Department of State Growth

SECTION 605
‑
DRIVEN PILES
##This section cross-references Sections 175, 176, 177, 204, 610, 611 and 630.

If any of the above sections are relevant, they should be included in the specification.

If any of the above sections are not included in the specification, all references to those sections should be struck out, ensuring that the remaining text is still coherent:
605.01
GENERAL

The following information shall be provided for each pile on relevant foundation drawings:
(a)
pile diameter and founding level

(b)
design axial and lateral capacity (Ultimate Limit State and Serviceability Limit State)

(c)
design bending moment capacity (Ultimate Limit State and Serviceability Limit State)

(d)
inspection requirements -
•
foundation conditions where the pile is required to develop its capacity via end bearing; and

•
socket conditions where the pile is required to develop its capacity via skin friction
(e)
pile testing requirements e.g. magnitude of test loads (Clause 605.07)

(f)
pile acceptance criteria:


Criterion 1 - the performance of the pile footing under the design serviceability load; and


Criterion 2 - a resistance equal to at least the design geotechnical ultimate limit state
(g)
reference of geotechnical investigation and design reports from which the above information has been established.
Piles shall be driven in the locations and to the levels shown on the drawings.  Care must be taken to ensure that piles are not damaged during transport, handling and driving.  Piles that are damaged shall be repaired to the satisfaction of the Superintendent.  Piles that the Superintendent considers cannot be repaired shall be rejected.
Piles shall be clearly marked at 500 mm intervals starting from the pile toe.

Piles shall be driven in accordance with AS 2159 Piling – Design and installation.

Details of Australian Standards (AS), Australian/New Zealand Standards (AS/NZS) and other documents referred to in this section are provided in Section 175.
605.02
STANDARDS

Material, design and construction of driven piles shall comply with the requirements of VicRoads Standard Specification and relevant Australian Standards including:

Section 610

Section 611

Section 630
AS 2159   Piling - Design and installation

AS 5100   Bridge design
605.03
DRIVING SYSTEM

Piles shall be driven with sufficient energy to install the pile and to achieve an ultimate capacity in excess of the specified pile test load without causing damage to the pile.  Where earth retention with or without compression capacity piles are to be driven and excavation will not be undertaken prior to testing, the pile driving system shall be designed to have adequate energy to mobilise the entire length of the test pile.  The methodology used in determining the pile capacity below the ultimate retention height of the test pile should be provided to the Superintendent for review prior to commencement of pile driving.
If a drop‑hammer is used, the height of fall of the hammer shall not exceed 2 m.

The Contractor shall provide details of the driving system including the make, model and rated energy of the hammer, the mass of the helmet, and the proposed cap‑block and cushion materials.

These details, including calculations which demonstrate that the proposed driving system has sufficient energy to achieve the specified pile test load, shall be submitted to the Superintendent for review not less than 14 days prior to the commencement of pile driving.

605.04
DRIVING

During driving, the tops of the piles shall be held and guided by a suitable helmet and protected by a cushioning material, to avoid damage to the pile.

Piles shall be guided into the specified position and shall not be bent or sprung into place during or after driving.

Each pile shall be driven in a continuous operation and not left partly driven.

Piles that are to be extended shall be spliced immediately after the driving of a particular section has been completed.  Driving shall re‑commence as soon as the splice is completed.
The Contractor shall ensure that piles achieve the specified accuracy of level and position.  The following tolerances shall apply to piles after driving:

(a)
pile alignment

(
deviation from the vertical or the specified rake shall not exceed 20 mm per metre length of pile
(b)
pile straightness

(
deviation from vertical shall not exceed 5 mm per metre length of pile
(c)
pile position for piles in pile caps and the underside of crossheads
(
pile head centre, ± 50 mm of the specified position.

HP
Pile testing shall be carried out in the presence of the Superintendent.
Piles shall be driven to the levels shown on the drawings.

Piles forced up by the driving of adjacent piles shall be re‑driven to the specified toe level.

Piles shall achieve the specified ultimate load capacity.
Set measurements shall be taken to verify capacity of each pile driven, recorded as traces during driving to show the temporary compression of the pile and the permanent set.  Traces must be taken relative to a stable hurdle supported securely by posts at least one pile diameter from each side of the pile.  Where set measurements cannot be undertaken due to WH&S issues, the Contractor shall provide alternative methods to the Superintendent for review at least 7 days prior to pile driving.
If the ultimate load capacity is not achieved at the specified level, the pile shall have a restrike test undertaken in accordance with Clause 605.08 – Restrike Test.  If directed by the Superintendent, the pile shall be driven until the specified ultimate load capacity is achieved.

If it is necessary to drive and/or extend the head of a pile below the underside of the pile cap, disturbance of the surrounding soil shall be minimised.
If it is necessary to drive piles through embankment fill, the full depth of the fill shall be pre‑bored prior to pile driving.  The diameter of the pre-bored hole shall not exceed the diagonal dimension of the pile minus 50 mm.


***
Landfill sites containing domestic refuse shall be pre-bored prior to pile driving, or sufficient 
refuse shall be removed down to the natural surface to create a stable and safe working 
area prior to pile driving.  Where excavation of refuse is required, the void created by 
removal of the refuse shall be backfilled with Type B material and compacted in accordance 
with Section 204.  Disposal of refuse shall be in accordance with Section 176 / 
Section 177##(strikethrough inapplicable section):.

After pile driving is completed, all voids resulting from pre-boring shall be filled with grout 
or sand. The area shall be reinstated and any damage made good.
605.05
AXIAL LOAD CAPACITY OF DRIVEN PILES

Piles shall achieve the capacity shown on the drawings which shall be confirmed by testing using the method described in Clause 605.07.

The pile test loads shown on the drawings shall be determined by the designer in accordance with AS 5100 Bridge Design.

HP
Pile testing shall be carried out in the presence of the Superintendent.
The measured ultimate pile capacity achieved shall be determined by the Contractor using the following:

***
(a)
Energy (HILEY) Formula ##(strikethrough option (a) if inappropriate - refer to Guide Notes– and delete the contents of this bracket):
If the use of the Hiley Formula is permitted, this shall not preclude the Contractor from using Wave Equation methods of analysis.



(i)
Drop hammers (hydraulic or cable lift) –

	R  = 
	9.81 (EF.MR.H)
	 x 
	MR + E2.MP

	
	S + 0.5 (C1 + C2 + C3)
	
	MR + MP




(ii)
Diesel hammers –
	R  = 
	EF.EN
	 x 
	MR + E2.MP

	
	S + 0.5 (C1 + C2 + C3)
	
	MR + MP



Where:
R
=
Measured ultimate pile capacity in kilonewtons



MR
=
Mass of ram in kilograms



H
=
Height of free fall of hammer in metres



EF
=
Efficiency of fall of hammer



MP
=
Mass of pile in kilograms, including shoe and helmet



EN
=
Rated energy of hammer per blow in joule



E
=
Coefficient of restitution



S
=
Final set of pile in millimetres per blow using an average of 10 consecutive driving blows, or the first 5 full re-test blows



C1
=
Temporary compression allowance for pile head and cap in millimetres



C2
=
Temporary compression of pile in millimetres



C3
=
Temporary compression of ground in millimetres.

The values of the coefficients EF, E and C1, which are dependent upon the type of equipment used and the rake of the piles, shall be nominated by the Contractor and reviewed by the Superintendent.
Coefficients C2 and C3 shall be measured by the Contractor for each pile during driving simultaneously with the measurement of set per blow.

***
(b)
Wave Equation Methods ##(strikethrough option (b) if inappropriate - refer to Guide Notes – and delete the contents of this bracket):



(i)
Bearing Graph Method

Each pile shall be driven to a calculated set which shall be determined on the basis of wave equation analysis (GRLWEAP or approved equivalent).


(ii)
Dynamic Testing and Analysis

If dynamic testing equipment (Pile Driving Analyser [PDA] or approved equivalent) is used during the process of pile driving, the records shall be subjected to closed form dynamic solutions (Case Method or equivalent) and full wave equation analysis (CAPWAP or TNOWAVE or approved equivalent) using proprietary computer programs.

The Contractor shall arrange for monitoring of piles with dynamic testing equipment during driving at a frequency of not less than one test for each pile group.  The selected pile shall be the initial pile driven in each group and shall be tested when the pile reaches final toe level.

Pile stresses during driving shall not exceed 0.8 fc compression and 1.1(fc tension for concrete piles, and 0.85Fy for steel piles.  For exposure classification B2 or C, the driving tension for concrete piles shall not exceed 0.5(fc.

fc shall be the concrete strength at driving.

The measured stresses in the pile induced during pile driving and ultimate pile capacity calculations shall be submitted to the Superintendent for review prior to driving further piles.
605.06
PILE DRIVING RECORDS

Pile driving records shall be in accordance with Section 7.7 – AS 2159.  The following records must be retained for each pile driven:

(a)
manufacturing lot number and date of casting

(b)
location in pile group

(c)
length prior to driving

(d)
date of driving

(e)
toe level

(f)
traces of set measurements showing set and temporary compression

(g)
calculated ultimate pile capacity

(h)
measured stresses in the pile.
All records shall be provided to the Superintendent within 72 hours of each pile having been driven into position.

605.07
PILE TESTING

***
(a)
Hiley Formula Testing ##( strikethrough option (a) if inappropriate - refer to Guide Notes - and delete the contents of this bracket):

The first pile driven in each group shall be tested and the ultimate capacity determined in accordance with the formula in Clause 605.05(a).

The pile test will determine the driving set for each pile group by correlating the set with the driving system and the designer’s requirements for the pile test loads shown on the drawings. All piles within that group shall be driven to a set not exceeding the driving set as determined by the pile test for that group.

***
(b)
High Strain Dynamic Testing 

All high strain dynamic testing shall be undertaken by a pre-qualified consultant and approved by the Superintendent.  The consultant shall be independent of the piling contractor and advised to the Superintendent at least 2 weeks prior to testing.


(i)
General

High-strain dynamic pile testing shall be performed to confirm that the design pile capacity and integrity has been achieved.

The test procedure and test reports shall conform to the requirements of AS 2159.

The pile driving system shall have adequate energy to mobilise a test pile by a single hammer blow.

Testing shall be carried out by use of a PDA or approved equivalent.

The data obtained from each pile shall be analysed using CAPWAP or TNOWAVE or approved equivalent.

The driving resistance and corresponding set per blow of the test pile shall be measured during PDA testing to extrapolate the results of the test pile to the piles in the pile group.
The test results are required to demonstrate meeting the acceptance criteria shown on the drawings.
The measured ultimate capacity of the test pile shall be equal to or greater than the pile test load shown on the drawings.



(ii)
Driving Criteria

The driving criteria for each pile group shall be determined by testing the first pile driven in each group in accordance with Clause 605.07(b)(i).

The pile test will determine the driving set for each pile group by correlating the driving system and design pile capacity.  All piles within that group shall be driven to a set not exceeding the driving set as determined by the PDA test.

Where a pier or abutment has more than one pile cap, the piles within each pile cap shall be considered as a separate pile group.

For large pile groups the number of piles tested shall be a minimum of 1 in 30, and the distance of any pile from the test pile shall not exceed 20 metres.

An additional pile test shall be conducted where the driving conditions are no longer represented by the initial pile test for that pile group.  Additional pile tests are required where:

•
the design pile toe level of individual piles within a pile group is more than 2 metres, or

•
during pile driving pile toe levels vary by more than 2 metres from the test pile, or

•
pile rake differs by more than 8 degrees from the test pile.

605.08
RESTRIKE TEST

Restrike testing shall be conducted not less than 24 hours after initial driving.

Driving resistance must be equal to or greater than the pile test load shown on the drawings.
605.09
CONCRETE PILES

(a)
Casting, Concrete Strength and Curing

The date of casting shall be clearly marked on each pile.

Piles shall be carefully stored and handled to prevent damage, overstress or permanent distortion.

Piles that are damaged, cracked or distorted shall be inspected by the Contractor in conjunction with the Superintendent.  The Contractor shall submit proposals for the rectification of any defects to the Superintendent.  Piles that do not meet the requirements of the Specification shall be rejected.

Minimum age before driving:

Steam cured 
 7 days after the date of casting

Moist cured 
 14 days after the date of casting

provided that in all cases the specified concrete strength has been achieved.

Concrete temperature and curing requirements shall be in accordance with Section 610 – Structural Concrete.

Concrete strength of piles shall be not less than the value given in Table 1 of Bridge Technical Note BTN 023 for the relevant exposure classification.

Concrete strength at lifting for precast concrete units shall be in accordance with Section 620 – Precast Concrete Units.

(b)
Precast Square Piles Chamfers

Precast square piles chamfers shall comply with requirements of Clause 6.4.2.1 of AS 5100.3.

(c)
Reinforcement

When not governed by design or other loading such as handling, minimum reinforcement for reinforced concrete and prestressed concrete piles shall comply with AS 5100.3 Clause 6.4.2.

(d)
Equivalent Reinforcement

Where anchor bars on mechanical joints interfere with longitudinal reinforcement, alternative arrangements, that provide equivalent longitudinal reinforcement, shall be approved by the Superintendent.

(e)
Pile Toe Protection, Pile Driving Ring or Head Band

All pile toe protection, pile driving ring or head band shall be in accordance with BTN 023.

Pile protection fittings shall be made ‘integral with the pile’ by using anchor bars welded to these fittings.

605.09
EXTENSIONS TO REINFORCED CONCRETE PILES

Reinforced concrete piles may be extended with either an additional length of precast reinforced concrete pile or with a cast in place reinforced concrete extension subject to:

(a)
the pile extension having the same cross section and the same strength as the pile that is being extended

(b)
the angular deviation at the pile joint shall not exceed 1 in 100

(c)
precast extensions may be used provided that


(i)
the mechanical joints must comply with the requirements of AS 5100.3 Clause 6.4 and BTN 023


(ii)
design of mechanical joints must comply with the durability requirements of AS 5100.3 
Section 4


(iii)
the precast extension must have a minimum length of 5 metres



(iv)
the joint location is determined by the structural design engineer
(d)
cast in place extensions may be used provided that



(i)
they are capable of developing the full structural capacity of the pile including the bending and tensile capacities and durability classification shown on the drawings



(ii)
welding of reinforcement if required as part of the extension shall be in accordance with AS/NZS 1554.1



(iii)
design of the extension shall be determined by the structural design engineer


(iv)
driving shall not commence until the concrete in the extension has achieved the specified concrete strength in the connecting pile and at least 75% of the concrete strength grade for the concrete in the extension.
605.11
STEEL SHELL PILES

(a)
Driving

Where any pile is driven by application of the driving effort at the toe, a layer of dry concrete cushion between 300 mm and 600 mm thick shall be placed in the bottom of the pile immediately before driving.

Where it is not possible to complete the driving within 8 hours, the pile shall be left for 3 days, following which another fresh dry concrete cushion between 300 mm and 600 mm thick shall be placed on top of the original cushion before re‑driving.

The ratio of the mass of the hammer to the mass of the pile shall be a minimum of 1.

The maximum height of fall of the hammer shall be determined by the Contractor and in no case shall be greater than 3 m when driving at the toe of the pile or 2 m when driving at the head of the pile.

Covers shall be securely fastened over the tops of shell piles until the concrete core has been placed for safety purposes and to prevent the entry of foreign materials.  Covers may be removed only for the purpose of placing reinforcement and concrete.

(b)
Jointing



(i)
Steel shells shall be extended in place, with a full strength butt welded joint in accordance with AS/NZS 1554.3 or as detailed on the drawings.  The extended steel shells shall not deviate about either principal axis from a straight line drawn between end points by an amount exceeding l/1000 or 3 mm, whichever is the greater, where l is the length between end points.


(ii)
Joints shall be watertight.



(iii)
Fabrication of each mechanical splice assemblies must be subject to the full inspection and test regime specified in Section 630, with traceability of each splice to a compliance Certificate and Inspection and Test Plan.
HP
Welding shall not commence until the welding procedure has been qualified in accordance with Section 630.
(c)
Reinforced Concrete Cores

The concrete core shall not be cast until the steel shell is in its final position.

The concrete core shall be cast to the cut-off level of the pile shown on the drawings.

Pile driving within a radius of 10 m of a newly cast concrete core is not permitted until at least 7 days has elapsed since the time of casting.

Before reinforcement is placed, the shell shall be thoroughly cleaned to remove all mud, silt, water or other foreign material including any loose uncompacted concrete.

Water leakage shall be prevented by sealing of joints and other openings in the shell prior to concreting.

Reinforcement cages shall be centred within the pile using proprietary spacers at suitable intervals.

Reinforcement and concrete for shell piles shall comply with Sections 610 and 611.

(d)
Inspection

HP
Reinforcement and/or concrete shall not be placed until the shells have been inspected by the Superintendent.

The Contractor shall provide adequate lighting to the satisfaction of the Superintendent to enable the Superintendent to inspect at each stage, the pile after driving and cleaning, the reinforcement cage and placement and compaction of concrete.

605.12
STEEL H-SECTION PILES
Steel H-section piles shall be of section size and mass per unit length as shown on the drawings.

After driving, the top of the pile shall be at least 600 mm above the level of the underside of the pile cap.

Steel H-section piles shall be extended in situ by means of full strength butt welds.  Welding of joints shall be in accordance with AS/NZS 1554.3.

The Contractor shall provide details of welded splices for review by the Superintendent not less than 14 days prior to the welding operation.
HP
Welding shall not commence until the welding procedure has been qualified in 
accordance with Section 630.
On completion of driving each pile, any cavity formed around the pile or between the flanges of the pile by the displacement of soil shall be filled immediately with concrete or grout of suitable consistency to fully fill the cavity.

605.13
DEFECTIVE PILES

Where a pile exceeds the specified tolerances, is damaged or is otherwise defective, the strength, serviceability and durability of the pile shall be reappraised and where found to be unsatisfactory the pile shall be repaired, downgraded or replaced with one or more supplementary piles subject to the approval of the Superintendent.
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