Department of State Growth

SECTION 607
-
CONTINUOUS FLIGHT AUGER PILES
##This section cross-references Sections 175, 610 and 611.

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:
607.01
GENERAL

This section covers the requirements for the construction of uncased piles that are formed in the ground by excavation with a hollow flight auger, with the auger progressively withdrawn and the void below the auger tip filled with concrete or cement grout injected under pressure.

The following minimum 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:

•
the required foundation conditions where the pile is required to develop its capacity via end bearing; and

•
the required socket conditions where the pile is required to develop its capacity via skin friction
(e)
pile testing requirements e.g. magnitude of test loads (Section 607.07)
(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.

Cement grouted Continuous Flight Auger (CFA) piles shall not be used in foundations for bridges and other structures on or over roads.
HP
Concrete CFA piles shall not be used in foundations for bridges and other structures on or over roads without the approval of the Superintendent.  If the Contractor proposes to use CFA piles, it shall apply to the Superintendent not later than four weeks before the commencement of piling.  The application shall include details of the following:

(a)
plant and equipment for installation and monitoring;
(b)
method statement for pile installation including how the specified tolerances will be achieved;
(c)
inspection and test plans for pile installation and testing;
(d)
training and experience of piling crew;
(e)
training and qualifications of on-site and off-site engineering and geotechnical supervisory personnel;
(f)
the method of achieving the required verticality and pile position;
(g)
the method of measuring penetration rate and torque during augering;
(h)
the pile design and founding level if this is not shown on the drawings or if the proposal differs from the drawings;


(i)
the procedure for checking that the pile toe has reached the anticipated founding stratum;
(j)
the procedure for reviewing the design of the pile if ground conditions vary from the anticipated conditions;
(k)
the method of monitoring the extraction rate of the auger;
(l)
the method of measurement and monitoring of pressure in the delivery line to ensure that positive pressure is maintained at all times during concreting;
(m)
the method of recording concrete/grout flow and auger extraction rates to ensure that no section of pile contains less than the theoretical volume of concrete;
(n)
the action to be taken if supply pressure and/or flow rate is not maintained during concreting or the construction process is interrupted;
(o)
the method of installation of the reinforcement cage including the method of cage-centering and ensuring minimum cover to reinforcement;
(p)
details of the method of integrity testing including the name and qualifications of specialist sub-contractors and details of the system for collection and reporting of testing results;
(q)
method of disposal of spoil from excavation;
(r)
where earth retention piles with or without compression capacity are to be constructed and excavation will not be undertaken prior to the testing as stipulated in Clause 607.07, the pile driving system shall be designed to have adequate energy to mobilize the entire length of the test pile.  The methodology in determining the pile capacity below the ultimate retention height of the test pile shall be provided.
607.02
STANDARDS

Concrete for CFA piles shall comply with the requirements of Section 610.

Reinforcement for CFA piles shall comply with the requirements of Section 611.

CFA piles shall be designed and tested in accordance with the VicRoads Design parameters for driven piles as listed in Section 175 under Other Reference Documents.
Materials, design and construction of CFA piles shall comply with the requirements of relevant Australian Standards including:

AS 1012
Methods of testing concrete


AS 1478.2
Chemical admixtures for concrete, mortar and grout – Methods of sampling and testing admixtures for concrete, mortar and grout


AS 2159
Piling - Design and installation*


AS 2701.2
Methods of sampling and testing mortar for masonry constructions - Methods of sampling


AS 3972
General purpose and blended cements


AS 5100
Bridge design*

*
In circumstances where AS 5100 and AS 2159 requirements differ, the requirements of AS 5100 shall take precedence over those of AS 2159.

Section 175 details the relevant references to these documents.



607.03
MATERIALS
(a)
General

CFA pile materials shall comply with the drawings and the specification.

(b)
Concrete

Concrete shall be of the strength grade shown on the drawings and comply with Section 610.

(c)
Steel

Steel reinforcement shall comply with Section 611.

607.04
AUGERING AND INSTALLATION OF PILES
CFA piles shall be of the size and position shown on the drawings.

The finished pile toe and head levels shall be as shown on the drawings.

Variation of the CFA pile founding level shall be subject to proof-engineering by a pre-qualified consultant in accordance with the VicRoads scheme for pre-qualification or approved by the Superintendent.
The Contractor shall ensure that adjacent structures and services are not damaged during construction of the piles.

The pile shall be augered in one continuous operation to the depth shown on the drawings.
The concrete delivery hose shall be primed and pressurised and the toe of the auger shall then be withdrawn progressively.
The boring rate, penetration rate and torque shall be monitored and recorded throughout the augering process.
The Contractor shall produce a field log of the materials encountered over the full depth of the excavation.  The materials retrieved at 1 metre depth intervals during the course of the drilling shall be recorded and inspected by the Contractor’s geotechnical consultant who shall confirm that they are consistent with the design assumptions and in accordance with the Contractor’s installation procedure prior to casting.  If it is necessary to increase the depth of the pile to achieve the required pile capacity, the Contractor shall:

(a)
determine the required increase in depth of the pile in accordance with the Contractor’s procedure for review and confirmation that the pile has achieved the required design capacity;

(b)
determine the required increase in depth of the pile in accordance with the Contractor’s procedure for reviewing the design of the pile if ground conditions at the anticipated depth vary from the anticipated conditions;

(c)
obtain confirmation from the Contractor’s geotechnical consultant of the required increase in depth of the pile;
(d)
provide a full account of the need for the increase to the Superintendent for review.

Where piles are founded on rock, they shall extend the specified minimum distance into rock of the type and quality shown on the drawings.


The Contractor shall provide a work method statement and procedure for construction of the CFA pile if there is a risk of an uncontrolled leakage of concrete into a watercourse or other sensitive area due to presence of weak stratum.  As a minimum, the Contractor shall provide a temporary steel casing down to a level below which there is no risk of such leakage.  The Contractor shall consult its geotechnical consultant whom shall verify the appropriateness of the construction procedure.  The Contractor shall provide the geotechnical consultant’s report to the Superintendent for review.
Pile shafts shall be formed by injecting concrete continually as the auger is extracted.  The method of maintaining positive pressure in the pumping equipment, and the method of maintaining an oversupply rate for concrete, shall be in accordance with the Contractor’s installation procedure.

The auger extraction rate, concrete pressure and concrete oversupply shall be monitored and recorded throughout the augering process.

The concrete pressure and rate of concrete delivery shall be maintained as the auger is withdrawn in order to ensure that the pile excavation is completely filled and is free of voids and inclusions.

The reinforcement cage shall be placed and centralised in the pile as soon as is practicable after the pile has been concreted and while the concrete is still plastic.  The reinforcement shall then be allowed to descend under its own weight until the correct level is reached.

If the reinforcement cage cannot be installed to the required level under the effects of gravity, a small vibratory drive head may be used to complete the installation of the cage subject to approval by the Superintendent, and provided the Contractor is able to demonstrate that such vibration will not cause segregation or bleeding in the concrete nor adversely affect the integrity of the steel cage.

Further to the requirements of Clause 611.10 spacers and supports for CFA pile steel reinforcement shall be placed at intervals of no more than 2 m along the full length of the steel reinforcement cage to ensure that the specified concrete cover to the steel reinforcement is maintained.

Care shall be taken to prevent soil or rock dislodging from the side of the excavation or from the ground around the top of the excavation that may contaminate the concrete and that may reduce the effective diameter of the pile or the minimum cover to reinforcement.

Piles shall be constructed to ground level or a minimum of 300 mm above pile cut-off level to allow breaking back of concrete at the top of the pile.
607.05
PROTECTION OF ADJACENT PILES
The Contractor shall ensure that adjacent newly cast CFA piles are not damaged during the installation of subsequent piles or by other construction activities and plant movements.

Pile excavation within 2 metres or three pile diameters (whichever is the greater) of a newly cast pile shall not commence until the concrete in the newly cast pile has attained a strength of 15 MPa.

607.06
TOLERANCES

The following tolerances shall apply to completed CFA piles:

(a)
centre of the pile head shall be in the specified plan position (75 mm;

(b)
maximum deviation from vertical shall be within 1 in 50 of the pile height; and

(c)
minimum cover to reinforcement shall be determined in accordance with the exposure classification and AS 5100 and shall be shown on the drawings; minimum cover to reinforcement shall be not less than 75 mm under any circumstances.



607.07
TESTING

HP
All testing shall be undertaken by a pre- qualified consultant in accordance with the VicRoads scheme for pre-qualification or approved by the Superintendent.  The consultant shall be independent of the piling contractor.  The Contractor shall provide details of the pile testing consultant to the Superintendent for review at least 2 weeks prior to the testing
(a)
Integrity Testing

The Contractor shall conduct integrity testing of all CFA piles.

Integrity testing shall be conducted in accordance with the integrity test methods specified in AS 2159.  Integrity testing equipment shall be capable of identifying cross-sectional irregularities, voids and inclusions.

Acceptance criteria, supervision and reporting of integrity testing shall be in accordance with the requirements of AS 2159.

(b)
Load testing

The Contractor shall conduct dynamic testing of CFA pile capacity.  The frequency of pile testing shall be in accordance with VicRoads Design parameters for driven piles as listed in Section 175 under Other Reference Documents.

At least one load test shall be performed on each pile group.  Dynamic testing shall also be carried out on piles if the pile toe level varies by more than 2 metres from the test pile or as shown on the drawings.
Testing shall be carried out by use of a Pile Driving Analyser (PDA) and the data obtained from each pile shall be analysed using CAPWAP, TNOWAVE or other approved equivalent software.
Where the Contractor intends to seek dispensation of pile testing, the Contractor shall demonstrate to the satisfaction of the Superintendent that an appropriate geotechnical investigation(s) has been carried out at the piling location with relevant geotechnical information at least 5 m below the design pile toe level.  The submission shall include a proof engineer’s certificate to confirm that where the pile is expected to develop its capacity, the lowest bound value of material strength established from the investigation has been adopted, and that a maximum geotechnical strength reduction factor of 0.45 has been adopted in the Ultimate Limit State geotechnical strength design in accordance with AS 2159.  This information shall be provided to the Superintendent for review at least 4 weeks prior to construction.  No consideration for dispensation of pile testing shall be given during or after construction.

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

Pile stresses during testing driving shall not exceed 0.8 fc compression and 1.1√fc tension. For exposure classification B2 or C, the driving action shall not produce tensile stresses in concrete in excess of 0.5√fc.

fc shall be the concrete strength at driving.

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



607.08
DEFECTIVE PILES

If the CFA pile capacity is less than pile test load shown on the drawings, it shall be replaced.

A pile shall be rejected if at any point of the pile it is found to contain voids and/or inclusions with the combined projected area more than 10% of the design cross-sectional area of the pile, or has a cross-sectional area that is less than the nominal diameter of the pile.

If the pile exceeds the specified geometrical tolerances, it shall be rejected.

If it is not possible to install the cage to the level required, the reinforcement cage shall be removed and the pile shall be replaced.
607.09
REPORTING

Reports of the following shall be supplied to the Superintendent on completion of CFA pile installation:

(a)
Pile Installation
Records of all activities or actions taken under items (a) to (q) as listed in Clause 607.01.

Raw data of pile integrity testing shall be provided to the Superintendent within 48 hours of request of the Superintendent.
(b)
Pile Testing

Field measurements and conclusions from the following -



(i)
pile integrity testing

Field measurements and pile capacity determination from the following -



(i)
PDA testing



(ii)
wave equation analysis

(c)
Non-conformances

Nature and disposition of all non-conformances.
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