the Contractor may continue driving using a follower until the required pile capacity is achieved, provided that the pile can then be extended in accordance with Clause 13 or 14 (as applicable).
The Contractor may request a restrike (refer Clause 10.23) at any stage when driving below the highest founding level or minimum penetration depth specified on the Pile Design Documentation. If the restrike is not successful, further driving must be undertaken.
[bookmark: _Ref172560485][bookmark: _Hlk172636307]If the pile has been driven using a follower and cannot be practically driven further and still has not reached the required ultimate geotechnical axial capacity, the Contractor must cease piling and immediately notify the Geotechnical Engineer and the Principal. If the Contractor is responsible for the provision of the Pile Design Documentation, Clause 12.10 will apply.
	HOLD POINT 5.

	Process Held
	Piling driving if the has not reached the required ultimate geotechnical axial capacity at the limit of the pile driving equipment

	Submission Details
	The pile driving records must be submitted to the Designer and the Principal prior to the recommencement of pile driving.


[bookmark: _Toc190439220]Follower
A follower may only be used in the circumstances outlined in Clause 10.25 and must not be used solely for the convenience of the Contractor.
A sleeve or other device must be used to ensure alignment of the follower with the pile during driving. The required set must be recalculated to include the effects of the follower.
Where circumstances warrant the use of a follower, it must be employed with the minimum of interruption to the driving sequence. Nevertheless, some tightening of the previously driven portion of the pile may occur as a result of the delay and it may be necessary to continue driving for some time with full energy input and minimal set until the pile again loosens sufficiently to continue penetrating at the same rate as before the interruption.
[bookmark: _Toc190439221]Pile Heave 
[bookmark: _Ref89678391]Piles that have already been driven in the same abutment or pier must be monitored before and after driving of piles in that abutment or pier to check for heave of those piles. If the heave of any piles that have already been driven exceeds 5 mm, then the piles must be subject to a minimum 15 blow restrike with Pile Monitoring to confirm set and capacity has still been achieved.
Unless specified otherwise, measurement of heave must be undertaken by a qualified surveyor or by a person deemed competent by a qualified surveyor using procedures developed by a qualified surveyor and appropriate equipment capable of the required accuracy. The final results / report must be certified either by the qualified surveyor or Professional Engineer and submitted to the Principal before any stripping of the pile head occurs.
[bookmark: _Toc190439222]Defective Piles 
[bookmark: _Ref83020268]If a pile:
1. has been subject to damage of any kind which is materially detrimental to the strength or durability of the pile; or
1. has been installed outside of the tolerances specified in Clause 16.1,
the pile is non-conforming and the Geotechnical Engineer and the Principal must be advised immediately. 
A damaged pile includes any pile which:
1. exhibits permanent cracks greater than the lesser of 0.3 mm or 0.01 times the concrete cover; 
1. splits during driving; or 
1. is subjected to stresses exceeding the limits in AS 2159.
The Contractor must submit a proposal to the Principal for rectification of all damaged piles, which may include redesign and/or the repair, downgrading or replacement (with one or more supplementary piles) of the pile. Piles must not be forcibly realigned or sprung into tolerance.
[bookmark: _Ref83019901]The Contractor’s proposal must include certification from the Designer (or a suitably experienced Professional Engineer, approved by the Principal, if the Contractor has not engaged the Designer) that the proposed rectification will comply with the requirements of this Specification, AS 2159, AS 5100.3, AS 5100.5 and AS/NZS 5100.6 (as applicable). Calculations and other relevant supporting documentation must be provided with the certification.
	HOLD POINT 6.

	Process Held
	Rectification of damaged pile.

	Submission Details
	The proposed rectification of the damaged pile and certification of compliance must be submitted to the Principal at least 24 hours prior to the commencement of pile rectification.


[bookmark: _Ref147393926][bookmark: _Ref144981320][bookmark: _Ref144981391][bookmark: _Toc190439223][bookmark: _Ref83019601][bookmark: _Ref146807246]Pile Testing
[bookmark: _Toc190439224]General
1.1 [bookmark: _Ref147391486]The Quality Plan must include:
1. details of the testing organization, including names, qualifications and experience of the personnel underrating the testing; 
details of the impact device, transducers and any other apparatus used for pile testing;
details of the how the transducers will be attached to the pile and their location on the pile;
details of equipment and software for recording, processing, displaying, analysing and reporting data; 
where applicable, a procedure for ensuring that equipment is calibrated and evidence that only calibration equipment will be used for the testing; method statements / procedures for carrying out testing; and
details of the record sheets proposed for monitoring results. 
1.2 The Contractor must ensure that testing to verify that the piles comply with this Specification is carried out in accordance with AS 2159 and this Clause 11.
[bookmark: _Ref172545807]Unless specified otherwise, a restrike test in accordance with Clause 10.24 must be carried out on a Test Pile after a minimum period of 24 hours. Where restriking a pile is carried out, if the pile resistance is not equal to or higher than pile resistance measured prior to restriking, a Hold Point will apply and the driving records must be submitted to the Designer and to the Principal. If the Contractor is responsible for the provision of the Pile Design Documentation, Clause 12.10 will apply.
	[bookmark: _Hlk172559241]HOLD POINT 7.

	Process Held
	Piling driving if the restrike pile resistance is less than the pile resistance measured prior to restriking.

	Submission Details
	The pile driving records must be submitted to the Designer and the Principal prior to the recommencement of pile driving.


All other piles in the same group as the Test pile must be installed using the same equipment and methodology.
Static load testing is not required unless specified in the Contract documents. 
Where the Principal has in place a scheme of registered or approved of suppliers / systems for undertaking pile testing, the testing must be carried out by a registered or approved supplier / system.
For piling carried out in New South Wales, the pile testing must be carried out by an approved organisation with approved equipment using an approved dynamic testing system, with subsequent wave equation analysis or signal matching carried out using an approved computer program. Refer to TfNSW TS 01621, available from the TfNSW Standards Portal standards.transport.nsw.gov.au.
For piling carried out in Victoria, all testing must be undertaken by a pre-qualified consultant in accordance with the Department of Transport Victoria scheme for pre-qualification. Refer: www.vic.gov.au/dtp-technical-publications.
[bookmark: _Toc147391305][bookmark: _Toc190439225]High Strain Dynamic Pile Testing
[bookmark: _Ref172807422]Unless specified otherwise in the Contract documents, at a minimum, high strain dynamic pile testing (HSDPT) must be performed on:
1. any pile designated as a Test Pile in the Pile Design Documentation; 
the first pile installed in each Pile Group; 
an additional pile in the first Pile Group to be installed (ie, a total of 2 for that Pile Group);
any pile of which the founding level varies by more than 2 metres from the Test Pile for that Pile Group; and 
immediately following any change in the pile installation equipment or method of installation. 
At least 10% of the total number of piles per Pile Group must be tested by high strain dynamic pile testing.
HSDPT must be carried out in accordance with ATS 5280.
For the HSDPT referred to in Clause 11.9:
1. within each Pile Group, at least one HSDPT must be undertaken on the full length of the pile; and
1. the other HSDPT within the same Pile Group must be carried out over at least 1.0 m of driving immediately prior to the completion of driving the pile.
[bookmark: _Ref172194702]A Test Pile is accepted if the pile meets all criteria specified in the Pile Design Documentation and the requirements of this Specification.
[bookmark: _Ref147829719]If the HSDPT is carried out on a driven steel tube which is fully or partially excavated and then backfilled with concrete, the HSDPT must be carried out after the completion of driving and excavation, but before backfilling with concrete; 
The Geotechnical Engineer’s approval of the testing in Clause a) must be obtained prior to commencement of the testing.
[bookmark: _Toc147391307][bookmark: _Toc190439226]Reporting
[bookmark: _Ref83019956]Raw data and preliminary results from all pile testing must be provided to the Principal within 24 hours of each test.
[bookmark: _Ref83019983]A full detailed test report must be provided to the Principal within 5 working days of each test. The report must include the pile installation records (refer Clause 16.6).
[bookmark: _Toc190439227]Monitoring and Acceptance of Piles
[bookmark: _Toc190439228]General
[bookmark: _Ref89696552][bookmark: _Ref83023958]The Quality Plan must include:
1. details of the methodology to determine the geotechnical strength of a pile; 
1. details and procedures for undertaking Pile Monitoring (which may be in conjunction with Hammer Monitoring) and verifying the accuracy of inferred energy transfer to the pile, set and temporary compression measurements, as appropriate.to the proposed pile acceptance method; and
1. details of the proposed pile acceptance methodology (including applicable formula) for both Test Piles and untested piles.  
[bookmark: _Ref172623120]Unless specified otherwise, the Contractor must:
1. undertake HSDPT on Test Piles in accordance with Clause 11;
select one of the driving formulae in Clause 12.3 to establish the relationship (and the accuracy of that relationship) between energy transferred to the pile (EMX) and either maximum pile velocity (VMX) or hammer kinetic energy (KE), temporary pile compression, set per blow;
based on the established relationship in Clause 12.2b), calculate the driving parameters that correspond to the required geotechnical strength of the pile; and
undertake Pile Monitoring (which may be in conjunction with Hammer Monitoring) during the driving of all piles to verify that the piles achieve the required geotechnical strength and comply with this Specification.
[bookmark: _Ref172623024]For untested piles, acceptance may be based on:
1. correlated Wave Equation Inspector’s Charts which accommodate variable transferred energy, 
1. correlated Energy Formula (eg modified Hiley Formula), or
1. correlated Force Formula.
In all cases, the correlations must be referenced to initial HSDPT results and verified or modified as necessary during the progress of the project. 
[bookmark: _Ref89441517]The method of determining the driving efficiency and the energy transferred to the pile (EMX) must be based on the following:
1. for Test Piles, HSDPT;
for piles other than Test Piles, either:
1. [bookmark: _Hlk89435948]non-contact measurement of maximum pile velocity (VMX) with a Pile Monitoring Device, subject to the relationship between EMX and VMX, and the accuracy of that relationship being established by reference to the site-specific high-strain dynamic testing; or
hammer Monitoring to measure hammer kinetic energy (KE), subject to the relationship between EMX and KE, and the accuracy of that relationship being established by reference to the site-specific high-strain dynamic testing. 
[bookmark: _Toc190439229]Monitoring of Pile Driving
[bookmark: _Ref83034852]The Contractor must:
1. [bookmark: _Ref83030716]keep a log of progress of the drive showing the number of blows (including hammer input energy or drop height) per 0.25 m of penetration over the entire length of the drive; and
except for Test Piles, during the last 10 blows of the drive (at least), using Pile Monitoring (which may be in conjunction with Hammer Monitoring), determine:
1. set, temporary compression and an energy proxy such as hammer kinetic energy or pile velocity (if a dynamic formula is used); 
set and an energy proxy such as hammer kinetic energy or pile velocity (if a bearing graph approach is used); or 
set and a force proxy such as pile velocity (if a force-based approach is used). 
If the pile driving equipment or driving process is altered after the commencement of pile driving operations, further HSDPT must be carried out and the correlation between the results with the Pile Monitoring or Pile Monitoring in conjunction with Hammer Monitoring reestablished.
Daily records of all stages of the pile installation process must be kept for inclusion in the Pile Installation Report (refer Clause 16.6). The records must be signed by the Piling Supervisor. 
Driving of untested piles prior to provision of the final analysis results from HSDPT is at the Contractor’s risk.
[bookmark: _Toc190439230]Acceptance of Piles 
[bookmark: _Ref83036480]The piles must be driven to the deeper of:
1. highest founding level or minimum penetration specified on the Pile Design Documentation (as applicable); and
1. the depth at which the required geotechnical strength, as specified on the Pile Design Documentation, is achieved when determined in accordance with clause 11.13 (for Test Piles) or Clause 12.5 b) (for piles other than Test Piles).
[bookmark: _Ref83019883][bookmark: _Ref172190497][bookmark: _Hlk172559527]If the Contractor is responsible for the provision of the Pile Design Documentation and a pile cannot be driven to achieve the requirements of Clause 12.9, the Contractor must submit to the Principal either:
1. a proposal for remedial action (such as redesign of the pile group or the installation of additional piles) which is endorsed by the Geotechnical Engineer and the Designer; or
a certificate from the Designer (with supporting calculations and endorsed by the Geotechnical Engineer) that the structural and geotechnical capacity will not be adversely affected by the failure to comply with Clause 12.9 b); however, the Principal is under no obligation to accept any non-conforming pile.

	HOLD POINT 8.

	Process Held
	Remedial action or termination of the pile driving.

	Submission Details
	Proposed for remedial action or a certificate from the Designer that the structural and geotechnical capacity will not be adversely affected by the pile early termination of the pile.


[bookmark: _Ref89692542][bookmark: _Toc190439231][bookmark: _Ref83019704][bookmark: _Ref83020770][bookmark: _Ref83020809][bookmark: _Ref83020856][bookmark: _Ref83020865]Extension of Steel Piles
[bookmark: _Ref89696654]Where steel piles are installed, the Quality Plan must include procedures and Inspection and Test Plans for extension of a pile.  
Unless specified otherwise, any field splice welding of a steel pile must be a full penetration butt weld over the whole cross section conducted in accordance with ATS 5410 and AS 1554.1 for Weld Category SP.
[bookmark: _Toc83202633][bookmark: _Ref94875173][bookmark: _Ref109671545][bookmark: _Toc190439232]Extension of Concrete Piles
[bookmark: _Toc83202634][bookmark: _Toc190439233]General
[bookmark: _Ref190438413]A concrete pile must not be extended unless an extension is shown on the Pile Design Documentation or the extension is approved by both the Designer and the Principal. If permitted, the Quality Plan must include procedures and Inspection and Test Plans for the extension of a concrete pile.
[bookmark: _Ref83019918]Unless the Designer has determined that a lesser value is applicable and it has been approved by the Principal, any connection and extension must be capable of developing the full axial load and bending moment capacity of the pile. 
[bookmark: _Ref148092871]An extension must not adversely affect the pile durability and must be installed in accordance with the manufacturer’s instructions (where applicable). The design of the connection must take into account geotechnical, hydrological and groundwater environment considerations.
[bookmark: _Toc83202635][bookmark: _Toc190439234]Precast Extensions
[bookmark: _Ref94704138]If a precast concrete extension is shown on the Pile Design Documentation, the pile may be extended prior to or during driving by splicing on an additional length of precast concrete pile of the same structural design. The extension must be installed in accordance with the details shown on the Pile Design Documentation.
Pile splices must be located at or below the level determined by the Designer and approved by the Geotechnical Engineer. This level must be at least 5 m below the lowest natural or existing ground level after completion of driving.
Mechanical pile splices must not be located where significant corrosion of the splice is likely, unless special corrosion protection measures are taken to ensure the splice design life will be achieved. High corrosive environments include aggressive soils, salt water, saline soils, between high and low ground water levels and between stream bed and potential scour levels.
[bookmark: _Toc83202636][bookmark: _Toc190439235]Cast-In-Place Extensions
If a cast-in-place extension is used: 
1. the cross-sectional area must not be less than the connecting pile;
concrete used in the extension must have the same minimum 28 day compressive strength or higher;
the durability must not be less than that specified for the precast concrete section; 
reinforcement must be placed and welded or spliced in accordance with ATS 5310; and
the extension must be constructed in accordance with ATS 5240.
For extended reinforced concrete piles, the number and size of reinforcing bars in the extension must provide at least the same strength as the original concrete pile segment. The location of the reinforcing bars in the extension must be similar to the location of the bars in the lower concrete pile segment.
For extended prestressed concrete piles, the position, number and size of reinforcing bars in the extension must comply with the Pile Design Documentation or as specified by the Designer. Tendons must not be welded.
If the Contractor is responsible for the design, the Contractor must provide a certificate from the Designer that the extension complies with the requirements of this Specification, AS 2159, AS 5100.3 and AS 5100.5.
	HOLD POINT 9.

	Process Held
	Cast in place extension.

	Submission Details
	Certification from the Designer must be submitted to the Principal at least 24 hours prior to the commencement of the pile extension.


[bookmark: _Ref144984604][bookmark: _Toc190439236]Concreting of Tubular Steel Piles
[bookmark: _Toc190439237]General
This Clause 15 only applies if concreting of tubular steel piles is specified.
For piles driven open ended, once the steel tube has reached required ultimate geotechnical axial capacity, the material inside the tube must be excavated without disturbing the soil plug at the bottom of the hole in accordance with Clause 15.3. Unless an alternative level is specified in the Pile Design Documentation, the inside of the tube is excavated to the level of the base of the tube.
[bookmark: _Ref109671700]The inside of the tube must be cleaned within 24 hours prior to casting the concrete.  Immediately prior to placing the reinforcing steel and concrete:
1. the depth of the excavation must be checked to ensure that the base of the excavation remains at the required level; and
1. if necessary, the tube must be excavated / cleaned again. 
[bookmark: _Hlk172700581]If shown on the Pile Design Documentation, a mass concrete plug must be placed at the specified level inside the tube prior to the placement of the reinforcing cage.
[bookmark: _Toc190439238]Reinforcing Steel 
The reinforcement steel must be supplied and fixed in accordance with ATS 5310 and this Specification.
The spacers attached to the cage must be of an approved type and capable of providing the specified concrete cover and maintaining the cage in the specified position, over the whole length of the pile, after placement and during concreting.
Cages for raked piles must incorporate provision for inserting and removing the tremie pipe without the risk of the pipe becoming snagged.
[bookmark: _Ref83024550]The tube and reinforcement cage must be cleaned of all loose and adhering material before and after the reinforcement cage is placed.

	WITNESS POINT 3.


	Process 
	Inspection of the reinforcement cage prior to placing into the pile hole and the placement of concrete

	Notification Period
	The Principal must be notified at least 2 hours prior to the proposed placement of the reinforcement cage into the pile hole.


[bookmark: _Toc190439239]Placement of Concrete 
The concrete must be supplied in accordance with the requirements of ATS 5315.
The concrete mix must be designed for placement inside a steel tube and address:
1. limiting the excessive bleeding of water;
1. suitability of the combined aggregate grading curves (particularly in the sand component); and
1. the use of appropriate admixtures and the retention of adequate workability during placement.
The concrete must be of such consistency and be placed in such a manner that:
1. pockets of air, water or ground materials are not entrapped in the concrete;
1. the concrete is homogeneous and achieves its specified strength; 
1. supply of concrete is effectively continuous; and
1. the space between the reinforcement and the side walls of the hole are completely filled with sound concrete.
The tremie tube(s) must be capable of discharging the concrete at a rate which is suitable for the pile size and site conditions. A hopper must be attached to the tremie pipe and all joints must be watertight. The hopper and tremie pipe must be clean. 
The Contractor must ensure that the first charge of concrete is not contaminated. Taping a steel plate to the tremie outlet is an acceptable method, but the use of a vermiculite plug for this purpose is not permitted. The tremie pipe must be extended to the base of the pile hole before the tremie is charged with concrete.
Concreting must not commence until the tremie pipe is fully charged. The outlet of the tremie pipe must not be lifted from the bottom of the hole until the hole has been filled with a minimum of 2 m depth of concrete. Thereafter, concreting must be kept a minimum of 2 m below the top surface of the concrete at all times and the Contractor must continuously monitor and ensure that the 2 m depth of embedment is to be maintained at all times.
The rate of withdrawal of the tremie pipe during concreting must be pre-determined by the Contractor based on the actual pile hole diameter and the rate of concrete delivery.
A tremie pouring record must be kept during the tremie pour and included in the Pile Installation Records (refer Clause 16.5).  The tremie pouring record must include:
1. the level or depth (from a point of known height);
1. depth of the base of the pile;
1. time pour started;
1. arrival time of each truck;
1. depth at the start of delivery from each truck;
1. depth and time when the tremie is shortened;
1. the length of tremie kept within the concrete column during the shortening operation; and
1. the estimated quantity of material allowed to flow to waste at the end of the process.
If the Contractor considers that the pile hole is dry, it may submit a proposal to the Principal to use a hose or pipe in lieu of the tremie method; however, the Principal is under no obligation to accept any such proposal. At a minimum, the proposal must address the methods for:
1. lifting and/or shortening the delivery hose / pipe quickly with delays no longer than 10 minutes;
1. ensuring adequate compaction;
1. preventing the concrete falling onto the reinforcement cage; and
1. minimizing segregation in raked piles.
Concreting must be continued until sound concrete appears a minimum of 400 mm above the required cut off level. 
If the placement of concrete underwater ceases at any time before completion of the pile for a period of more than 45 minutes, concrete placement must cease, the concrete allowed to set for at least eight hours before concrete placement recommences.
[bookmark: _Toc190439240]Tremie lifted out of concrete
If the tremie base is accidently lifted out of the plastic concrete in the pile at any stage prior to completion of the pile (‘pull out’), concrete placement must stop and remedial action in accordance with Clause 15.21 or Clause 15.22 immediately implemented.
[bookmark: _Ref146881826]If the pull out is within the socket or in the lower 2 m of the shaft (within the liner), all concrete must be removed as soon as possible, the reinforcement extracted and the socket re-cleaned in accordance with Clause 15.3. The pile must then be re-concreted and finished.
[bookmark: _Ref146881837]If the pull out is within the liner and above beyond the bottom 2 m of the shaft, all contaminated concrete (and not less than a distance of two pile diameters below the point where the pull-out occurred) must be removed using a grab or similar device. This work may be done either immediately following the pull out, when the concrete is still wet, or following partial set of the concrete not less than eight hours after the event. A construction joint must be prepared at the revised top of the concrete surface, the surface levelled and cleaned.
	HOLD POINT 10

	Process Held
	Recommencement of pile concreting after a pull out 

	Submission Details
	Notification that the construction joint meets the requirements of this Specification must be submitted to the Principal prior to the recommencement of concreting.


[bookmark: _Toc190439241]Pile Completion
[bookmark: _Toc190439242]General  
[bookmark: _Ref83019413]The Contractor must verify that the piles have been constructed in accordance with the tolerances in AS 2159.
For concrete piles, the concrete above the level specified on the Pile Design Documentation must be removed as follows: 
1. concrete removal is preceded by cutting a circumferential notch, approximately 30 mm deep; 
1. explosives must not be used under any circumstances;
1. the top of the pile after cutting must be free of laitance and any loose material and have a profile with surface roughness not less than 3 mm;
1. reinforcement and / or strands are kept clean and are free of damaged along the full final length; and 
1. where reinforced bars of different diameters are used, the stripped length of the reinforcing bars must be based on the longest of the individual requirements. 
Below the cut-off level, the concrete pile must not be spalled, cracked or damaged.
Unless specified otherwise in the Contract documents, all excavated material, excess concrete and waste must be removed from the Site in accordance with the approved Contractor’s Environmental Management Plan (refer ATS 1140).
[bookmark: _Toc190439243]Installation Records
[bookmark: _Ref83036828]All test results (including all raw data associated with HSDPT testing), records and reports must be provided to the Principal in an electronic format which is acceptable to the Principal. 
[bookmark: _Ref83019397]Pile driving records (including for any restrike) must be kept in accordance with AS 2159. The report must identify the piling contractor, Geotechnical Engineer and the testing organisation. In addition, the following must be recorded for each pile driven:
1. manufacturing lot number and date of fabrication or casting;
location in pile group;
length prior to driving;
name of Piling Supervisor;
date of driving;
toe level;
complete Pile Monitoring (which may be in conjunction with Hammer Monitoring0 record;
any endorsement from the Designer and / or Geotechnical Engineer and approval from the Principal to change any requirement specified in the Pile Design Documentation; and
details, type and location of any splice connection;
evidence that the pile position, size, depth and verticality comply with the specified requirements.
If the pile has been dynamically tested, the report for the pile must also include:
1. measured stresses in the pile; and
1. the calculated ultimate capacity, including shaft resistance distribution and end bearing components.
The pile installation records must be signed by the Piling Supervisor and provided to the Principal within 12 hours of the completion of the pile.
[bookmark: _Toc190439244]Certification of Conformance
[bookmark: _Ref83020034]Within 15 working days of the completion of a pile or group of piles, the Contractor must submit to the Principal a certificate from the Geotechnical Engineer (or a Professional Engineer if the Contractor is not required to engage the Geotechnical Engineer) verifying that the piling has been constructed and tested in accordance with this Specification.

[bookmark: 13.1_General][bookmark: 13.2_Test_and_Inspection_Reports][bookmark: _bookmark11][bookmark: _Toc26182495][bookmark: _Toc190439245]Annexure A:	Summary of Hold Points, Witness Points and Records
The following is a summary of the Witness Points / Hold Points that apply to this Specification and the Records that the Contractor must submit to the Principal to demonstrate compliance with this Specification.
	CLAUSE
	HOLD POINT
	WITNESS POINT
	RECORD


	4.1
	1. Commencement of Pile installation
	
	Quality Plan

	7.12
	2. Commencement of Pile installation (fabricated steel piles)
	
	Evidence that the fabricated steel complies with ATS 5410

	7.18
	
	1. Delivery of piles
	

	9.3
	3. Establishment of the piling rig
	
	Certification from the Professional Engineer

	10.3
	
	2. Installation of each pile
	

	10.7
	4. Pile installation
	
	Certification of set out

	10.27
	5. Piling driving if geotechnical capacity is not reached
	
	Submission to Designer and Principal

	10.36
	6. Rectification of damaged pile
	
	Proposed rectification and certificate from the Designer

	11.3
	7. Restrike pile resistance is less than the pile resistance measured at the end of driving
	
	Pile driving records

	11.20
	
	
	Test data

	11.21
	
	
	Test report

	12.10
	8. Remedial action or termination of the pile driving
	
	Proposed for remedial action or a certificate from the Designer

	14.3
	9. Cast in place extension
	
	Certification from the Designer

	15.8
	
	3. Inspection of the reinforcement cage
	

	15.22
	10. Recommencement of pile concreting after a pull out
	
	Notification of recommencement of concreting

	16.1
	
	
	Evidence of compliance with geometric tolerances

	16.6
	
	
	Installation records

	16.9
	
	
	Certificate of Conformance






Amendment Record
	Amendment no.
	Clauses amended
	Action
	Date

	-
	New specification
	New
	February 2025

	
	
	
	



	Key
	

	Format
	Change in format

	Substitution
	Old clause removed and replaced with new clause

	New
	Insertion of new clause

	Removed
	Old clauses removed
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