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[bookmark: _Toc215827664]Scope
[bookmark: _Toc514678946][bookmark: _Toc886733][bookmark: _Toc886732]Austroads Technical Specification ATS 2185 sets out the requirements for the construction of concrete injected columns (CIC) for the strengthening of soft soil. CIC are constructed by the following process:
inserting a hollow stemmed auger attachment into soft soil and displacing the soil laterally so that there is little or no spoil from the drilling;
filling the hole with concrete as the auger is progressively withdrawn; and
if specified, inserting a single reinforcing bar or a steel reinforcement cage into the plastic concrete.
CIC may also be referred to as controlled modulus columns (CMC) or controlled stiffness columns (CSC).
ATS 2185 does not cover ground improvement through construction of cast-in-place piles by a non-displacement method, such as using a continuous flight auger.
The CIC must be constructed in accordance with the Design Documentation and this Specification.
[bookmark: _Toc215575264][bookmark: _Toc215827665]Referenced Documents
The following documents are referenced in this Specification:
	Australian/New Zealand Standards
AS 1012	Methods of testing concrete
Method 8.1	Method for making and curing concrete – Compression and indirect tensile test specimens
Method 9	Compressive strength tests – Concrete, mortar and grout specimens
Method 14	Method for securing and testing cores from hardened concrete for compressive strength and mass per unit volume
AS 2159	Piling – Design and installation 

	Austroads
ATS 1160	Safety Management Systems 
ATS 5335	Normal Class Concrete 
ATS 2170	Geosynthetic Reinforcement
ATS 5310	Supply and Placement of Steel for the Reinforcement of Concrete    

	British/European Standards
BS 8006-1	Code of practice for strengthened/reinforced soils and other fills


[bookmark: _Toc215575265][bookmark: _Toc215827666]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]The following definitions and abbreviations apply to this Specification.
	Auger:
	A hollow stemmed drilling head attached to a steel tube for forming the displacement concrete injected columns.

	Column Design Depth:
	Depth to the base level of the Production Column, as shown on the Design Documentation.

	Cut-Off Level:
	Level of the top of the CIC. This level is usually the same as the level of the working platform.

	Design Documentation:
	The drawings, schedules and other documents, identified as such, that set out the design of the CIC and may specify requirements for installation of the CIC.

	Ground Improvement Area (GIA):
	A site-defined area to be treated that is not greater than 50 m in length as measured along the road alignment.

	Installation Parameters:
	Parameters applicable to the installation of the CIC, including auger penetration rate, drilling rate, drilling torque, downward force, auger extraction rate, concrete pressure and concrete volume. 

	Load Transfer Platform (LTP):
	A platform constructed above the completed CIC for the purpose of transferring the load from the embankment onto the columns and to control bending of the columns due to excessive ground lateral movement.

	Professional Engineer:
	A person who:
a)	is registered on any scheme of registration of engineers prescribed by legislation in the applicable jurisdiction;
b)	is appropriately registered or prequalified, if the Principal has implemented an applicable registration or prequalification scheme; and
c)	satisfies at least one of the following requirements: 
i)	is a Chartered Professional Engineer; or
ii)	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).

	Production Columns:
	CIC constructed within the GIA that form part of the permanent works as shown on the Design Documentation.

	Trial Columns:
	CIC constructed within or in the vicinity of the GIA prior to the commencement of Production Column construction for the purpose of determining the construction sequence and the Installation Parameters of the Production Columns.


[bookmark: _Toc215575266][bookmark: _Toc215827667][bookmark: _Ref9599800]Quality System Requirements
[bookmark: _Ref158813550][bookmark: _Ref187739675]The Contractor must prepare and implement a Quality Plan that includes the documentation in Table 4.1.
[bookmark: _Ref215497922]Table 4.1:	Quality Plan
	[bookmark: _Hlk209018226]Clause
	Description of document

	7.1
	Details of plant and equipment

	8.1
	Details, procedures and/or Safe Work Method Statements for site management (if not included in the Work Health and Safety Management Plan)

	8.7
	Instrumentation and Monitoring Plan (1)

	9.1
	Details, procedures and Inspection and Test Plans for installation of the CIC

	13.1
	Details/procedures for testing the CIC


[bookmark: _Ref200003868]Note:
The Instrumentation and Monitoring Plan may be included in the Quality Plan or be a ‘stand-alone’ document
[bookmark: _Ref215829360]If not included in the construction program (alternatively referred to as a ‘contract program’), a program showing the sequence of work and timing must be submitted with the Quality Plan. This program must include:
0. the Assessment of Ground Exposure Classification (where applicable – refer to Clause 5.1); 
Trial Column construction (refer to Clause 11); and
Production Column construction (refer to Clause 12). 
	[bookmark: _Hlk9589851]HOLD POINT 1

	Process Held
	Site work for the installation of CIC

	Submission Details
	[bookmark: _Hlk3530642]The Quality Plan must be submitted to the Principal at least 10 working days prior to the commencement of work on Site.


[bookmark: _Ref198708490][bookmark: _Toc215575267][bookmark: _Toc215827668][bookmark: _Ref70592438][bookmark: _Toc29489164][bookmark: _Ref15469889][bookmark: _Hlk9598492][bookmark: _Toc1138829][bookmark: _Toc9850016][bookmark: _Hlk9434043]Site Assessment and Design  
[bookmark: _Toc215575268][bookmark: _Toc215827669]Assessment of Ground Exposure Classification 
[bookmark: _Ref199758631]If the Principal has not provided the ground exposure classification, the Contractor must:
1. undertake an assessment of the ground conditions for each GIA at the Site;
1. determine the exposure classification in accordance with AS 2159 for a 100-year design life; and
1. submit the assessment and the exposure classifications to the Principal with the concrete mix design (refer to Hold Point 2 in Clause ‎6.1).
[bookmark: _Toc215575269][bookmark: _Toc215827670]Design of Load Transfer Platform
[bookmark: _Ref213330749]If the Principal has not provided the design of a load transfer platform (LTP), the Contractor must prepare the design of the LTP in accordance with BS 8006-1 and any other requirements specified in the Contract documents or directed by the Principal.
[bookmark: _Ref213330763]The design of the LTP must be submitted to the Principal at least 10 working days prior to construction of the LTP (refer to Clause 16).
[bookmark: _Toc215575270][bookmark: _Toc215827671][bookmark: _Ref158813454]Materials
[bookmark: _Ref198553249]The concrete mix design must comply with ATS 5335 and the following additional requirements:
0. in addition to consideration of the exposure classification, the concrete mix design must also satisfy other durability requirements, such as the potential corrosion of steel reinforcement, and sulphate or chloride attack of concrete (if relevant);
where used, fly ash must be between 20 to 25% by weight of the total binder content; and
the minimum concrete strength must comply with Table 6.1.
[bookmark: _Ref215498940]Table 6.1:	Concrete strength in relation to exposure classification
	Exposure classification (1)
	Minimum concrete strength (2) (MPa)

	Non-aggressive, mild or moderate environment
	32

	Severe or very severe environment
	40


Notes:
1. Ensure classification determined in accordance with AS 2159.
2. 28-day unconfined compressive strength, in accordance with AS 1012.8.1 and AS 1012.9.
	HOLD POINT 2

	Process Held
	Production of concrete

	Submission Details
	The concrete mix design (and assessment of ground exposure classification, if applicable) must be submitted to the Principal at least 10 working days prior to the commencement of work on Site.


Steel for the reinforcement of concrete, where used, must comply with ATS 5310.
Geosynthetic reinforcement and selected material for the LTP must comply with ATS 2170.
[bookmark: _Ref187740500][bookmark: _Toc215575271][bookmark: _Toc215827672]Plant and Equipment 
[bookmark: _Ref187739843][bookmark: _Ref158813781][bookmark: _Ref64044197]The Quality Plan must include:
0. details of the piling rig and other key items of plant used for the installation of the CIC; and
calibration record of all instruments used.
The piling rig for construction of the CIC must:
0. have sufficient torque and downward force (or ‘crowd force’) capable of penetrating the ground at a rate sufficient to avoid drawing surrounding soils laterally into the bore (i.e. side loading); 
utilise cutting heads that are suitable for boring into the founding material to achieve the specified embedment length or founding level;
be capable of achieving the required depth without the need to pause drilling to insert an auger extension; and
be equipped with on-board computers that can monitor and record the drilling and concrete injection parameters specified in Clause 10.24 over the full depth of the CIC shaft.
All plant and equipment used for the installation of CIC must be:
0. operated in accordance with the manufacturer’s instructions and within the recommended maximum production capacity; and
kept clean and free from any contaminant or debris.
[bookmark: _Toc166653516][bookmark: _Toc215575272][bookmark: _Toc215827673]Site Preparation and Management
[bookmark: _Toc166653517][bookmark: _Toc215575273][bookmark: _Toc215827674][bookmark: _Ref83019174]General
[bookmark: _Ref147301004]Further to the requirements for the management of Work, Health and Safety (refer to ATS 1160), the Work Health and Safety Management Plan must include details, procedures and/or Safe Work Method Statements for:
0. [bookmark: _Ref82614174]the preparation and maintenance of the Site (including the working platforms) for safe working and plant movements; and
control of the site to exclude or restrict access. 
The Contractor must:
0. ensure that the working area for installation of the CIC is safe and stable for the operation of large machinery; and 
submit certification from a Professional Engineer to the Principal that the site meets the requirements of the applicable Work, Health and Safety Legislation.
[bookmark: _Ref147308513]A granular material must be used for construction of the working platforms.
[bookmark: _Ref215829432]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 installation rig

	Submission Details
	Certification from a Professional Engineer 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 installation rig on site.


[bookmark: _Hlk89337390][bookmark: _Toc89693145][bookmark: _Toc166653518][bookmark: _Toc215575274][bookmark: _Toc215827675][bookmark: _Toc83202622]Site Control Zones
[bookmark: _Ref146892846]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 8.1.
[bookmark: _Ref215565247]Table 8.1:	Site access restrictions
	Site control zone
	Description
	Restrictions to access

	Exclusion Zone (EZ)
	The high-risk zone in the immediate vicinity of the CIC being installed
	No person can enter the EZ while the installation rig is operating

	Rig Operating Zone (ROZ)
	The zone around the installation 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. Physical barriers must be in place to prevent accidental entry into any open pile hole.
[bookmark: _Toc215575275][bookmark: _Toc215827676]Monitoring of Adjacent Structures
[bookmark: _Ref198829646][bookmark: _Ref198829214]If an existing structure (including utilities) in the vicinity of the CIC may be affected by the work, the Contractor must:
1. ensure that all existing structures are not damaged during the installation of the CIC;
1. install sufficient monitoring instrumentation near and/or at the existing structure(s) to monitor their response to the construction of the CIC in accordance with the Instrumentation and Monitoring Plan; and  
1. monitor the movement of the structure(s) in accordance with the approved Quality Plan.
Where Clause 8.7 applies, the Contractor must prepare and implement an Instrumentation and Monitoring Plan that includes:
1. details of the proposed instrumentation;
1. monitoring location(s), frequency and duration;
1. movement trigger levels; 
1. proposed remedial actions; and
1. establishment of baseline readings.
The movement trigger levels and movement limits of the existing structures must be approved by the Principal.
[bookmark: _Toc215575276][bookmark: _Toc215827677][bookmark: _Ref199758661]Construction – General 
[bookmark: _Toc215575277][bookmark: _Toc215827678]Quality Plan
[bookmark: _Ref213752040]The Quality Plan must include details, procedures and Inspection and Test Plans that address the following:
1. plan(s) showing each GIA and Trial Columns within or in the vicinity of each GIA, and proposed sequence of column construction;
1. methodology for CIC construction, including details of the process to verify the position of the columns and the verticality of the auger stem prior to commencement of drilling of each CIC;
1. methodology for concrete pumping, including the inspection and cleaning of joints in the supply line to prevent leakage;
1. procedures for handling possible interruptions during the CIC construction;
1. method for placing steel reinforcement (where required);
1. method for constructing working platform and load transfer platform, including materials requirements;
1. construction accuracy, and methods to verify compliance with the specified tolerances;
1. procedures for identification and control of nonconformities; and
1. spoil management.
If pre-boring (or any other equivalent technique) is required to achieve the specified founding depth in difficult ground conditions in accordance with Clause 10.6, the Quality Plan must also include details of the methodology for pre-boring, anticipated depth of pre-boring, methodology for preventing surface water ingress and contamination of the boreholes, process for the removal of spoil and the requirements to ensure the safety of personnel traversing the site.
The CIC must be constructed by a soil displacement method that will not result in spoil rising to the surface.
[bookmark: _Toc215575278][bookmark: _Toc215827679]Column Diameter and Length
[bookmark: _Ref213231239]Where the Design Documentation shows columns designated as ‘full depth columns’ (or ‘full length columns’) terminating at the top of the founding layer, the columns must be constructed with an additional 0.5 m of penetration into the founding material beyond the base level shown on the Design Documentation.
[bookmark: _Ref213332314]The Principal must be immediately notified if:
0. the column length to diameter (L-D) ratio, after taking into consideration the additional 0.5 m specified in Clause 9.4, exceeds the maximum L-D ratio for the applicable soil type and consistency shown in Table 13.12; or 
the Contractor intends to vary the installation technique, diameter, spacing or depth of the columns as a consequence of encountering site conditions that were not anticipated in the design of the CIC.
	HOLD POINT 4

	Process Held
	Construction of the Production Columns where there is a variation in the installation technique, diameter, spacing and/or depth of the columns

	Submission Details
	Details of the variation and the proposed corrective action must be submitted to the Principal prior to installation of the columns continuing.


[bookmark: _Toc215575279][bookmark: _Toc215827680]Column Construction Sequence
The CIC must be constructed in a sequence that:
1. minimises ground and/or column heave;
1. minimises lateral movement; and
1. does not damage adjacent structures (including utilities) and previously constructed columns.
[bookmark: _Hlk213912386]Where columns are to be constructed adjacent to an existing structure, the construction must commence with the columns closest to that structure and progressively work away from the structure.
[bookmark: _Ref199760658]The distance between a newly constructed column and an adjacent column cast within the previous 24 hours must be greater than double the design column spacing (measured centre to centre). However, the Contractor may submit a proposal to the Principal to change this minimum distance based on the findings of the Trial Column construction.
[bookmark: _Toc215575280][bookmark: _Toc215827681]Ground or Column Heave
The maximum allowable ground or column heave from the CIC construction is 25 mm, provided that at this amount of heave, no damage occurs to the adjacent structures or previously constructed columns. This limit must be reduced if there are signs of damage to adjacent structures or columns. If the 25 mm limit (or a reduced limit) is exceeded, the construction methodology/sequence must be revised and an updated Quality Plan submitted to the Principal.
[bookmark: _Ref213331550][bookmark: _Ref213331968][bookmark: _Toc215575281][bookmark: _Toc215827682]Drilling, Concreting and Reinforcement Installation
[bookmark: _Toc215575282][bookmark: _Toc215827683]Augering
If shaft extensions are required to achieve the required depths, the extensions must be preassembled into one length of auger prior to commencing the drilling to avoid any interruption during augering. The auger stem must be dry prior to joining the extensions.
During augering, the rate of penetration must be as uniform as possible and not delayed. The Installation Parameters specified in Clause 10.24 must be monitored and recorded.
To ensure that the toe sealing device does not become detached and the auger stem remains watertight, the auger stem must not be lifted at any stage during augering.
Columns must not be left partially bored.
The founding level and length of each CIC must conform to Deign Documentation (including any additional 0.5 m depth as required under Clause 9.4 as guided by the Installation Parameters registered by the on-board computers.
[bookmark: _Toc215575283][bookmark: _Toc215827684]Pre-Boring
[bookmark: _Ref213231444][bookmark: _Ref215038496]Where an obstruction overlies compressible soil, pre-boring to clear that obstruction and facilitate the construction of the CIC may be used. The depth of pre-boring must not extend past the obstruction and into the underlying compressible soi by more than 300 mm.
[bookmark: _Ref213752675]The Principal must be notified immediately if the use of pre-boring becomes necessary.
	HOLD POINT 5

	Process Held
	Pre-boring for Trial Columns or Production Columns (where required)

	Submission Details
	Details of the proposed method and depth of pre-boring, including methods to remove spoil material from GIA to prevent contamination of the holes, prevent surface water ingress, and ensure safety to site personnel, must be submitted to the Principal at least 5 working days prior to commencement.


Any pre-bored holes must be promptly covered to prevent surface water ingress and to ensure the safety of personnel traversing the site.
If the CIC reaches refusal before achieving the target depth for reasons other than an obstruction described by Clause 10.6, the Principal must be notified immediately. Unless directed otherwise by the Principal, a new CIC must be installed within a 1.0 m radius of the CIC that reached refusal.
[bookmark: _Toc215575284][bookmark: _Toc215827685]Concreting/Auger Extraction
The length of concrete supply line hose must be kept to the minimum practicable. All joints must be inspected and cleaned regularly to ensure that the concrete supply line, and auger stem, are watertight to prevent any leakage during concreting.
Prior to augering the first CIC of the day, the line must be primed with a cement/water mix or equivalent and concrete must be pumped through the full length of the line.
Prior to the discharge of concrete:
1. the concrete delivery docket must be checked to verify that the specified concrete has been delivered; and
1. the concrete mix must be visually checked and a slump test must be carried out in accordance with ATS 5335.
Concrete must be placed:
1. as soon as practicable after the completion of augering; 
1. in a continuous manner to form a monolithic column shaft that is free of soil, other debris and or segregated concrete; and
1. while the auger is rotating at the rate of extraction as determined from Trial Columns throughout the entire concreted length.
Moulded cylinder samples of concrete must be made at the frequency in accordance with Table 14.1 for 28 day compressive strength. 
Extraction of the auger must be smooth without jerks, whilst maintaining a positive concrete oversupply of not less than 5%, in accordance with the requirements of AS 2159.
During auger extraction, if the concrete oversupply drops to zero or below, the Contractor must:
0. record the depth at which it occurred; 
stop the extraction;
immediately re-auger to 500 mm below that depth; and 
then recommence extraction and concreting.
Concrete pumping must continue until the auger tip rises to at least 300 mm above the ground level to ensure that contamination of concrete, such as inclusions of soil or other debris within the concrete mass, does not occur.
[bookmark: _Toc215575285][bookmark: _Toc215827686]Steel Reinforcement Placement
Where steel reinforcement is specified in the Design Documentation, the reinforcing bar(s) or cage must be placed in the CIC within one hour from completion of its concreting.
The reinforcement bars/cages must be checked prior to placement to ensure that they are clean and straight.
Suitable spacers must be attached to the reinforcement cage at locations and at intervals not exceeding 3 m to maintain the specified minimum concrete cover.
Where the steel reinforcement comprises only a single central steel bar, the installed bar must not deviate by more than 75 mm from the centre of the column.
All spoil from around the newly concreted column must be removed before inserting reinforcement into the newly concreted column.
Bars may be inserted into the concrete by hand or mechanical means, supplemented by the use of vibrators where required. Bars must be kept vertical during insertion.
The reinforcement must be secured in position until the concrete hardens. Any projection of the steel reinforcement above the specified cut-off level must be cut off or otherwise removed.
[bookmark: _Toc215575286][bookmark: _Toc215827687]Construction Records
[bookmark: _Ref198828427]As a minimum, the Contractor must record the following for each Trial Column and Production Column:
Before commencement of each CIC
0. date and start/finish time of construction;
0. column reference number and diameter;
0. working platform and ground levels (Australian Height Datum);
0. operator and supervisor details;
0. plant details;
0. mix identification of concrete used;
During augering
continuous log of penetration rate (m/sec);
continuous log of drilling rate (mm/rev);
continuous log of drilling torque (% of maximum available);
continuous log of downward force (‘crowd force’) (kN);
During concreting/auger extraction
continuous log of auger extraction rate (m/sec);
continuous log of concreting pressure (bar);
log of concrete oversupply levels at 0.1 m intervals (%);
log of volume of concrete injected at 0.1 m intervals (m3);
On completion of concreting
total concrete volume used and theoretical volume (m3);
details of steel reinforcement installed if any, including length and depth;
column verticality, positional and dimensional values (i.e. log of column diameter with depth) achieved;
toe level;
any other records, such as records of any incidents during construction of the CIC.
The Contractor must submit the construction records for each column to the Principal within 2 working days of completion of that column.
[bookmark: _Ref213331925][bookmark: _Toc215575287][bookmark: _Toc215827688]Trial Columns
[bookmark: _Toc215575288][bookmark: _Toc215827689]General
The Contractor must construct Trial Columns to determine and verify:
0. the appropriate method of construction, including use of pre-boring where necessary;
the adequacy of the construction methodology to comply with this Specification;
the Installation Parameters; 
the construction sequence of the Production Columns; 
compliance with limitations on ground or column heave; and
compliance with the geometric tolerances specified in Clause 14.
[bookmark: _Ref199760702]The Trial Columns must be constructed in accordance with Clause 10, using the approved concrete mix and the Installation Parameters set out in the Quality Plan. If, as a result of the construction of the Trial Columns, the concrete mix, equipment and/or Installation Parameters are modified prior to construction of the Production Columns, the Quality Plan must be revised accordingly and resubmitted to the Principal. 
The Contractor must determine the number and location of Trial Columns required for each GIA, taking into consideration the equipment type, installation methods and the Site conditions. 
[bookmark: _Ref213332040]The number of Trial Columns must not be less than that stated in the Design Documentation or if nothing is specified, not less than 16 for each GIA. The Trial Columns selected must be in group(s) of 16 columns arranged inside a square as a 4 x 4 matrix.
	HOLD POINT 6

	Process Held
	Construction of first Trial Column of each GIA

	Submission Details
	Details of the proposed concrete mix, Installation Parameters, location of the trial column and any other details not previously included in the Quality Plan must be submitted to the Principal at least 10 working days prior to the construction of the Trial Columns.



	[bookmark: _Hlk111044146]WITNESS POINT 1

	Process 
	Construction of subsequent trial columns, after the first trial column in each GIA

	Notification
	At least one working day (not less than 24 hours) prior to the commencement of construction of each Trial Column.


[bookmark: _Toc215575289][bookmark: _Toc215827690]Testing of Trial Columns
[bookmark: _Ref198715028][bookmark: _Ref198715036][bookmark: _Hlk199427667]The Contractor must test the Trial Columns in accordance with Table 11.5 and Clause 13.
Table 11.5:	Testing of Trial Columns
	Type of test
	Minimum test frequency

	Slump
	In accordance with ATS 5335.

	Compressive strength from moulded cylinders in accordance with AS 1012.8.1 and AS 1012 (1)
	2 pairs at start of concreting day
2 pairs at end of concreting day

	Integrity testing (1)
	100% of the Trial Columns in each GIA


Note:
1. Each pair of moulded cylinders must be from a different batch.
Sampling and testing of the Trial Columns must be carried out in accordance with Clause 13 and verify that the columns comply with this Specification.
[bookmark: _Ref199760689]Following completion of testing for each GIA, a Trial Column Test Report containing the following details, as a minimum, must be prepared and submitted to the Principal:
0. Installation Parameters and sequence used in the construction of the Trial Columns;
monitoring records taken during construction for each of the Trial Columns;
results of the Trial Columns testing, and analysis and discussion of the results;
recommended Installation Parameters and construction sequence for Production Columns;
any revision to the Quality Plan; and
certification that the recommended Installation Parameters, equipment and procedures for construction of the Production Columns will be suitable to meet the specified design requirements.
[bookmark: _Toc215575290][bookmark: _Toc215827691][bookmark: _Ref213231189]Acceptance of Trial Columns
Trial Columns satisfying the conformity requirements in Clause 14 may be accepted by the Principal as production columns.
[bookmark: _Ref213924929][bookmark: _Toc215575291][bookmark: _Toc215827692]Production Columns
[bookmark: _Ref213918465]Following testing and acceptance of the Trial Columns in accordance with Clause 11, the Production Columns must be installed using the same Installation Parameters, sequence of construction, material, equipment, and plant used for the Trial Columns. 
	[bookmark: _Hlk199759139]HOLD POINT 7

	Process Held
	Construction of first Production Column of each GIA

	Submission Details
	The Trial Column Test Report and any amendments to the construction program must be submitted to the Principal at least 7 working days prior to the construction of Production Columns.


[bookmark: _Ref213919159]The Principal must be notified immediately of any variations in diameter, spacing or depth of the columns arising from site conditions which have not been anticipated in the design, in which case, corrective actions as required must be implemented and the Quality Plan amended accordingly.
	WITNESS POINT 2

	Process 
	Construction of subsequent Production Columns after the first column in each GIA

	Notification
	Notification of the time and location of the column construction, at least one working day (not less than 24 hours) prior to commencing


[bookmark: _Ref198568116][bookmark: _Toc215575292][bookmark: _Toc215827693]Testing of the CIC
[bookmark: _Toc215575293][bookmark: _Toc215827694]General
[bookmark: _Ref198710166]The Quality Plan must include:
1. details of the testing organisation and names, qualifications and experience of the personnel undertaking the testing; and
1. procedures for preparation and undertaking the testing. 
Testing of the CIC must be carried out in accordance with this Clause 13.
The Contractor may submit a proposal to the Principal to use alternative methods of sample recovery and in-situ testing of columns. Alternative sample recovery methods must be capable of obtaining an undisturbed sample of sufficient diameter and length for the proposed testing. The Principal is under no obligation to accept any such proposal.
The selection of columns and samples to be tested must be in accordance with this Specification or as directed by the Principal. 
All test results must be submitted to the Principal within 48 hours of completion of the test.
All test holes must be filled with cementitious grout at the completion of testing.
[bookmark: _Toc215575294][bookmark: _Toc215827695]Compressive Strength – Cylinders
Concrete cylinder samples must be prepared, cured and tested in accordance with AS 1012.8.1 and AS 1012.9 to demonstrate that the concrete has achieved the specified 28-day compressive strength.
[bookmark: _Toc215575295][bookmark: _Toc215827696]Compressive Strength – Cores
[bookmark: _Ref198565906]The concrete compressive strength must be determined using the following process:
0. carry out full depth coring of the columns in accordance with AS 1012.14 or other approved in-situ sampling method at between 7 and 14 days after the CIC construction;
from the recovered core, take 3 sets of samples, with each set comprising a pair of test cylinders, at random locations within the core or at locations selected by the Principal;
if approved by the Principal, the number of sets of samples may be reduced in instances where the length of intact core samples retrieved is limited;
prepare, store and cure the samples in accordance with AS 1012.14;
for all of the samples taken, test one set in accordance with AS 1012.14 at 28 days age;
one of the remaining 2 sets may be tested at an earlier age; and
store the remaining set(s) of samples and the remainder of the core under the same humid environment as that specified above until conformity with the 28-day strength is verified, or use them for further testing if required. If requested, provide any remaining samples to the Principal.
In addition to compressive strength testing, the cores must be used to check the quality of the placed concrete in the column (e.g. presence of voids/honeycombing) and to check that the column verticality is within the tolerance specified in Clause 14.
Following the completion of testing, all core holes must be promptly filled with cement grout with strength equivalent to the concrete. 
[bookmark: _Toc215575296][bookmark: _Toc215827697]Integrity Testing
[bookmark: _Ref198562696]Where the Principal has in place a scheme of registered or approved of suppliers/systems for undertaking integrity testing, integrity testing of piles must be carried out by a registered or approved supplier/system.
[bookmark: _Ref198566731]If the method of integrity testing is not specified in the Design Documentation, integrity testing must be carried out using low strain pulse echo (PE) method in accordance with AS 2159 Appendix D3. The CIC to be tested using the PE method must not exceed the maximum column length to diameter (L-D) ratio shown in Table 13.12.
[bookmark: _Ref215573432]Table 13.12:	Maximum L-D ration for integrity testing using PE method
	Soil type and consistency (1, 2)
	Maximum L-D ratio

	Soft to very soft clayey soil, loose to very loose sandy soil
	50

	Firm clayey soil, medium dense sandy soil
	40


Notes:
1. The specified values applies only if the soil material through which the column passes from cut-off level to toe level is uniform.
For non-uniform material with interbedded stiff/very stiff/dense/very dense soil, the L-D ratio may be smaller than those values shown in the table. The Principal may approve an alternative L-D taking into account the relative stiffness of soil types at various layers.
The Contractor may submit a proposal to the Principal to use high strain dynamic methods for integrity testing in lieu of the PE method or to conduct static load testing. If static load testing is undertaken, the testing (including column top preparation) must be carried out in accordance with Appendix A of AS 2159.
The high-strain dynamic test may only be used for columns that are reinforced and have a suitably prepared column head in accordance with Appendix B of AS 2159.
The methods adopted for integrity testing must be capable of testing the full length of the column, with the stress wave generated during the test capable of reaching the toe of the column.
[bookmark: _Toc215575297][bookmark: _Toc215827698]Static Load Testing
[bookmark: _Ref213329812]If static load testing is specified for integrity testing in the Design Documentation, the testing must be carried out in accordance with Appendix A of AS 2159.
[bookmark: _Toc215575298][bookmark: _Toc215827699]Visual Examination
[bookmark: _Ref198564389]In the event that the integrity test results for a GIA fail to satisfy the acceptance criterion specified in Clause 14, the Contractor must expose 1% of the cracked columns, with a minimum of 2, by excavating to a minimum depth of 4 m below surface of the working platform around the column for a visual inspection.
	WITNESS POINT 3

	Process 
	Visual examination of non-conforming columns

	Notification
	At least one working day (not less than 24 hours) prior to the examination


[bookmark: _Toc215575299][bookmark: _Toc215827700]Further Testing
[bookmark: _Ref213329836]In the event that the integrity testing and subsequent visual examination fail to satisfy the acceptance criteria specified in Clause 14, the Contractor may submit a proposal to the Principal to carry out further:
0. integrity testing in accordance with Clause 13.12 at frequency of 10% of the untested columns in each GIA; and/or
high strain dynamic or static load testing at a frequency of 10% of defective columns, as determined from integrity testing, with a minimum of 4, to check the column capacity at serviceability limit state (i.e. Ps in Clause 8.3.3 of AS 2159).
The Principal is under no obligation to accept any such proposal.
[bookmark: _Ref198821991][bookmark: _Toc215575300][bookmark: _Toc215827701]Conformity Requirements
[bookmark: _Ref213323340][bookmark: _Ref198559664][bookmark: _Ref198559678][bookmark: _Hlk199431421]The Production Columns must be tested at the frequency specified in Table 14.1 to demonstrate that the columns comply with the acceptance criteria specified in Table 14.1.
[bookmark: _Ref215574177]Table 14.1:	Acceptance criteria for CIC
	Attribute 
	Test method
	Test frequency
	Acceptance criteria

	Geometrics

	Plan Position

	Survey (1)
	Each column
	The deviation of the column centre from its design plan position does not exceed 75 mm in any horizontal direction, measured at the column cut-off level.

	Verticality

	Survey (1)
	Each column
	The deviation from the vertical at any level of CIC at any stage of the construction does not exceed 1:100 (H:V).

	Concrete 

	Slump
	Refer ATS 5335
	Refer ATS 5335
	Refer ATS 5335

	Compressive Strength – determined from moulded cylinders (2)
	AS 1012.8.1 and AS 1012.9
	2 pairs of cylinders at start of concreting day
2 pairs of cylinders at end of concreting day
	Average of the test results from the pair of cylinders
≥ specified 28-day compressive strength

	Compressive Strength – determined from cores

	Refer to Clause 13.8
	For each GIA, test 1% of the columns, with a minimum of 2 columns to be tested.
From the recovered core, take 3 sets of samples, with each set comprising a pair of test cylinders.
	Not more than 10% of the test results fall below the specified 28-day compressive strength, provided that all test results are ≥ 75% of the 28-day compressive strength.

	Integrity testing

	Columns supporting embankments and flexible retaining walls.
Examples of flexible retaining walls include reinforced soil wall and gabion wall.
	Refer to Clause 13.12
	10% of columns in each GIA
	At least 75% of the tested columns in each GIA are free from cracking or any other defects. (3)


	Columns supporting rigid retaining walls.
Example of rigid retaining walls include L-shaped reinforced concrete retaining wall.
	Refer to Clause 13.12

	20% of columns in each GIA
	At least 90% of the tested columns in each GIA are free from cracking or any other defects. (2)


	Further testing

	Visual Examination where required – refer to Clause 13.17.
	Refer to Clause 13.17

	1% of cracked columns, with a minimum of two in each GIA
	No diagonal cracks or discontinuities visible.

	Dynamic or static load testing:
If specified in the Design Documentation or further testing is undertaken – refer to Clause 13.16 and Clause 13.18.
	Appendix A of AS 2159 –
refer to Clause 13.16
	Refer to Design Documentation or in accordance with Clause 13.18.
	The geotechnical and structural capacities of the tested columns are greater than the design load at serviceability limit state shown on the Design Documentation.


Note:
1. Survey must be carried out in accordance with the requirements included in the Contract documents.
1. Each pair of moulded cylinders must be from a different batch.
1. These percentages are applicable only if the Contractor also provides evidence that such percentage of defective columns will not compromise the design intent.
For columns which do not meet the acceptance criteria, the Contractor may submit a proposal to the Principal to carry out further testing of the columns, including different types of tests on previously tested columns, and tests on untested columns, or demonstrate that the nonconformity will not compromise the design intent of the CIC or carry out remedial measures. The Principal is under no obligation to accept any such proposal.
[bookmark: _Ref198719655][bookmark: _Toc215575301][bookmark: _Toc215827702][bookmark: _Hlk199430495]Completion of the CIC
[bookmark: _Ref199760148]Following completion of construction and testing of the Production Columns, the Contractor must:
1. prepare a Completion Report which includes:
all construction records;
the results of all tests carried out on the Production Columns;
evidence that any non-conforming work has been satisfactorily rectified; and
1. provide certification that the Production Columns conform to the requirements of this Specification and the Design Documentation.
	[bookmark: _Ref198719606]HOLD POINT 8

	Process Held
	Construction of load transfer platform

	Submission Details
	The Completion Report and certification of conformity of the Production Columns must be submitted to the Principal at least 5 working days prior to the construction of any Works above the CIC, including the Contractor’s LTP design (where applicable).


[bookmark: _Ref199760851][bookmark: _Toc215575302][bookmark: _Toc215827703]Load Transfer Platform
[bookmark: _Hlk198719184]Unless specified otherwise in the Contract documents, following the completion of the Production Columns, a load transfer platform (LTP) must be constructed in accordance with the Design Documentation (refer to Clause 5.2 and Clause 5.3). The purpose of the LTP is to transfer the load from the embankment onto the columns and to control bending of the columns due to excessive ground lateral movement.
Placement of the high strength geosynthetic reinforcement and selected material within the LTP must comply with ATS 2170.
[bookmark: _Toc26182495][bookmark: _Toc215575303][bookmark: _Toc215827704]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
	
	
	Quality Plan and program of work

	‎4.2
	1. Installation of CIC
	
	

	6.1
	2. Production of concrete
	
	Concrete mix design (and assessment of ground exposure classification, if applicable)

	‎8.4
	3. Establishment of the installation rig
	
	Certification from a Professional Engineer 

	9.5
	4. Construction of the Production Columns where there is a variation in diameter, spacing and/or depth of the columns
	
	Details of the variation and the proposed corrective action

	10.7
	5. Pre-boring for Trial Columns or Production Columns (where required)
	
	Details of the proposed method and depth of pre-boring

	11.4
	6. Construction of first Trial Column of each GIA
	
	Details of the proposed concrete mix, Installation Parameters, location of the trial column and any other details

	11.4
	
	1.	Construction of each Trial Column
	

	12.1
	7. Construction of the Production Columns
	
	Trial Column Test Report

	12.2
	
	2.	Construction of each Production Column
	

	13.17
	
	3.	Visual examination of non-conforming columns
	

	15.1
	8. Construction of load transfer platform
	
	Completion Report






[bookmark: _Toc215827705]Amendment Record
	Edition no.
	Clauses amended
	Action
	Date

	1.0
	New specification
	New
	December 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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