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[bookmark: _Toc148187475]Scope
[bookmark: _Toc514678946][bookmark: _Toc886733][bookmark: _Toc886732]Austroads Technical Specification ATS 5327 sets out the requirements for the post-tensioning of concrete bridge elements, including supply of System Components, installation, stressing, grouting and corrosion protection of post-tensioning systems. It applies to post-tensioned internal and external prestressing tendons.
This Specification does not cover post-tensioning systems comprising of ungrouted internal tendons or stay cables.
[bookmark: _Toc148187476]Referenced Documents
The following documents are referenced in this specification:
	Australian / New Zealand Standards
AS/NZS 1314	Prestressing Anchorages
AS 1349	Bourdon tube pressure and vacuum gauges
AS/NZS 2041.4	Buried corrugated metal structures: helically formed sinusoidal pipes
AS/NZS 2312	Guide to the protection of structural steel against atmospheric corrosion by the use of protective coatings
AS 3678 	Structural steel - Hot-rolled plates, floorplates and slabs
AS 4131	Polyethylene (PE) compounds for pressure pipes and fittings
AS 4672.1	Steel prestressing materials – General Requirements
AS/NZS 4672.2	Steel prestressing materials – Testing Requirements
AS/NZS 4680	Hot-dip galvanized (zinc) coatings on fabricated ferrous articles
AS 5100	Bridge Design
AS/NZS ISO 9001	Quality management systems – Requirements

	Austroads
ATS 5305	Formwork for Concrete
ATS 5315	Supply of Special Class Concrete
ATS 5316	Cementitious Mortar and Grout
ATS 5320	Placement of Concrete
ATS 5325	Precast Concrete Members
ATS 5326	Pretensioned Concrete Members

	ASTM International
ASTM B117 	Standard Practice for Operating Salt Spray (Fog) Apparatus
ASTM D92 	Standard Test Method for Flash and Fire Points by Cleveland Open Cup Tester
ASTM D95	Standard Test Method for Water in Petroleum Products and Bituminous Materials by Distillation
ASTM D127-05	Standard Test Method for Drop Meting Point of Petroleum Wax, including Petrolatum
ASTM D217	Standard Test Methods for Cone Penetration of Lubricating Grease
ASTM D445-17a	Standard Test Method for Kinematic Viscosity of Transparent and Opaque Liquids (and Calculation of Dynamic viscosity)
ASTM D512	Standard Test Methods for Chloride Ion In Water
ASTM D638	Standard Test Method for Tensile Properties of Plastics
ASTM D792	Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics by Displacement
ASTM D1784	Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) Compounds and Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds
ASTM D2262	Test Method for Tearing Strength of Woven Fabrics by the Tongue (Single Rip) Method (Constant-Rate-of-Traverse Tensile Testing Machine)
ASTM D3867	Standard Test Methods for Nitrite-Nitrate in Water
ASTM D4287	Standard Test Method for High-Shear Viscosity Using a Cone/Plate Viscometer
ASTM D4658	Standard Test Method for Sulfide Ion in Water
ASTM D6184 	Standard Test Method for Oil Separation from Lubricating Grease (Conical Sieve Method)

	Transport for NSW
TS 01739	Approval of Post-Tensioning Systems

	Queensland Department of Transport and Main Roads
TN25	Technical Note 25 Post Tensioning Anchorage Approval

	American Concrete Institute
ACI 423.7-14	Specification for Unbonded Single-Strand Tendon Materials

	Post-Tensioning Institute
PTI M50.3-10	Specification for Multistrand and Grouted Post-Tensioning
PTI M10.2-17	Specification for Unbonded Single Strand Tendons

	Federation International du Beton 
Fib Bulletin 7	Corrugated Plastic Duct for Internal Bonded Post-tensioning
Fib Bulletin 75	Polymer-duct Systems for Internal Bonded Post-tensioning


[bookmark: _Toc148187477]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 set out in AS 5100, the following definitions apply to this Specification:
	[bookmark: _Hlk38459889]Critical Post-Tensioning Activity:
	The activities listed in Clause 6.4.

	Design Elongation:
	Tendon elongation at the jacking end(s) stated on the Drawings.

	Design Jacking Force:
	Tendon force at the jack stated on the Drawings, based on the design parameters stated thereon

	Measured Elongation:
	Actual tendon elongation at the jacking system measured at the nominated jacking force.

	Nominated Draw-In:
	Inward movement of the tendon due to anchorage draw-in when the post-tensioning force is transferred from the jack, assessed by lift off testing during approval process of the post-tensioning system.

	Nominated Elongation:
	Corrected tendon elongation estimate (including for tendon area, E value, and system specific losses) at the jack nominated by the Contractor corresponding to the nominated jacking force.

	Nominated Gauge Pressure:
	Gauge pressure at the jack nominated by the Contractor corresponding to the nominated jacking force, determined via calibration.

	Nominated Jacking Force:
	Tendon force at the jack nominated by the Contractor, based on the design jacking force adjusted for actual tendon and post-tensioning system properties and parameters, including allowances for losses in addition to and where different to those stated on the Drawings.

	Principal’s Registration Scheme:
	Any scheme for the prequalification, registration or approval of products, manufacturers, suppliers and/or Professional Engineers in operation in the jurisdiction where the concrete is to be placed.

	Professional Engineer:	

	A person who:
a) has at least 5 years of relevant experience in the design, manufacture or construction (as appropriate) of post-tensioned structures;
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: 
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)

	System Component:
	Includes anchorages, grout, tendons (wire, strand or bar complying with AS 4672.1), ducts, couplers, swages and button-heads.


[bookmark: _Toc514678947][bookmark: _Toc886734][bookmark: _Toc148187478]Quality System Requirements
[bookmark: _Ref9599800][bookmark: _Ref38531371][bookmark: _Ref23162668]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

	4.2
	Evidence of certification to AS/NZS ISO 9001

	5.1
	Safety procedures / instructions (unless included in the Contractor’s Safety Plan)

	6.3
	Details of the training, experience and number of the senior personnel undertaking prestressing activities, including the Post-tensioning Supervisor.

	7.1
	[bookmark: _Hlk38519994]Details of System Components

	8.10
	Shop drawings of external tendons

	9.1
	Procedures / instructions for installation of void formers, ducts and other System Components.

	10.1
	Procedures / instructions for Fabrication and placing of tendons:

	11.7
	Method of preventing damage to ducts during concreting.

	12.11
	Name, qualifications and experience of the Professional Engineer

	13.1
	Procedures / instructions for Tensioning of Tendons

	14.1
	Procedures / instructions for Grouting of tendons:



	[bookmark: _Hlk9589851][bookmark: _Hlk38372611]HOLD POINT 1.

	Process Held
	Commencement of post-tensioning.

	Submission Details
	[bookmark: _Hlk3530642]The Quality Plan must be submitted to the Principal at least 15 working days prior to the commencement of post-tensioning.


[bookmark: _Ref94518035][bookmark: _Ref108070883][bookmark: _Ref39134940][bookmark: _Toc29489164][bookmark: _Toc1138829][bookmark: _Toc9850016][bookmark: _Hlk9434043]Post-tensioning must take place under a Quality Management System which is certified as complying with AS/NZS ISO 9001 by an organisation which is accredited by JAS-ANZ.
[bookmark: _Toc148187479]Safety
[bookmark: _Ref71034530]Further to its obligations specified elsewhere in the Contract documents and under the applicable Work Health and Safety Legislation to ensure the safety of all persons in the vicinity of the stressing operations, the Contractor must:
establish no go zones with suitable barricades to prevent the entry of unauthorised persons into the hazard zone around and behind the jacking equipment;
ensure that jacking and other site personnel do not enter the danger zone close to the line of the tendons while stressing is in progress;
display warning signs that conform to AS 1319 at both ends of the member being tensioned; and
ensure that the jack has a suspension or support system to prevent the jack from falling during stressing operations. 
Unless included in the Contractor’s Safety Plan, details of how the Contractor will address the requirements of Clause 5.1 must be included in the Quality Plan.
[bookmark: _Ref38459921][bookmark: _Toc148187480]Personnel 
The Contractor must:
1. ensure that all personnel are suitably experienced, trained and qualified for the work that they are undertaking and familiar with the system in use; and
ensure that a Post-tensioning Supervisor is appointed to undertake the supervision activities and provide certification as required under this Specification.
The Post-Tensioning Supervisor must have at least 5 years of experience in undertaking
post-tensioning and where applicable, be included on the Principal’s list of acceptable Post-Tensioning Supervisors.
[bookmark: _Ref94519933]The Quality Plan must include details of the qualifications and experience of the Post-tensioning Supervisor and other key personnel.
[bookmark: _Ref100152329]The Post-Tensioning Supervisor must personally supervise the following activities (‘Critical Post-Tensioning Activities’):
1. vibration during placement of concrete around all anchorages and grout vents (refer to Clause 11.2); 
stressing (refer to Clause 13.2);
air testing of ducts (refer to Clause 14.4); and 
grouting (refer to Clause 14.12).
The Post-Tensioning Supervisor must certify to the Principal, on behalf of the Contractor, that the following work conforms to the requirements of this Specification:
1. [bookmark: _Hlk100152400]placing and fixing ducts, void formers and anchorages (refer to Clause 9);
1. installation of tendons (refer to Clause 10);
1. concreting (refer to Clause 11);
1. preparing for stressing, including clearing of ducts and cleaning of tendons and anchorages (refer to Clause 12);
1. stressing (refer to Clause 13);
1. air testing and grouting (refer to Clause 14); and
1. protection of anchorages (refer to Clause 13).
1. Manufacture And Supply Of Post-Tensioning System Components
[bookmark: _Toc148187481]Supply of Post-Tensioning System Components 
[bookmark: _Toc148187482][bookmark: _Ref15996048]General
[bookmark: _Ref94522492]The Quality Plan must include:
1. Details of suppliers and subcontractors and evidence that they meet the requirements of this Specification;
Details of System Components, including test results demonstrating compliance with this Specification;
Procedure for ensuring that only System Components which have been certified as complying with this Specification and/or the specified standard are delivered and used in the Works; and
If external prestressing is used, details of the protective treatment applied to the tendons and evidence that it will achieve the design life of the structure.
Cast‑in‑place concrete for post‑tensioned construction must comply with the requirements of ATS 5315 and ATS 5320. Precast members and pretensioned members for post-tensioned construction must also comply with ATS 5325 and ATS 5326 respectively.
A System Components must be provided by a supplier who is certified to AS/NZS ISO 9001 by an organisation accredited by the Joint Accreditation System of Australia and New Zealand (JAS-ANZ).
All sampling and testing specified in this Contract must be performed by a laboratory that:
1. [bookmark: _Hlk55315762]is accredited for the test method to meet the requirements of AS ISO/IEC 17025; and
1. complies with the resource requirements for competent testing personnel and appropriate supervision as required by AS ISO/IEC 17025.
[bookmark: _Hlk55315832][bookmark: _Hlk55315872]The laboratory’s accreditation body must be a signatory to the International Laboratory Accreditation Cooperation Mutual Recognition Arrangement (ILAC MRA) for testing laboratories.  The National Association of Testing Authorities (NATA) and International Accreditation New Zealand (IANZ) are signatories to the ILAC MRA.
The appropriate logo or further details of the ILAC MRA signatory must be noted on the test document, and all reporting requirements of the test method and material standard must be included.  All test reports must be in English alphanumeric characters.
The manufacturer of the steel prestressing materials must hold a valid certificate of approval of product compliance to AS 4672.1 issued by the Australasian Certification Authority for Reinforcing Steel (ACRS). Refer to http://www.acrs.net.au. 
Where a Principal’s Registration Scheme is in place for the supply of System Components, and/or post-tensioning systems, the System Components and/or systems must comply with that scheme for post-tensioning carried out in that jurisdiction. For post-tensioning carried out in Queensland, the anchorages must be a registered product (refer to https://www.tmr.qld.gov.au/business-industry/business-with-us/approved-products-and-suppliers/bridges-and-other-structures-approved-products-and-suppliers and TN 25). For post-tensioning carried out in NSW, the system must be approved (refer to TS 01621 and TS 01739, available from the TfNSW Standards Portal standards.transport.nsw.gov.au)
Any System Component which is damaged or otherwise non-conforming must not be used in the Works.
[bookmark: _Toc148187483]Traceability of Materials
Wire, strand, bars and anchorages must be labelled in accordance with the requirements of AS 4672.1 or AS/NZS 1314 (as applicable).
Individual lengths of wire, strand or bar must be readily identifiable on Site and be traceable by reference to a plan or drawing from the point of manufacture of coils to their final location by a unique identification number which also identifies the Lot number.
Anchorages must be traceable from the place of manufacture to their final location by a unique identification number.
[bookmark: _Toc148187484]Ducts
Ducts and removable formers used to form ducts must be of a type suitable for the nominated post‑tensioning system and must be sufficiently rigid to withstand the placing and compaction of the concrete without suffering damage or deformation. The friction coefficient between the duct and the tendon must not be higher than 0.20, unless otherwise shown on the Drawings. Ducts must be a non-corroding system with sufficient strength to withstand damaging effects from construction process.
The duct and any splices must be sealed to resist the entry of grout. All splices, joints, couplings, and connections to duct and anchorages must be made with devices or methods (mechanical couplers, plastic sleeves, heat-shrink sleeve) which produce a smooth interior alignment without lips or kinks. All connections and fittings must be designed to be concrete-paste tight. When installed and cast into concrete prior to prestressing steel installation, fittings and connections must be capable of withstanding 3 metres of concrete fluid pressure. When used with preinstalled prestressing steel, prior to concreting, fittings and gaskets must be capable of withstanding 1.5 m of concrete fluid pressure. All connections and fittings must be airtight and watertight. Tape sealed connections must not be used where:
1. tendons are electrically isolated;
1. the exposure classification is B2 or above;
1. durability requirements mandate the non-corroding ducts and anchorage system to be fully encapsulating the full length of the tendon and effectively sealed against the ingress of moisture and aggressive agents; or
1. the sealing requirements for the fluid pressure are not met.
Enlarged portions of the duct at couplings or anchorages must be of sufficient length to provide for the extension of the tendons.
Vents, with plug valves, must be provided at intervals not greater than 10 metres along the duct. Additional vents with plug valves must be provided at high and low points in the duct.
External and internal duct surfaces must be kept free from loose rust, oil, grease, tar, paint, mud or any other harmful substances that might impair the bond between the duct and the concrete or grout, contaminate the tendons or alter the co‑efficient of friction of the duct.
Care must be taken to ensure that the duct is not damaged or kinked.  
Steel duct must have a corrugated profile, be galvanized and comply with AS/NZS 2041.4.
If corrugated plastic duct is used, the system, components and accessories must either:
1. meet the requirements of Fib Bulletin 7, Sections 4.1.1 to 4.1.8; 
1. be tested in accordance wwith Fib Bulletin 75, Sections 6.1 to 6.10; or
1. be classification PE 100 to AS 4131.
[bookmark: _Toc148187485]Tendons
Tendons must comply with AS 4672.1 and be tested in accordance with AS/NZS 4672.2. High tensile steel wires and strands for use in post-tensioning must:
1. be relaxation class Relax 2; and
1. be tested for compliance with the requirements for relaxation class Relax 2 with an initial load of 70% to 80% of the specified minimum breaking force.
Relaxation testing may be carried on strand which is representative of that to be used in the Works (i.e., the same type of material from the same production facility), provided that the testing has been carried within 12 months of the incorporation of the material into the Works.
High tensile steel wires or strands must be supplied in coils of sufficiently large diameter to ensure that the wires or strands are straight when unwound from the coil.
The Contractor must store samples of tendons taken from the site which are sufficient for audit testing.
Stressing bars must be in accordance with the Drawings. Unless a higher level of protection is specified in the Contract documents (such as thermal diffusion spray), anchor plates, nuts and washers must be hot dip galvanised to AS/NZS 4680.
Tendons must be free of loose mill scale, surface grease, dirt or any foreign matter likely to affect bonding and must not be exposed to stray heat from flame torches or welders at any stage.
Any loose rust must be removed from the tendons before use. Badly rusted or visibly pitted steel must not be used. A slight film of rust is acceptable. All foreign matter must be removed prior to installing the tendon. Tendons must not be allowed to come in contact with dirt, and must be kept on a specially prepared clean surface.
Kinked or damaged tendons must not be used and must be removed from the Site.
High tensile steel bars must be individually inspected for superficial tears, nicks, thread damage, roller marks or any other form of surface imperfection. A bar with surface imperfections that range up to 0.40 mm deep may be accepted provided that imperfections ranging from 0.15 mm to 0.40 mm in depth are filed smooth with a fine cut half round file. A bar with surface imperfections that exceed 0.40 mm in depth must be treated as non-conforming.
[bookmark: _Toc148187486]Anchorages
[bookmark: _Hlk38443276]Anchorages must comply with AS 1314 and this Specification.
The size and shape of anchorages or bearing plates must be sufficient to transfer anchor loads to the concrete without overstress, irrespective of whether the load is applied by the anchorage or the stressing jack.
A centring device or spigot for the anchor head must be provided so that the tendon force is applied uniformly on the anchor head and the bearing plate contact surface.
Spiral or other reinforcement specified by the manufacturer for use in conjunction with anchorage devices must be of the size and dimensions recommended by the manufacturer for the post‑tensioning system.
All steel components including threads must be protected from corrosion by greased wrappings or plugs until required for use.
25 mm minimum diameter grout holes must be provided at both anchorages and must be placed at the highest point of the anchorage.  Each of the grouting holes must be equipped with a plug valve or similar device capable of withstanding a pressure of 1.0 MPa without loss of water, air or grout.
The combined anchorage must be capable of being loaded in stages so that accurate elongation measurements can be taken without indeterminate losses between stages.
The loss of prestress at tendon locking off must comply with the specified system and design losses.
Unless specified otherwise in the Contract documents:
1. the steel for anchorage bearing plates must be Grade 250 or higher grade to AS 3678; and
1. the bearing stress at the contact surface between the anchor head and the bearing plate must not exceed 400 MPa.
Anchorage castings must be manufactured from Grade 250 steel (or higher grade) to AS 3678, unless it is specified in the Contract documents that Grade 400 Spheroidal Graphite Iron (SGI) is required. 
Any proposal by the Contractor to change to the materials and / or stresses specified in the Contract documents must include supporting calculations and experimental evidence demonstrating that an adequate factor of safety exists.
[bookmark: _Toc148187487]Couplers, Swaging and Button-heading
Couplers must not be used unless shown on the drawings. Where permitted, couplers must:
1. be approved products under any applicable Principal’s Registration Scheme; 
1. comply with AS/NZS 1314;
1. be designed to develop 100% of the specified minimum breaking load of the tendon; and 
1. pass gripping efficiency testing to AS/NZS 1314 to verify that they develop greater than 95% of the specified minimum breaking load for strand tendons, and greater than 100% for bar tendons. 
Swages and button-heads must develop not less than 95% of the specified minimum breaking load of the strand or wire. Onion head anchors for slab anchors must not be used. 
[bookmark: _Toc148187488]Grout 
Grout must comply with ATS 5316.
Live end anchorages must use system specific grouting caps that are pressure rated to a minimum 1.0 MPa capacity. Unless specified otherwise, these caps must be permanent,
non-metallic and suitably clamped to the anchor head or anchorage casting to achieve effective sealing.
[bookmark: _Toc148187489]Handling and Storage of System Components
[bookmark: _Hlk38521179]All System Components (whether made up or not) must be lifted, handled, transported and stored in a manner that does not damage the System Component. The System Components must be protected from deterioration due to exposure and contamination by dirt, mortar, loose rust, tar, paint, oil, or any other harmful substances. The System Components must be stored under a waterproof cover or shelter and supported above the surface of the ground. 
Each tendon must be effectively identified.
[bookmark: _Toc148187490]Certification of Conformity
The Contractor must submit the following to the Principal:
1. For all System Components incorporated into the Works, Certificates of Compliance which verify that each System Component complies with the requirements of this Specification; and
[bookmark: _Ref38531397]Full conformity records and all test results evidencing that the System Components comply with this Specification.
	HOLD POINT 2.

	Process Held
	Commencement of post tensioning.

	Submission Details
	Evidence verifying that the System Components comply with this Clause 7 must be submitted to the Principal at least 10 working days prior to the commencement of post-tensioning using that System Component.


[bookmark: _Toc148187491][bookmark: _Ref15469889][bookmark: _Hlk9598492]Provisions for External Prestressing 
[bookmark: _Toc148187492]General
External tendons must be replaceable.
Unless an alternative product has been nominated in the approved Quality Plan, external tendons must be encapsulated in smooth polyethylene plastic ducts with minimum wall thickness 1/17 of the outside diameter.
The duct design must account for creep rupture effects from the sustained circumferential stresses induced by pressure grouting, if applicable.
Where duct couplers are used, drip rings must be provided on the high side above the coupler to prevent water running along the duct into the coupled joint.
External tendons must be fitted with suitable connections at fixing points to allow easy replacement and installed with sufficient access and clearances to allow replacement and stressing.
One of the following forms of construction where external tendons pass through deviators, anchorage diaphragms and/or blisters must be adopted:
1. At deviators, one of the following:
Diabolo - the plastic duct is passed through a formed double conical hole (diabolo) in the deviator. Diabolos must be formed so that the plastic duct is not damaged by localised bearing stresses.
Steel pipe- the tendon is passed through a rigid steel pipe located in the deviator to which the plastic duct is coupled on both sides. The steel pipe is curved to a constant radius between tangent points located approximately 75 mm inside the concrete faces.  The steel pipe is extended at least 50 mm but not more than 300 mm beyond the concrete faces, following the tangential direction of the tendon. Where the steel pipe exits from the concrete, a rubber O-ring 50 mm wide and 10 mm thick is set into the concrete to prevent spalling of the concrete cover if the steel pipe is misaligned. Acceptable coupling systems include reinforced neoprene sleeves with stainless steel power seated band clamps and compression coupling with O-rings.
At anchorage diaphragms and blisters, one of the following:
1. Concrete bell mouth - the plastic duct is inserted and sealed into a straight rigid plastic or steel pipe extending from the cast-in anchorage to approximately 200 mm inside the exit face of the diaphragm or blister. A conical concrete bell mouth is provided at the exit face of the diaphragm or blister, ensuring that the distance from the face of the concrete to where the plastic duct contacts the concrete of the bell mouth is at least 20 mm.
Tube - the tendon is passed through a rigid steel or smooth plastic tube located in the anchorage diaphragm or blister to which the plastic duct is coupled on the exit side. The tube is extended at least 150 mm but not more than 300 mm beyond the concrete faces, following the tangential direction of the tendon. Where the tube exits from the concrete, a rubber O-ring 50 mm wide and 10 mm thick is set into the concrete to prevent spalling of the concrete cover if the tube is misaligned. The smooth plastic tube must have a minimum wall thickness 1/17 of the outside diameter.
Ducts must be positively connected to the steel or plastic sleeves at the diaphragms and deviators using connections strong enough to withstand site construction loads and conditions without damage.
To ensure continuity of the ducts for corrosion protection, all connections between steel pipes and plastic ducts, between length of plastic ducts, and between steel pipes and anchorages/couplers must be sealed with an air and watertight coupling system capable of sustaining testing and grouting pressures.
Duct tape must not be used for sealing these connections. Pipes must be hot-dip galvanised to AS 4680.
[bookmark: _Ref126055671]Detailed shop drawings of the external tendons must be included in the Quality Plan.
[bookmark: _Toc148187493]Protection of Ungrouted External Tendons and Anchorages
The mechanism of protection against deterioration of permanent System Components must remain effective for the design life of the structure. Any temporary tendons must be effectively protected against deterioration until the completion of construction.
Where ducts are ungrouted, the tendons must be galvanized or epoxy coated, or encapsulated in individual grease or wax filled polyethylene plastic sheathing. For galvanized or epoxy coated tendons comprising wire stands, the individual wires must have the same type of protective treatment. 
[bookmark: _Ref39128725]The grease or wax used for protection of tendons and/or anchorages must comply with the performance requirements of Table 8.13.
Table 8.13:	Performance Criteria for Post-Tensioning (PT) Coating
	Property
	Test Method (ASTM)
	Acceptance Criteria

	Dropping Point
	D2262
	≥ 149°C

	Oil Separation at 71°C
	D6184 modified (1)
	≤ 0.5% by mass

	Water Content 
	D95
	≤ 0.1%

	Flash Point (oil component)
	D92
	≥ 149°C

	Corrosion Test: 
5% salt fog at 38°C, 0.127 mm, Q Panel, Type S
	B117
	Rust Grade 7 or better after 1000 hours of exposure according to ASTM D610.
This requires that ≤ 0.3% of the area exposed has indications of corrosion.

	Water-soluble ions (2)
	
	

	chlorides
	D512
	< 10 ppm

	nitrates
	D3867
	< 10 ppm

	sulphides
	D4658
	< 10 ppm

	Soak Test:
[bookmark: _Hlk131661516]5% salt fog at 38°C, 0.127 mm, Q Panel, Type S.
	B117 modified (3)
	No emulsification of the coating after 720 hours of exposure.

	Compatibility with Sheathing
	
	

	Hardness and volume change of polymer after exposure to grease, 40 days at 66°C 
	D4287 
(D792 for density)
	Change in hardness ≤ 15%
Change in volume ≤ 10%

	Tensile strength change of polymer after exposure to grease, 40 days at 66°C
	D638
	Change in tensile strength ≤ 30%

	Cone Penetration
	D217
	265-295 (NLGI 2) worked penetration

	Kinematic Viscosity of Base Oil
Record measurement at 40°C in ISO Viscosity Grade Numbers (Appendix A)
	D445-17a
	The base oil for each match must be within the same ISO Viscosity Grade as PT Coating that was submitted for tests at 30 month intervals.


Notes:
(1)	Modify D6184 as follows:
· All mass measurements to be recorded in grams to 4 significant digits.
· Run 3 separate samples from the same batch. The bleed must be calculated for each sample and the result reported as the mean of the 3 recorded sample.
· Final results must be reported as a percentage to the nearest 2 significant digits
(2)	Procedure: The inside (bottom and sides) of a 1 litre glass beaker (approximate outside dimensions – diameter 105 mm, height 145 mm) is thoroughly coated with 100 ± 10 grams of corrosion inhibiting material. The coated beaker is filled with approximately 900 mL of distilled water and heated in an oven at a controlled temperate of 38°C ± 1°C for 4 hours. The water extraction is tested by the noted test procedure for the appropriate water-soluble ions. Results are reported as ppm in the extracted water.
(3)	Modify B117 as follows:
· Immerse panels 50% in a 5% salt solution and expose to salt fog.
Spaces filled with grease or wax must be sealed using suitable seals. The method of injection and the product chosen must be suitable to completely fill all voids so that all air and water pockets are eliminated.
[bookmark: _Ref38448141]Tendons must be handled so that the protective coating or the grease or wax filled sheathing remains intact and effective after installation into the structure. Special precautions and testing to ensure the effective gripping and protection of the unprotected length of strands at the anchorages are required.
Ducts must be effectively sealed against moisture.
All anchorages must be capped with permanent heavy-duty plastic caps filled with grease or wax. The cap and the adjacent faces of anchorage diaphragms must be coated with a waterproof membrane and suitable drip catches must be installed to prevent deck runoff infiltrating the post-tensioning anchorage and the cap.
[bookmark: _Ref38462533][bookmark: _Toc148187494]Installation of Internal Ducts and System Components 
[bookmark: _Toc148187495]General
[bookmark: _Ref71035492]Further to the requirements of ATS 5305 and / or ATS 5325 (as applicable), the Quality Plan must include details, procedures, instructions and / or plans for: 
1. Method of fixing ducts, void formers and anchorages 
1. Treatment at duct joints. 
1. Temporary stiffening.
1. Details of grout vents.
1. Method of sealing ducts, anchorages and grout vents.
1. Method of ensuring ducts and grout vents remain clear of obstructions.
1. Method of ensuring the ducts do not become damaged during concrete placement.
[bookmark: _Toc148187496]Placing
[bookmark: _Hlk38466416]Ducts must be placed within a tolerance of ± 6 mm in any direction of the position shown on the Drawings. Anchorages must be placed within tolerances of ± 6 mm across and vertically and ± 15 mm along the tendon. The face of the anchorage must be square to within 0.5o to the line of the tendon.
Where unavoidable conflict occurs between post-tensioning ducts and bar reinforcement, the reinforcement may be displaced slightly. The reinforcing must be detailed to enable sufficient access and working space to enable anchorage and duct placement with specific consideration of ability to pour and effectively vibrate the concrete, to preclude voids and damage to cast in elements.
The reinforcement must be placed and supported such that it does not directly transfer load into the top of a duct.
Before placement of the ducts, the Contractor must inspect the profile of the duct supports for conformity.
The ducts must be fixed in position so that during concreting or pre-pour activities:
1. the duct does not float, move or create a reverse curvature;
1. the wobble friction factor is not increased; and
1. the duct is not damaged. 
The spacing of supports must not exceed 600 mm in flanges and 1200 mm in webs.
At high points in the tendon profile, duct supports must be spaced sufficiently close to prevent crushing of the ducts and penetration of the duct supports into the duct due to the weight of the tendon. A duct saddle may be required at such locations.
All cast-in anchorages must be set square to the line of action of the tendon with the grout inlet on the bottom and the outlet on the top. Anchorages must be attached securely to the formwork, which must be adequately designed and constructed to prevent movement of the anchorage during concreting. Any mortar or slurry adhering to bearing or wedging surfaces must be removed. Additional care must be taken during concreting and vibrating operations to ensure that no voids exist around the anchorage. The concreting operations must be undertaken carefully to not damage the cast in components or seal between the anchorage and ducting.
Internal ducts must be mechanically attached to the anchorages. All joints in ducts must be sealed to prevent entry of slurry during concreting. If the tendon will not be installed in the duct prior to the concrete pour, the duct must be protected against possible collapse using temporary internal supports that can be removed allowing later tendon installation.
Ducts must be securely fixed at intervals not exceeding 600 mm in flanges and 1200 mm in webs in order to maintain a smooth duct profile within the specified tolerance throughout the length of the tendon during concreting operations.
The minimum straight length of duct at anchorages and at coupling points (where required by the post‑tensioning system) must conform to the manufacturer's recommendations.
Welding must not be carried out near a duct.
Ducts must be free from internal projections or reductions in diameter at joints. 
Slurry-tight joints at holes or gaps between the ducts and cast-in anchorages or precast end blocks must be provided. Cast-in anchorages and ends of ducts must be sealed to prevent entry of debris, water, concrete, mortar, slurry or foreign matter.
Ingress of water into ducts, particularly those with tendons installed, must be prevented before stressing by covering exposed strands and blocking anchorages with plastic or similar.
The Inspection and Test Plans must allow for staging of inspections of any ducts, anchorages, and/or supporting reinforcement that may be inaccessible after the reinforcement placement has reached a certain stage, particularly where void formers are incorporated into the reinforcement cage.
[bookmark: _Toc148187497]Minimum Cover
The concrete cover to any duct, sheathing or former must not be less than 50 mm.
[bookmark: _Toc148187498]Grout Vents and Caps
Grout inlets and outlets must be provided at each anchorage and grout vents must be provided at each high point. Grout vents must be at least 0.5 m higher than the grout inlet, to ensure an effective head of grout.
All grout inlets must be fitted with a pressure gauge for measuring pressures independent of pressures observed at the grout pump or air compressor. Unless specified otherwise, all pressures specified for testing and grouting of ducts must be measured at the grout inlet.
Anchorages must be fitted with grout caps and seal for grouting and venting operations.
All grout inlets, outlets and vents must be equipped with a metal valve which can be closed and opened several times, or another approved method provided for maintaining pressure during air testing, and for controlling the grout flow during grouting. Exposed grout vents must be in the shut position.
The pressure rating for inlets, outlets and vents must not be less than 1.0 MPa. All tubing must be of plastic or other non-metallic materials with 20 mm minimum inside diameter, with sufficient strength to withstand the applied pressures without distortion or damage. Tubing must be protected from accidental damage during construction operations and be securely fastened to the duct and airtight.
[bookmark: _Ref39129588]The Post-tensioning Supervisor must certify that the installation of ducts has been carried out in accordance with the requirements of this Specification.
[bookmark: _Ref38462465][bookmark: _Toc148187499]Installation of Tendons 
[bookmark: _Toc148187500]General
[bookmark: _Ref71035626]The Quality Plan must include details, procedures, instructions and / or plans for 
1. Handling and storage of tendons both in the coiled and made up states.
1. Ensuring traceability of tendons delivered to site.
1. Method of placing.
1. Method of corrosion protection.
[bookmark: _Toc148187501]Assembly of Tendons
Splicing of strands, wires or bars forming a tendon is not permitted.  Tendon couplings must only be used where shown on the Drawings.
Welding is not permitted on or near tendons, and heat must not be applied to tendons.  Tendons which have been affected by welding, weld splatter and/or heat are non-conforming and must be replaced by the Contractor.
Flame cutting of wire strand or bars within 75 mm of an anchorage or jacking position is not permitted.
A durable label must be tied to each tendon.  The label must be stamped with the length of the tendon and the coil number of the wire or strand from which the tendon was cut.
[bookmark: _Toc148187502]Pulling of Tendons and Pushing of Strands
The sheathing must not be damaged during the installation of pre-assembled tendons or individual strands.
Strands or wires may be pushed individually through the ducts, provided that before and throughout the pushing process each strand is fitted with a temporary head which is sized and shaped to prevent damage to the ducts and to prevent interlocking or crossover of strands (for example, a bullet shape). The equipment used for installation must prevent damage to the tendon during installation (for example, from the pushing rollers).
[bookmark: _Toc148187503]Special Provision for High Tensile Bars
Exposed threads of all bars, nuts and couplers must be fully protected at all times until stressing is completed.
A trial assembly of each set of bars, nuts and couplers must be carried out before installation.
The bars must be marked and/or a system of reference marks in the adjacent concrete provided to confirm by visual inspection that each end of each bar is fully engaged in its corresponding nut or coupler.
While handling the bars, care must be taken to ensure that the bars are not mechanically or heat damaged. A bar which has been damaged must not be installed unless it been inspected by the supplier and reworked or replaced if necessary. The supplier must then certify that the bar is suitable for the works. 
The Quality Plan must include details of the proposed procedures for ensuring that all bars will be fully engaged during installation, including the method of visual inspection to confirm this before stressing.
[bookmark: _Ref38462117]The Post-tensioning Supervisor must certify that the installation of the tendons has been carried out in accordance with the requirements of this Specification.
[bookmark: _Ref57725854][bookmark: _Toc148187504]Concrete Work
[bookmark: _Toc148187505]General
The requirements of this Clause 11 are in addition to those set out in ATS 5320, ATS 5325 and ATS 5326 (as applicable).
[bookmark: _Ref100152534]Vibration of concrete around all anchorage zones and grout vents is a Critical Post-Tensioning Activity that must be carried out under the supervision of the Post-Tensioning Supervisor. However, the Contractor may submit a proposal to the Principal for this supervision to be performed by the Concreting Supervisor (as defined in ATS 5320). The Principal is under no obligation to accept any such proposal.
Where required by the design, or for construction reasons, that the tendon is installed in the duct before concreting, the Quality Plan must include procedures for preventing the duct being damaged either by the installation of the tendon or by subsequent concreting operations.
Where a tendon has a dead-end anchorage or is coupled to a previously stressed anchorage, provide a procedure for preventing ingress of concrete or cement slurry into the duct.
The initial concrete discharge from any pumping must not be placed in an anchorage zone. At least 3 m3 of concrete must be placed into the general structure prior to any being placed in an anchorage region.
[bookmark: _Toc148187506]Precautions During Concreting
The Quality Plan must include details of the method of preventing damage to ducts during concreting operations.
When the tendons are not installed in the duct before concreting, the ducts must be supported internally during concreting operations by inserting into it a continuous tube of diameter and stiffness adequate to prevent the duct from being dented or opened up allowing the entry of slurry because of direct hammering by the vibrators. The tube must be sufficiently flexible and have sufficient clearance to allow it to be drawn through the duct without damaging or distorting it. A number of smaller diameter tubes may be used instead of a single tube.
If the tendons are not installed in the duct before concreting, the ducts must not be damaged during concreting, which includes:
1. opening of seams;
separation of joints;
becoming excessively oval; or 
allowing leakage of mortar or grout during vibration.
[bookmark: _Ref94524227]The Contractor may submit a proposal to the Principal to use an alternative means of preventing of damage to ducts during concreting operations, such as:
1. testing of a concreted prototype; or
1. a methodology with a proven track record. 
The Principal is under no obligation to accept any such proposal.
[bookmark: _Toc148187507]Precautions After Concreting
Immediately after all the concrete has been placed in the element, any installed tendons or continuous tubing must be moved at least 0.25 m to ensure that they are perfectly free inside the duct.
Any tendon installed in the ducts before stressing for more than:
1. two weeks within corrosivity category C4 and above;
1. four weeks within corrosivity category C3; or
1. [bookmark: _Hlk137724236]eight weeks within corrosivity category C1 / C2,
must be withdrawn and examined, except that where a set of similar tendons have been in place for a similar period, one representative tendon only need be withdrawn for examination. The corrosivity level is determined in accordance with AS/NZS 2312.
[bookmark: _Ref39129532]The Post-tensioning Supervisor must certify that the concreting has been carried out in accordance with the requirements of this Specification.
[bookmark: _Ref38462245][bookmark: _Toc148187508]Preparation for Stressing
[bookmark: _Toc148187509]Stressing Equipment
Hydraulic pumps must be power driven.  The power unit must be adjusted to ensure that the rate of extension of the tendon is within the limits specified.  The measuring equipment used must allow the jacking force to be determined to within the accuracy required by AS 2193 for a Class B machine or system.  The measuring equipment must allow elongation to be determined with an accuracy of ± 2%.
Pressure gauges must conform to the requirements of AS 1349. The diameter of the gauge must not be less than 150 mm and must be of such a type which will allow visual reading to the nearest 0.5 MPa or 5 bar. Alternatively, digital readout gauges may be used. A device must be fitted to protect the gauge against a sudden loss of pressure.
The maximum jacking force must correspond to a gauge pressure between 50 % and 90 % of the gauge capacity.
[bookmark: _Toc148187510]Clearing Ducts and Cleaning Tendons and Anchorages
The ducts must be cleared by blowing oil-free compressed air through both ends and each grout vent before fitting anchor blocks and gripping components. Anchorages must be protected and cleaned thoroughly before commencement of tensioning. The protruding ends of the tendons must be cleaned of any coating, rust, mortar, oil, or mud that would hinder the gripping action of the jacking wedges or other gripping components. Where the bearing plate has been previously cast in concrete, any misalignment must be compensated for before stressing.
[bookmark: _Toc148187511]Strength and Age of Concrete Before Stressing
Sampling and testing to determine the concrete compressive strength must be undertaken in accordance with ATS 5315.
If the proposed period between the concrete pour and post-tensioning is less than 28 days, 2 cylinders from each sample must be tested prior to application of prestress.  The average cylinder strength must not less than the specified strength and the lower cylinder strength must not be less than 90% of the specified strength.
[bookmark: _Ref126076193]The post tensioning force must not be applied to a member until the concrete has attained the specified compressive strength shown on the Drawings and:
1. 7 days have elapsed after casting (where moist curing methods are used); or
1. 2 days have elapsed after casting and after the temperature of the concrete has cooled to ambient air temperature (where accelerated curing is used in accordance with ATS 5320), 
The Contractor may submit a proposal to the Principal to apply stage stressing at an earlier date than that determined under Clause 12.7 to overcome handling or shrinkage problems, or to permit early removal of falsework.
[bookmark: _Toc148187512]Preparation for Stressing 
[bookmark: _Ref38530249]Calculations to determine the nominated jacking force, the corresponding nominated gauge pressure, and the nominated elongation must be carried out and certified by a Professional Engineer.
The calibration test report for the jack and gauge combination must be accurate, not more than 6 months old, and be used to calculate nominated jacking pressure so that the design jacking force on the Drawings is achieved. The Post-Tensioning System Supplier must nominate the anchorage friction allowance and other jacking losses to be used when calculating the nominated jacking force.
[bookmark: _Ref38531449]Calculations of elongation must account for (amongst other factors) the actual length of the stressed tendon, aggregate tendon area and the averaged Youngs modulus for the tendon derived from the tendon test certificates. Corrected extensions, incorporating actual values of all elements forming each whole tendon / duct location, must submitted with the Lot data.
	HOLD POINT 3.

	Process Held
	Commencement of stressing operations.

	Submission Details
	Calculations, based on the nominal tendon properties, and a Professional Engineer's certification must be submitted to the Principal at least 10 working days prior to the commencement of stressing operations.


Forms to record the information listed in Clause 13.28 for each tendon must be prepared prior to the commencement of stressing.
[bookmark: _Ref39129466][bookmark: _Hlk38462384]The Post-tensioning Supervisor must certify that the preparation for stressing has been carried out in accordance with the requirements of this Specification.
[bookmark: _Ref38462009][bookmark: _Toc148187513]Stressing Operations 
[bookmark: _Toc148187514]General
[bookmark: _Ref71035735]The Quality Plan must include details, procedures, instructions and / or plans for 
1. Details of proposed stressing equipment to be used and proof of its ability to carry out the work.
1. Calibration of equipment.
1. Recording data.
1. Stressing sequence.
1. Method of determination of the initial force.
1. Checking for slippage and friction loss.
[bookmark: _Toc148187515]Control of Stressing Operations
[bookmark: _Ref38531501]Stressing is a Critical Post-Tensioning Activity that must be carried out under the supervision of the Post-Tensioning Supervisor 
	[bookmark: _Hlk38436450]HOLD POINT 4.

	Process Held
	Each phase of stressing operations.

	Submission Details
	Full conformity records for the relevant tendons, stressing equipment and the concrete to be stressed must be submitted to the Principal at least 2 working days before the commencement of each phase of stressing operations.


The tendons must be stressed according to the stages and in the order indicated on the drawings.
The jack must be set up accurately to the line of action of the post-tensioning tendon at each anchorage.
All strands in each multistrand tendon must be stressed simultaneously. Strands for flat (slab) ducts with 5 or less strands must be stressed individually.
The tensioning force must be applied smoothly at an even rate during stressing and the jacking force released gradually.
The stressing operation must be completed without undue interruption and in the minimum time possible, noting the requirement to avoid or minimise unbalanced loads.
[bookmark: _Ref100143081]The maximum applied jacking force must not under any circumstances exceed 85% of the minimum breaking load of the tendon, or the rated capacity of the jacking equipment used, whichever is the lesser.
[bookmark: _Toc148187516]Take Up of Slack
An initial force of up to 5% of the minimum breaking load of the tendon must be applied and the seating of the jack and anchorages inspected. The commencement of load and extension readings must occur at approximately 5 MPa gauge pressure.
[bookmark: _Toc148187517]Measurement of Elongation
Where tendons consist of a number of individual strands, each strand must be marked after taking up the slack by spray painting the strand, at the back of the anchor block, so that any anchorage slip may be observed and measured accurately.
The elongation from these markings must be measured with an accurate steel ruler or vernier calliper.
If a tendon does not fall within the predicted extension range, readings of force and elongation must be taken at stages during the stressing and plotted on the previously prepared anticipated elongation versus load plots and compared.
Sufficient readings must be taken:
1. before resetting the jack to accurately determine the zero error; and
between one reset and the next, including ones just before and just after each reset to detect and compensate for any discontinuity due to the resetting operation.
For each tendon, over the full load range, a minimum of 5 steps (force and extension recordings) must be undertaken.
Once a regular pattern has been established during stressing of the first tendons of each type, the Contractor may submit a proposal to the Principal for the number of readings to be reduced; however, a minimum of 5 readings per tendon stressing operation must be taken. Sufficient readings must be taken to detect any significant irregularities during the stressing of any remaining tendons.
[bookmark: _Toc148187518]Allowance for Slippage/Breakages
Subject to compliance with Clause 13.8, in the case of the slippage of one or more strands, or of tendons of a group tensioned together, a compensating increase in the elongation of the remaining strands may be permitted, provided the measured jacking force does not exceed 85% of the minimum breaking load of the remaining strands. However, an additional extension or load must not be added to compensate for anchorage draw in losses.
Alternatively, a mono jack may be used to stress the slipped strand until the paint marks line up. If the slipped strand slips again, the wedges must be replaced and the strand restressed it to line up the paint marks.
Failures of individual wires in strands may be accepted provided that not more than two wires per strand are broken and the total area of the broken wires does not exceed 2.0 % of the total tendon area.
[bookmark: _Toc148187519]Tolerances
For an individual tendon, a ± 5% tolerance applies to the nominated jacking force as measured by the nominated gauge pressure.
For the element, a ± 2% tolerance applies to the total nominated jacking force, except to overcome friction losses as provided below.
The actual jacking force must be checked by measuring the tendon elongation and correlating it with the nominated elongation. The measured elongation in each tendon must be within 5 % of the nominated elongation.
[bookmark: _Toc148187520]Non-correlation between Jacking Force and Elongation
[bookmark: _Ref38531555]Where the measured elongation at the nominated jacking force, is not within 5% of the nominated elongation the reason for the non-correlation must be established before any further stressing.
	[bookmark: _Hlk38455005]HOLD POINT 5. (Where there is non-correlation between jacking force and elongation)

	Process Held
	Further stressing.

	Submission Details
	Reasons for the non-correlation, revised stressing method and/or revised stressing calculations in accordance with Clause 12.9 must be submitted to the Principal prior to further stressing


Where the reason for the non-correlation is due to excessive friction, Clause 13.24 applies, otherwise Clause 13.26 applies.
[bookmark: _Toc148187521]Contingencies for Excessive Friction
[bookmark: _Ref38530302]If the nominated jacking force is attained before the measured elongation reaches 95% of the nominated elongation, then stressing must continue to reach the nominated elongation, provided the measured jacking force does not exceed 105% of the nominated jacking force and complies with Clause 13.8.
The Quality Plan must include a procedure for managing the stressing operation in the event that the nominated elongation is still not reached. This may include:
1. The use of water-soluble oil is used as a tendon lubricant and washed out before grouting; 
Where only one jack was used (and subject to the designer’s approval), stress tendons from both ends; and / or
De-tensioned and re-stressed of tendons (the secant modulus applicable to second stressing must be used).
[bookmark: _Toc148187522]Contingencies for Excessive Elongation
[bookmark: _Ref38456828]The Quality Plan must include a procedure for managing the stressing operation in the event that the nominated elongation is obtained at a measured jacking force less than 95% of the nominated jacking force. Stressing must continue to the nominated jacking force provided the measured elongation does not exceed 105% of the nominated elongation.  The reasons for the excessive elongation must be ascertained and appropriate measures taken before re-commencing stressing.
[bookmark: _Toc148187523]Acceptance of Stressing
[bookmark: _Ref38531605]All tendons in the member must be stressed before tendons are cut off.
[bookmark: _Ref38532177]Complete records of the stressing operation must be provided to the Principal, including:
1. Identification Number(s) of coil(s);
Applicable test Identification Number;
Stressing length of tendon (including jacking length);
Nominated jacking force, including allowance for losses;
Nominated draw-in;
Nominated elongation at nominated jacking force and corresponding nominated gauge pressure; and
[bookmark: _Ref38532224]Summary comparison of theoretical vs actual tendon extensions, and any pertinent comments related to the stressing operations. 
	HOLD POINT 6.

	Process Held
	Cutting off and grouting of tendons.

	Submission Details
	Stressing conformity records for stressing of each tendon must be submitted to the Principal prior to the cutting off and grouting of tendons


The ends of tendons must be cut with a high speed abrasive disc or wheel. Flame cutting of tendons is prohibited.
A minimum 20 mm length of unstressed tendon protruding from the outermost part of the anchorage must be maintained. The recesses must be concreted such that the cover over the tendon stubs is not less than the cover to reinforcing specified on the Drawings plus 20 mm (unless specified otherwise on the Drawings).
[bookmark: _Ref39129372]The Post-tensioning Supervisor must certify that the stressing has been carried out in accordance with the requirements of this Specification.
[bookmark: _Ref38461854][bookmark: _Toc148187524]Grouting
[bookmark: _Toc148187525]General
[bookmark: _Ref94522403][bookmark: _Ref71035925]Grout must comply with ATS 5316.
The Quality Plan must include details, procedures, instructions and / or plans for 
1. Method of grouting.
1. Mix design, documentation and testing (including details of proprietary registered products).
1. Details of mixing and pumping equipment and evidence of its ability to meet the requirements of this Specification.
1. Method of recording quantity of grout usage.
[bookmark: _Toc148187526]Verification of Grout Performance
[bookmark: _Ref38531682]Clause 14.4 only applies if specified in the Contract documents.
[bookmark: _Ref100152651][bookmark: _Ref100144942]A grout verification test must be undertaken to verify that the grouting system, including the mixing equipment, is adequate to satisfactorily grout the tendons. The following applies to the grout verification test:
1. The grout is prepared with the same make and type of mixing equipment used for grout production.
1. A fully assembled mock-up tendon comprising one peak located a minimum of 750 mm above the anchors and two valleys located a minimum of 1000 mm below the anchors is used.
The two end anchorages are located a minimum of 12 m apart, fitted with grout inlets and outlets. The tendon is secured to a supporting frame capable of taking the stressing force required to take up the slack
The duct is the dominant size (as shown in the Drawings) and is filled with the maximum number and size of strand shown on the Drawings.
The tendon is protected from shock and vibration for 48 hours.
The tendon is stripped and sliced at specified locations.
The extent of air / bleed voids in the duct and the integrity of the grout is determined. 
The performance tests listed in ATS 5316 are carried out.
	HOLD POINT 7. (if applicable)

	Process Held
	Grouting of ducts.

	Submission Details
	A successful grout verification test and records must be submitted to the Principal at least 5 working days prior to the commencement of grouting. 


[bookmark: _Toc148187527]Air Testing of Ducts Before Grouting
[bookmark: _Ref94523645]Air testing of ducts before grouting is a Critical Post-Tensioning Activity that must be carried out under the supervision of the Post-Tensioning Supervisor.
Before air testing, the volume of air in the duct must be determined taking into account the internal dimensions of the duct and the space taken up by the tendon.
Before testing, any water in the duct must be blown out with compressed oil-free air. The applied air pressure must not exceed 400 kPa. After sealing the anchorage ends, each duct must be tested as follows:
1. With all valves closed, at the grout inlet pressurise the duct with oil-free air to 250 kPa to confirm that the installed system has sufficient integrity for grouting;
1. Hold the pressure at 250 kPa for 30 seconds. A sudden drop in pressure of more than 100 kPa, or a need to continuously inject compressed air to maintain pressure indicates that the system is not sufficiently sealed for grouting. Locate and repair any leaks and repeat the test;
1. Reduce the pressure to 100 kPa;
1. Lock off the air source;
1. Record the air pressure loss over time; a pressure loss greater than 40% must not occur within a duration of:
D = (1.1V + 5)/60
Where:
D = duration in minutes;
V = the volume of the duct minus the strand volume in litres.
If the pressure loss over time is greater than 40%, a thorough inspection must be made for any evidence of leakage from, or between, ducts. Leakages must be rectified and the duct retested before grouting.
The Post-Tensioning Supervisor must make an assessment of the entire tendon to determine whether grouting can proceed if the air loss criterion cannot be achieved after rectifying detected leakages.
Where air testing detects leakage between two adjacent ducts that cannot be practically rectified, both ducts must be air tested as a single system and the two ducts must be grouted simultaneously with two lines controlled by individual lock off valves.
[bookmark: _Ref39129255]The Post-tensioning Supervisor must certify that the air testing of ducts has been carried out in accordance with the requirements of this Specification.
[bookmark: _Toc148187528]Operations
[bookmark: _Ref100152829]Grouting is a Critical Post-Tensioning Activity that must be carried out under the supervision of the Post-Tensioning Supervisor.
All personnel involved in grouting must be appropriately trained and experienced, and must be acceptable to the Post-Tensioning Supervisor.
A standby grout pump must be available for use on site at all times.
Tendons must be grouted as soon as practicable after stressing and unless otherwise approved, no later than:
1. one week under severe corrosivity level;
two weeks under moderate corrosivity level;
three weeks under low corrosivity level, as defined in AS/NZS 2312.
	HOLD POINT 8.

	Process Held
	Grouting of individual ducts.

	Notification
	Results of duct air testing must be submitted to the Principal at least 24 hours prior to the commencement of the first member of a line of members.


Safety precautions must be taken to prevent injury to operators and other personnel in the vicinity during grouting operations.
Grouting operations must be carried out so that the ducts are completely filled with a dense and uniform grout.
[bookmark: _Toc148187529]Mixing and Pumping Equipment
Grout pumps must be of the positive displacement type with an outlet pressure of at least 1.0 MPa. The pumps must be capable of pumping the grout at the required rate (no less than 1800 litres / hour) and be capable of continuously grouting the largest tendon in no more than 20 minutes. Equipment for vacuum assisted grouting (VAG) may be used.
Grouting supply lines must connect the pumps directly to the grout inlets. All pumps, lines, tubes, connections, and valves must be pressure rated to at least 1.0 MPa.
Pumps must be fitted with seals to prevent oil and air contamination of the grout or the loss of constituent materials during the grouting operation.
Pumps must be capable of operating continuously with little pressure variation, and must have a system for recirculating the grout while actual grout injection is not in progress.
Pumps and grout inlets must be fitted with pressure gauges capable of reading grout pressures up to 1.0 MPa. Pressure gauges must have a full scale reading less than 1.5 MPa and must be maintained in calibration.
Flowmeters and pressure gauges used during air testing or grouting must have NATA accredited calibration certificates issued within the last 200 operations for which the device was used or within the last six months, whichever is less.
Any gauge that has sustained hydraulic or other shock must be replaced immediately with another gauge.
[bookmark: _Toc148187530]Mixing
Adequate stocks of fresh cement or pre-packaged grout mixes must be held at the grout mixer to ensure no interruptions to the continuity of grouting operations.
Batching of grout must be carried out by mass for all mix constituents except liquids, which may be measured by volume.
Only whole bags of cement or pre-packed grout mix must be used.
Accurate control of the water / cement ratio and additives must be provided for each batch of grout. Admixtures for the grout mix must be supplied in single dose containers made up to suit each grout batch size.
The water and premixed additive must be placed in the agitator tank first. The cement must then be dispersed uniformly within the agitator tank. The mixing water must be heated or cooled if necessary to keep the grout temperature between 5°C and 30°C during mixing and grouting.
The grout must be mixed at a minimum of 1000 rpm in a high-speed mixer capable of imparting a high shear to the grout components so that a colloidal grout of uniform consistency is produced in a mixing time of less than five minutes.
[bookmark: _Toc148187531]Production Testing of Grout Properties 
[bookmark: _Ref38456036]Tests for the properties of production grout must be undertaken in accordance with ATS 5316.
[bookmark: _Toc148187532]Grouting of Ducts
Compliance of each batch of grout delivered to Site with the approved grout must be verified by submitting a certificate of uniformity testing for the supplied grout, supported by evidence of the grout manufacturer's quality management system accreditation
Grouting of ducts must not be carried out when the temperature of the surrounding concrete is below 10ºC or above 30ºC.
Before grouting, the volume of grout required for each duct must be determined and used as a basis for control of volumes and rates of grout injection.
Before commencing grouting, sampling for production acceptance testing must be carried out in accordance with Clause 14.31. Where fluidity testing is required, the efflux time must be determined before proceeding with grouting. The efflux time must not vary from the target efflux time by more than ± 2 seconds.
The mixed grout must be fed to the pump by gravity from a hopper attached to and directly over the pump. The hopper must be kept at least partially full of grout at all times during grouting operations.
The mixed grout must be capable of passing through a screen with 2.36 mm nominal apertures.
The grout must be used as soon as possible after mixing and in any case within 45 minutes of adding cement to mixing water.
The grout must be injected from the lowest anchorage point or the low end of a tendon. An even, slow, continuous flow of grout must be maintained until the duct is completely filled with pure grout and all entrapped water and air has been expelled.
[bookmark: _Ref132100026]The grout flow must be such as to fill non-vertical ducts at a nominal rate of between 10 m and 15 m of duct per minute. Filling rates for vertical ducts must not be more than 5 m/minute.
Vents and drains must be closed off progressively once pure grout issues from them, except for vents located less than 1 m downstream of a high point. The downstream vent must be closed off before the high point vent.
In the event that a high point grout vent must be used as an inlet, procedures must be implemented to vent the grout from that vent to ensure that no air is entrapped in the duct.
The nominal grouting pressure must not exceed 400 kPa and the actual pressure must not exceed the rated capacity of the grout tube, fittings and pump. Where the maximum grouting pressure is not sufficient to grout the duct, then the grout injection point must be moved to the next downstream vent that is closed off, or ready to be closed off, to reduce injection pressures whilst maintaining one way flow.
[bookmark: _Toc148187533]Grouting Procedure
Grouting must be undertaken in accordance with the following procedure:
1. Either a metal valve, or a single use plastic valve, must be used on all grout lines, inlets, outlets, vents and drains. All tendon sealing valves must be left in place undisturbed until the following day.
With all vents and valves open, the grout must be injected at the nominal rate (refer Clause 14.40) through the inlet in the anchorage casting or at the tendon low point using a suitable grouting pressure dependent on grout properties and tendon geometry. This pressure is termed the operational grouting pressure (OGP).
Vents must be closed off progressively using the metal control valves when consistent grout flows from each vent. The quality of the grout may be checked visually. A fluidity test must be carried out if there is any doubt as to the quality of the grout issuing from the vent. If testing is conducted, the fluidity must be no less than three seconds less than that measured during the acceptance testing.
After initial grouting is completed and all the vents have been closed off under OGP:
1. The duct must be checked for any grout leaks while maintaining the minimum OGP for 1 minute;
The pressure must be reduced to 100 kPa, and this pressure maintained for five minutes. This may require opening of a high point vent metal control valve to reduce the pressure, closing that vent's control valve, then reinjecting a very small quantity of grout at 100 kPa;
Using the minimum possible OGP, grout injection must be maintained whilst slowly discharging any water, air and diluted grout from each vent by opening and subsequently closing the vent's metal control valve. This procedure should be carried out by successively working in the direction of grout injection, starting with the inlet vent in the grout cap or the closest vent to the grout injection point; and
The OGP must be reduced and the grout inlet closed off at 100 kPa pressure, if necessary, utilising the pressure reducing procedure set out in (ii) above.
Any plastic sealing valves must be closed off and then any of their associated metal valves removed for cleaning and potential re-use.
Grouted ducts must not be subjected to significant or unplanned shock, vibration, construction traffic or similar loads, until 24 hours after completion of grouting.
Grout inlets, outlets and vents must be removed the following day and the completed grouting inspected.
Any voids within anchorages must be filled with epoxy.
Any voids must be filled using vacuum injected grouting. The reasons for the formation of any voids must be determined and steps must be taken to avoid such voids in subsequent grouting operations.
If, due to blockages, equipment breakdowns, or for other reasons, a duct is not filled with grout, all voids must be located and the Contractor’s procedure for the management of non-conformances will apply.
Precast post-tensioned members must not be lifted until the time specified on the Drawings has elapsed or the grout has achieved the specified strength. The member must not be transported within 7 days of grouting.
[bookmark: _Ref39129077]The Post-tensioning Supervisor must certify that the grouting has been carried out in accordance with the requirements of this Specification.
[bookmark: _Ref38461759][bookmark: _Toc148187534]Protection of Anchorages
Recesses at anchorages must be filled as shown on the drawings.
Flame cutting of the protruding ends of strands or tendons is not permitted.
The interior surfaces of anchorage recesses must be scabbled for maximum bonding of the infilling concrete.
Steel reinforcement must be placed in the recesses as shown on the drawings.
The surface of the recess must be coated with a bonding agent, after which concrete must be cast into the recess to the shape required by the drawings. The concrete must have a minimum grade of S40, a maximum nominal aggregate size of 10 mm and comply with ATS 5315.
[bookmark: _Ref39129094][bookmark: _Hlk38461816]The Post-tensioning Supervisor must certify that the protection of anchorages has been carried out in accordance with the requirements of this Specification.
[bookmark: 13.1_General][bookmark: 13.2_Test_and_Inspection_Reports][bookmark: _Toc26182495][bookmark: _Toc148187535]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 post-tensioning.
	
	Quality Plan

	7.11
	2. Commencement of post tensioning
	
	Evidence that System Components comply with this Specification

	9.24
	
	
	Certification of duct installation

	11.10
	
	
	Certification of concreting

	12.11
	3. Commencement of stressing operations
	
	Calculations and Professional Engineer's certification

	12.13
	
	
	Certification of preparation for stressing

	13.2
	4. Each phase of stressing operations
	
	Full conformity records for the relevant tendons, stressing equipment and the concrete

	13.22
	5. Further stressing (Where there is non-correlation between jacking force and elongation)
	
	Reasons for the non-correlation, revised stressing method and/or revised stressing calculations

	13.27
	6. Cutting off and grouting of tendons.
	
	Stressing conformity records for stressing of each tendon.

	13.28
	
	
	Stressing records

	13.31
	
	
	Certification of stressing

	14.3
	7. Grouting of ducts
	
	Successful grout verification test and records

	14.5
	8. Grouting of each duct
	
	Air testing of ducts

	14.11
	
	
	Certification of air testing

	14.31
	
	
	Production records of grout properties

	14.51
	
	
	Certification of grouting

	15.7
	
	
	Certification of anchorage protection




Amendment Record
	Amendment no.
	Clauses amended
	Action
	Date

	-
	New specification
	New
	October 2023

	
	
	
	



	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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