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[bookmark: _Toc135059364]Scope
[bookmark: _Toc514678946][bookmark: _Toc886733][bookmark: _Toc886732]Austroads Technical Specification ATS 5315 sets out the requirements for the supply of Special Class Concrete used in: 
bridges with a design life of 100 years; and
if specified the Contract documents, other structures such as retaining walls, culverts, deflection walls and safety barriers.
It does not cover the supply of Normal Class concrete (refer ATS 5335). For sprayed concrete, refer to ATS 5328.
Refer to ATS 5320 for the requirements for placing and curing concrete used in cast-in-place and precast applications. 


[bookmark: _Toc135059365]Referenced Documents
The following documents are referenced in this Specification: 
	Australian / New Zealand Standards
AS 1012	Methods of testing concrete
AS 1141.66	Methods for sampling and testing aggregates Method 66: Methylene blue adsorption value of fine aggregate and mineral fillers
AS 1289.4.2.1	Methods of testing soils for engineering purposes – Soil chemical tests – Determination of the sulfate content of a natural soil and the sulfate content of the groundwater – Normal method
AS 1379	Specification and supply of concrete
AS 1478 	Chemical admixtures for concrete, mortar and grout
AS/NZS 2350.8 	Methods of testing portland, blended and masonry cements, Method 8: Fineness index by air permeability method
AS 3550.4	Methods for the analysis of waters – Determination of solids – Gravimetric method 
AS 3972	General purpose and blended cements
AS 5100.5	Bridge Design. Part 5: Concrete
AS/NZS ISO 9001	Quality management systems – requirements

	Austroads
ATS 5320	Placement of Concrete
ATS 5321 	Temperature Matched Curing and the Maturity Method
ATS 5328	Sprayed Concrete
ATS 5335 	Normal Class Concrete 
ATM 765	Determination of calcium nitrite quantity in fresh concrete (Test strips)
ATM 780 		Water retention of concrete – filtration

	Nordtest Methods
NT Build 443	Concrete, Hardened: Accelerated Chloride Penetration
NT Build 492	Concrete, Mortar and Cement-Based Repair Materials: Chloride Migration Coefficient from Non-Steady-State Migration Experiments Binders

	ASTM International
[bookmark: _Hlk97133344]C1202	Rapid Chloride Penetration Test
C1603	Standard Test Method for measurement of Solids in Water
C1611	Standard Test Method for Slump Flow of Self-Consolidating Concrete

	Australian Technical Infrastructure Committee
ATIC SP43	Section SP43 Cementitious Materials for Concrete.


[bookmark: _Toc135059366]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 1379 and AS 5100.5, the following definitions and apply to this Specification:
	[bookmark: _Hlk96324387]High Workability Concrete (HWC):
	Concrete where the workability is such that it cannot be measured by the slump test and is instead specified by other properties, such as slump flow, viscosity and J-Ring passing ability. Distinct from Self-Compacting Concrete in that it does not self-consolidate.

	[bookmark: _Hlk91085466]Principal’s Registration Scheme:
	Any scheme for the prequalification, registration or approval of products, quarries, manufacturers, suppliers and/or Professional Engineers in operation in the jurisdiction where the concrete is to be placed.

	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: 
is a Chartered Professional Engineer; or
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).

	Self-Compacting Concrete (SCC):
	Concrete that is able to flow and consolidate under its own weight, completely fill the formwork or excavation even in the presence of dense reinforcement, whilst maintaining homogeneity and without the need for additional compaction, and which complies with specified requirements for slump flow, viscosity and passing ability.
Also called Self-Consolidating Concrete.


[bookmark: _Toc514678947][bookmark: _Toc886734][bookmark: _Ref72496920]


[bookmark: _Toc135059367]Quality System Requirements
[bookmark: _Ref38636968][bookmark: _Ref9599800]The Contractor must prepare and implement a Quality Plan that includes the documentation in Table 4.1.
Table 4.1: Quality Plan
	Clause
	Description of document

	6
	Identification of the proposed concrete mix(es) and approval certification or other evidence that the mix design conforms with this Specification;

	14.1
	Method of identifying of any gross failures of the plant weighing system

	15 to 17
	Procedures and Inspection and Test Plans for concrete production, delivery, material testing and concrete testing.

	15
	Contingency plans to cover a potential plant breakdown, including a backup supply of concrete and / or constituent materials.

	15.14
	If applicable, procedures for long distance travel and / or extended placement times and managing the concrete temperature (also refer to Clauses 6.3 n) and 7.13).



	[bookmark: _Hlk9589851]HOLD POINT 1.

	Process Held
	Commencement of concrete production.

	Submission Details
	Evidence of a conforming mix design and the Quality Plan must be submitted to the Principal at least 20 working days prior to the commencement of concrete production.


The Contractor must ensure that the details of the concrete mix design specified in Clause 6 (including a trial mix if required) are submitted to the Principal, unless the:
1. concrete mix design has been provided to, and approved by, the Principal in the 12 months preceding the delivery of the concrete to site;
1. concrete mix has been approved by the Principal under a Principal’s Registration Scheme; or 
Contract documents specify that the concrete mix design does not need to be submitted to the Principal. 
Where a Principal’s Registration Scheme is in place for the supply of materials used in the manufacture of concrete, the materials must comply with that scheme for concrete placed in that jurisdiction.
[bookmark: _Toc29489164][bookmark: _Toc1138829][bookmark: _Toc9850016]Concrete must be manufactured under a Quality Management System which has been certified to AS/NZS ISO 9001 by a JAS-ANZ accredited organisation.
[bookmark: _Toc135059368][bookmark: _Ref36452975][bookmark: _Ref37259324]Supply of Concrete
The Contractor must ensure that the Concrete:
1. complies with the concrete mix design requirements specified in Section 4 of AS 5100.5, as amended by this Specification; and
is manufactured, delivered and tested in accordance with AS 1379, as amended by this Specification. 
The substitution of a higher strength grade for the strength grade that has been specified on the Drawings is only permitted with the Principal’s prior approval.

[bookmark: _Ref57043775][bookmark: _Toc135059369][bookmark: _Toc93485777]Mix Design (refer 5100.5 Section 4)
[bookmark: _Toc135059370]General
Unless another period is specified in the Contract documents, the design life (i.e., the period adopted in design for which a structure or structural element is required to perform its intended purpose with periodic maintenance and without replacement or major structural repairs) is 100 years.
The Principal agrees to maintain the confidentiality of any information provided by the Contractor under this Clause 6.
[bookmark: _Toc135059371]Submission of the Mix Design
[bookmark: _Ref92358491]Unless specified otherwise in the Contract documents, a concrete mix design must be submitted to the Principal and include the following at a minimum:
a) Mix identification / code and version; 
b) Name of the concrete supplier; 
c) Location of batch plant; 
d) Intended application (eg: cast in place, precast, sprayed, extruded, piling); 
e) Target strength;
f) Minimum compressive strength at 28 days and target compressive strength used in the design;
g) Strengths prior to 28 days where early removal of formwork or transport of members is proposed;
h) Nominated slump (or spread);
i) Maximum water content and maximum W/C ratio;
j) Details of constituent materials, including:
1. Types, proportion by mass and sources of the various constituent materials;
All applicable approval / registration numbers (including ATIC Registration Number) for the constituent materials;
Test results of the properties of the constituent materials required under this Specification, including aggregate gradings, water absorption, saturated surface dry densities, soluble salts content, recycled water properties and alkali-silica reactivity;
Chemical admixtures details and manufacturer's recommended dosage rates and method of use.  If admixture dosages are nominated as a range, refer to the maximum variation permitted under Clause 15.8.
k) For SCC and HWC, the nominated properties of the plastic concrete;
l) Level of control, accuracy and method of determination of both the coarse and fine aggregate moisture content;
m) Test results of the properties of the plastic and hardened concrete required under this Specification, including 3, 7 and 28 day compressive strength test results and calculations required under Section 6 of AS 1379; and
n) [bookmark: _Ref92358474]Where applicable, a report of the result of the trial mix test results in accordance with Clause 7 (including additional testing for extended placement times, if applicable).
[bookmark: _Toc135059372]Target Strength
[bookmark: _Ref74841598][bookmark: _Ref37251493]The mix design must include the target strength in accordance with Clause 6.5.
[bookmark: _Ref74847692]The target strength (i.e., the compressive strength of the concrete at 28 days selected for design of the mix) is calculated from the equation:
	

	[bookmark: _Ref37251848]where
	
	

	 
	=
	Target strength

	 
	=
	Standard deviation


[bookmark: _Ref38865193][bookmark: _Ref38865201][bookmark: _Ref74841306][bookmark: _Hlk37251970]The value of s must be calculated from the most recent 15 consecutive test results for that strength grade of concrete (not necessarily the nominated mix). The value of s to be used in Clause 6.5 is determined from Table 6.5.
Table 6.5:  Value of standard deviation
	Calculated value of s
	Value of s to be used in Clause 6.5

	[bookmark: _Hlk37252006]< 0.08 f′c
	0.08 f′c

	> 0.20 f′c
	0.20 f′c

	≥ 0.08 f′c and ≤ 0.20 f′c
	Calculated value


[bookmark: _Hlk37258653]Where 15 test results are not available, the value of s to be used in Clause 6.5 must not be less than 0.12 f′c.
[bookmark: _Toc135059373][bookmark: _Ref56784709][bookmark: _Hlk37173619]Concrete for Cast-in-Place Piles 
[bookmark: _Ref74847936]If the concrete is to be used in cast-in-place piles, the trial mix must be tested for filtration loss and filter cake thickness in accordance with ATM 780. The test results must comply with Table 6.6 and not be more than 12 months old. 
[bookmark: _Hlk36459007]Table 6.6: Filtration loss and filter cake thickness
	Property
	All piles

	Filtration loss (l/m³) – maximum
	15

	Filter cake thickness (mm) – maximum
	100


[bookmark: _Toc135059374]Requirements for Concrete in Exposure Classifications Other than U
[bookmark: _Hlk37754411]For an exposure classifications A, B1, B2, C1 and C2, the concrete mix design must comply with Table 4.4.1(A) of AS 5100.5, except that the minimum f′c for exposure classification C2 is 55 MPa.
[bookmark: _Ref84345244][bookmark: _Hlk84400192]If specified in the Contract documents, the proportions of supplementary cementitious materials must comply with Table 6.8, which replaces Table 4.4.1 (B) and Table 4.10 of AS 5100.5. The combined total of the materials must add up to 100%.
Table 6.8: Supplementary cementitious materials
	Blend No.
	GP cement
(%)
	Fly ash
(%)
	Ground granulated blast furnace slag (%)
	Amorphous silica
(%)

	1 (1)
	65 to 75
	25 to 35
	
	

	2
	50 to 55
	25 to 30
	20 to 25
	

	3
	60 to 70
	20 to 30
	
	5 to 10

	4
	30 to 40
	
	60 to 70
	


Not to be used for Exposure Class C1 or C2.
If specified in the Contract documents, precast concrete members must contain a corrosion inhibitor if the members are to be placed in exposure classification C2 which is also in a chloride aggressive environment.
[bookmark: _Toc135059375]Combined Aggregate Grading 
The combined aggregate grading must be such that the concrete mix has the required workability, resistance to segregation, and resistance to bleed. 
With reference to coarse aggregate products (e.g., 20 mm graded aggregate), the product representing the maximum nominal aggregate size must be the largest portion.  
[bookmark: _Toc135059376]Self-Compacting Concrete and High Workability Concrete
SCC may only be used where specified in the Contract documents.
The Quality Plan may include a proposal to use SCC in other situations, such as where there is an intricate shape and/or heavily congested reinforcement that warrants a high degree of workability. Any such proposal must include documented evidence that the SCC will achieve the specified durability and strength requirements.
[bookmark: _Hlk74926308]In addition to the nominated spread in Table 6.16 b), SCC and HWC must be designed to achieve the properties specified in Tables 16.6 and 16.8. When placed in water, SCC (if permitted in the Contract documents) and HWC must be sufficiently stable and cohesive to avoid segregation and wash-out. 


[bookmark: _Toc135059377]Nominated Slump and Spread 
[bookmark: _Ref74915988][bookmark: _Ref36653365]The nominated slump or spread selected must be consistent with the production of a workable mix for each section of the Works concerned which may be placed, compacted and finished without deleterious effects.
[bookmark: _Ref70079153]Unless specified otherwise in the Contract documents, the slump or spread nominated by the Contractor for each grade of concrete used in the Works must be a discrete value which falls within those given in Tables 6.16 a) or b) as appropriate.
Table 6.16 a): Permissible slump for the nominated application
	Application
	Minimum nominated slump
(mm)
	Maximum nominated slump
(mm)

	Cast in place
	80
	150

	Precast 
	80
	200

	Cast-in-place piles (Dry) 
	150
	180

	Cast-in-place piles (Wet) 
	180
	200


Table 6.16 b): Permissible spread for the nominated application
	Application 
	Minimum nominated spread
(mm)
	Maximum nominated spread
(mm)

	Cast-in-place piles (Wet)
	550
	650

	Precast (1)
	650
	700


1. [bookmark: _Ref56777343]If permitted.
[bookmark: _Ref86388533][bookmark: _Toc135059378]Trial Mix
[bookmark: _Ref38637058]A trial mix or mixes to demonstrate that the concrete mix will conform with this Specification must be prepared unless:
a) the mix is approved under a Principal’s Registration Scheme;
b) the Contract documents specify that a trial mix is not required; or
c) test results demonstrating satisfactory performance for the proposed mix over a period of at least one month have been included in the approved Quality Plan. 
	WITNESS POINT 1.

	Process 
	Trial mix.

	Period for Submission
	Notification must be submitted to the Principal at least 3 days prior to the commencement of the trial mix.


A trial mix must be:
a) made using the materials and procedures proposed for the Works (including the addition of any admixtures on site);
b) made with plant which is the same or similar to that proposed for the works; 
c) made with a minimum volume of 25% of the rated capacity of the mixer;
d) batched using the nominated (design) value for the water / cement ratio; and
e) sampled and tested for slump (or slump flow, T500 (measure of viscosity) and J-Ring passing ability if appropriate) after a time delay equivalent to the anticipated average delivery time between mixing of the concrete and sampling.
At least four cylinders must be cast from each trial mix for compressive strength testing at 28 days. Additional cylinders (a minimum of 3 per age) must cast if strength gain is to be assessed for early stripping or loading.
A report providing details of the trial mix and all test results must be submitted to the Principal with the mix design.
If testing of the volume of permeable voids is specified in the Contract documents, an additional 2 cylinders per sample must be prepared and tested for compliance with Clause 18.
The Contractor must prepare a report on the trial mix, which in addition to providing the test results of the plastic and hardened concrete, demonstrates that the materials and batching tolerances conform to this Specification.
[bookmark: _Toc135059379]Self-Compacting Concrete and High Workability Concrete
[bookmark: _Ref74928851]Where SCC or HWC is proposed, at least 2 trial mixes must be prepared. The trial mixes must demonstrate compliance with Tables 16.6 or 16.8.
[bookmark: _Toc135059380][bookmark: _Hlk74842213]Chloride Ingress 
[bookmark: _Hlk74842326][bookmark: _Ref38626753]If specified in the Contract documents that:
1. rapid chloride penetration testing is required, then Clause 7.9 will apply.
chloride ingress coefficient testing is required, then Clause 7.10 will apply. 
[bookmark: _Ref74842170][bookmark: _Hlk97283144]The trial mix is tested for chloride permeability by the rapid chloride penetration test. The chloride permeability must be < 1000 Coulombs at 56 days when tested in accordance with ASTM C1202.
[bookmark: _Ref97283930][bookmark: _Hlk74841982]The trial mix is tested for the chloride ingress coefficient testing in accordance with Nordtest NT Build 443 at a concrete age of 56 days or Nordtest NT Build 492 at a concrete age of 28 days. The chloride ingress coefficients must not exceed the values in Table 7.9.
Table 7.9: Chloride ingress coefficients
	Exposure classification
 (refer AS 5100.5)
	De
(x 10-12 m2/sec)
	Dnssm
(x 10-12 m2/sec)

	B2
	3.5
	8.0

	C1
	2.0
	4.0

	C2
	2.0
	4.0


1. Continuously standard moist-cure after demoulding specimens for Nordtest NT Build 443 and NT Build 492 tests, and test at an age of 56 and 28 days respectively. For heat accelerated curing, initially cure test specimens in identical environment to concrete member, then moist cure them till testing.
Specified coefficients are based on minimum concrete cover values specified in AS 5100.5:2017 Table 4.14.3.2. If corrosion inhibitor is included, minimum cover may be reduced by 10 mm.
[bookmark: _Toc135059381]Drying Shrinkage
[bookmark: _Ref56783977]Clause 7.12 applies if it is specified in the Contract documents that drying shrinkage testing is required for the trial mix.
[bookmark: _Ref74842352]Drying shrinkage (determined from the average value of 3 specimens) must must not exceed the values in Table 7.12 after either of 21 days or 56 days drying period. 
[bookmark: _Hlk74842375]Table 7.12: Maximum Drying Shrinkage of Concrete Specimens
	Exposure classification
	Additional constraints or requirement
	Maximum drying shrinkage strain (microstrain) 
Tested in accordance with AS 1012.13

	
	
	Drying period

	
	
	21 days
	56 days

	A
	-
	570
	690

	B1, B2
	-
	500
	630

	
	SCC or HWC:
	600
	720

	
	Concrete containing 30% minimum ground granulated iron blast furnace slag (by mass):
	650
	760

	C1, C2
	-
	430
	560

	
	SCC or HWC:
	530
	650

	
	Concrete containing 30% minimum ground granulated iron blast furnace slag (by mass):
	550
	670

	
	Precast members where corrosion inhibitor is included in the mix:
	650
	760

	U
	-
	As specified in the Contract documents


[bookmark: _Toc135059382][bookmark: _Ref92363227]Extended Placement Time
[bookmark: _Ref92437576]Where long distance travel and / or extended placement time (refer Clause 15.15)  is proposed, the testing of the trial mix must include slump (or slump flow, T500 time, J-Ring passing ability for SCC if appropriate) and concrete temperature at regular intervals of not more than 30 minutes. The test results from the trial mix must demonstrate that that the concrete mix properties will not be adversely affected by the extended placement time.
[bookmark: _Toc135059383]Concrete Constituents – Cementitious Materials
[bookmark: _Ref15996048]All cementitious materials must:
1. comply with ATIC SPEC SP43;
be registered on the ATIC Cementitious Materials Registration Scheme (CMRS), refer: http://atic.net.au/ATIC_conformity_assessment.html; and
not be more than 3 months old, unless it is retested to demonstrate compliance with the requirements of AS 3972 and ATIC SPEC SP43.
The applicable CMRS registration numbers must be included in:
a) the concrete mix design submission, and 
b) all cementitious material delivery dockets and test certificates.
If requested by the Principal, the Contractor must take 5 kg representative grab sample(s) of the cementitious materials to be used in the concrete batch and provide the sample to the Principal.
[bookmark: 5_Product_Certification][bookmark: _Ref36453982][bookmark: _Ref36453986][bookmark: _Toc135059384][bookmark: _Ref15469889][bookmark: _Hlk9598492]Concrete Constituents – Aggregates
[bookmark: _Toc135059385]General
The source and designation of the aggregates must be included in the concrete mix design. If the aggregates have not been approved under a Principal’s Registration / Prequalification Scheme, test results evidencing that the aggregates comply with this Specification must be provided with the mix design.
[bookmark: _Ref57102115]The Contractor may submit a proposal to the Principal for the use of aggregates which do not comply with this Clause 9 if it can provide objective documented evidence that the properties of the plastic and hardened concrete will not be adversely affected by the use of that aggregate. This includes evidence of acceptable performance regarding the tendency for segregation, bleeding, plastic shrinkage, satisfactory compaction and finishing properties. The Principal is under no obligation to accept any such proposal.
Aggregates sourced from the following must not be used for the manufacture of concrete: 
a) weak or non-durable sedimentary rocks (for example sandstone, siltstone, mudstone, arenite, and chert);
b) duricrust rocks (for example silcrete, ferricrete, and calcrete); 
c) recycled concrete, slag and synthetic materials; and
d) sulphide mineral-bearing rocks, at levels over 1% of total mass (for example pyrhotite, pyrite, chalcopyrite).
Unless specified otherwise in the Contract documents, each type and source of aggregate must be tested separately and must meet the minimum requirements of AS 2758.1 as well as any additional requirements of this Clause 9. The Contractor must ensure that all test results required under this Clause 9 are made available to the Principal.
All materials must be of uniform quality, have a homogeneous appearance for the duration of the Work and be free from any foreign materials such as dust, organic matter and soil.
[bookmark: _Toc135059386]Testing of Aggregates
[bookmark: _Ref36461345]Unless the Contractor has demonstrated a system of statistical process control and the Principal has approved a lower frequency of testing pursuant to a Principal’s Registration Scheme, the frequency of testing must not be less than that shown in Table 9.6.
Table 9.6: Minimum frequency of testing
	[bookmark: _Hlk36447424]Test
	Minimum frequency of testing

	Grading of fine aggregates
	On each day one per 500 ton or part thereof

	Grading of coarse aggregates
	On each week one per 1500 ton or part thereof

	Water absorption of fine and coarse aggregates
	At 3 monthly intervals

	Unsound rock content
	On each day one per 500 ton or part thereof

	Flakiness index of coarse aggregate 10 mm and larger
	At monthly intervals

	Degradation factor of crusher fines
	At monthly intervals

	Organic impurities other than sugar of natural fine aggregate
	At monthly intervals

	Alkali reactivity of aggregate sources (not required if a cementitious blend for control of alkali silica reaction is used)
	At 12 monthly intervals

	Wet and dry strength and sodium sulphate soundness for pebble aggregates
	At 3 monthly intervals


[bookmark: _Toc135059387]Coarse Aggregates
The maximum nominal aggregate size must not be greater than 20 mm or less than 7 mm. The use of 20 mm nominal aggregate is not permitted in bearing pedestals or in concrete used in precast members with a clear cover to concrete of 25mm.
[bookmark: _Ref36461480]Pebble aggregate must not be used unless specified otherwise in the Contract documents. If pebble aggregate is permitted, it is subject to the following requirements:
a) The Los Angeles value (LAV) is not greater than 45;
b) Where the LAV of pebble aggregate or blended aggregate containing pebbles is greater than 35 but equal to or less than 45, the wet and dry strength variation must be equal to or less than 25 and the sodium sulphate soundness must be equal to or less than 8; and
c) The frequency of testing for wet and dry strength and sodium sulphate soundness is in accordance with the requirements of Table 9.6.
[bookmark: _Toc135059388]Fine Aggregates
Fine aggregate must consist of natural sand and / or crushed fine aggregate (“manufactured sand”). If the use of more than 75% crushed fine aggregate is proposed, evidence of acceptable performance regarding tendency for segregation, bleeding, plastic shrinkage, satisfactory compaction and finishing must be submitted with the mix design. 
Unless specified otherwise in the Contract documents, individual fine aggregates must meet the minimum requirements of AS 2758.1, as well as any additional requirements of this Clause 9.
[bookmark: _Ref84419790]Any crushed fine aggregate produced from igneous or metamorphic rock must have a degradation factor crusher fines of not less than 60.
If requested by the Principal, the Contractor must provide evidence that the fine aggregate complies with all of the following requirements:
1. The maximum limit for water absorption is 2.5%.
For each type of fine aggregate proposed for use in the mix, when tested for methylene blue adsorption value (MBV) in accordance with AS 1141.66, the product of the MBV in mg/g and the percentage passing 75 µm sieve value (multiplied by 100) of any sample does not exceed 100.
For manufactured sands, the sodium sulfate loss when tested in accordance with AS 1141.24 does not exceed a weighted average loss of 6% for all exposure classifications.
The quantity passing 2 µm sieve must not exceed 1% of the total fine aggregate (by mass) where tested in accordance with AS 1141.13. Where more than one type of fine aggregate is proposed for use in the mix, the mass passing 2 µm sieve may be calculated from individual aggregate test results.
[bookmark: _Ref38637267][bookmark: _Toc135059389][bookmark: _Hlk37261472]Concrete Constituents – Mixing Water
[bookmark: _Ref56585262]The quality of water to be used in the concrete mix and for the curing of concrete must comply with the requirements of Clause 2.4 of AS 1379, being clean and free from amounts of suspended material, sugars, organic matter, alkali salts or other impurities which may adversely affect the properties of the concrete or have harmful effects on the reinforcement or prestressing system or other fixtures embedded within the concrete.
[bookmark: _Ref91160951][bookmark: _Hlk91161361]For water which is not drawn from a stable reticulated drinking water supply, the water must comply with Table 10.2, which replaces Table 2.2 of AS 1379:
Table10.2 Limits for Impurities in water
	Impurity
	Concentration
	Test method

	Sugar
	≤ 100 ppm
	AS 1141.35

	Oil and grease
	≤ 50 ppm
	APHA 5520

	pH
	> 5.0
	AS/NZS 1580.505.1

	Total dissolved solids
	≤ 1,700 ppm
	AS 3550.4

	Chloride as Cl
	≤ 300 ppm
	APHA 4500

	Sulfate as SO3
	≤ 350 ppm
	AS 1289.4.2.1

	Alkali (sodium equivalent)
	≤ 1,500 ppm
	ASTM C114 or BS EN 196-21

	Total suspended solids
	≤ 15,000 ppm
	ASTM C1603


Any recycled or non-potable water must be regularly sampled and tested demonstrate compliance with the requirements of this Clause 10 and AS 1379. The interval between testing must not exceed one month.
Unless specified otherwise in the Contract documents, recycled water must not be used in concrete for exposure classifications C1 and above.
The Contractor may submit a proposal to the Principal to use water with a chloride level above that specified in Table 10.2, subject to compliance with Clause 12 and a satisfactory trial mix using that water being submitted in accordance with Clause 7. 
[bookmark: _Toc135059390]Concrete Constituents – Chemical Admixtures 
The only admixture types permitted (including a combination of these types) are as follows:
1. water reducing (WR, MWR, HWR);
1. set retarding (Re);
1. set accelerating (Ac); 
1. air-entraining (AEA); 
1. slump retention admixtures (when used for concrete for long distance travel / extended placement time); and
rheology/viscosity modifying admixtures, for high workability concrete, super-workable concrete and for shotcrete.
If the admixtures have not been approved under a Principal’s Registration Scheme, test results evidencing that the admixtures comply with this Specification must be provided with the mix design. If requested, every 2 months during concrete production, test results must be submitted to the Principal.
Sugar, independent from an AS 1478 complying admixture, must not be used as a set retarding agent.
The total alkali contribution (measured as Na2O equivalent) of all admixtures used in a mix must not exceed 0.2 kg/m3. Admixtures, at their maximum typical dosage (as noted on technical data sheets) must not contain sulphate ions (reported as SO3 or chloride ions (reported as Cl) such that the trial mix concrete exceeds specified limits of concentration of these ions per cubic metre of concrete as specified in Clause 12.
Admixtures in a single mix must be sourced from the one supplier, unless approved on the basis of satisfactory mix trials and evidence of performance.
Where air entrainment is used, the air content of the concrete used must have a maximum value of 6%, unless otherwise specified. The Contractor must carry out testing of the air content of concrete in accordance with AS 1012.4.1 or AS 1012.4.2 or other method approved by the Principal. In addition, the concrete manufacturer must submit proof that the air content can be sufficiently controlled and that the compressive strength remains in compliance.
If a corrosion inhibitor is used, it must contain a minimum of 30% of calcium nitrite solids, and the corrosion inhibitor application rate must be such that the concrete contains a minimum of 9 kg of calcium nitrite solids per cubic metre. Where retarders additional to those already present in the corrosion inhibitor are used to further modify the acceleration characteristics of the corrosion inhibitor, the retarders must be added to the concrete before or together with the admixture


[bookmark: _Ref91161209][bookmark: _Toc135059391]Concrete Constituents – Limitations on Chemical Content
[bookmark: _Ref39478012][bookmark: _Hlk36817394]The sulphate and acid soluble chloride‑ion content must be determined by either testing hardened concrete in accordance with Clause 12.2 or testing the individual components of the mix and summed by calculation in accordance with Clause 12.3. Tests are to be repeated yearly. 
[bookmark: _Ref39492407]Where the chloride ion content is determined by testing of hardened concrete, the testing must be in accordance with the following: 
1. Sampling in accordance with AS 1012.8.1 with a minimum sample size of 1.2 kg;
Testing in accordance with AS 1012.20.1;
Two portions (subsamples) must be tested; if either is non-conforming, a further three portions must be tested; and
The test report must include:
1. details as per AS 1012.20.1 Clause 9;
individual chloride contents (by mass) from each sample;
average chloride content (by mass);
standard deviation of chloride content (by mass); and
average chloride content (kg/m³).
[bookmark: _Ref39492416]Where chloride ion content is determination by testing individual components and calculation, the process must be in accordance with the following:
1. Testing of individual components for chloride ion content in accordance with AS 1012.20.1 for aggregates and AS 2350.2 for cementitious materials; and
1. The total chloride content of concrete is determined by the summation of the individual chloride contents of the mix components (cementitious material, aggregates, water and admixtures) in the same proportions as the quantities in the mix design.
[bookmark: _Ref84400006][bookmark: _Toc135059392][bookmark: _Hlk38620255]Alkali Aggregate Reaction 
Unless specified otherwise in the Contract documents, the Contractor must ensure that either:
1. the approved concrete mix design includes a blend of Supplementary Cementitious Materials that comply with Table 6.8; or
the aggregate has been assessment for Alkali Aggregate Reactivity and approved under a Principal’s Registration Scheme.
If approved under a Principal’s Registration Scheme, the aggregate must be used in accordance with any conditions included in that approval, such as cement type and cement content.
[bookmark: _Toc135059393][bookmark: _Hlk36454429]Plant and Equipment 
[bookmark: _Ref93483658]The Quality Plan must include a means of quickly identifying any gross failures of the plant weighing system that would cause the system to be outside the allowable calibration limits specified in AS 1379 (e.g. routinely assessing changes in concrete plastic properties, inventory control of concrete materials used or routine standard weight checking).
Bulk cementitious materials must be stored in watertight silos which clearly identify the contents and incorporate a mechanism to prevent a silo inadvertently being filled with another material. 
Any bagged cementitious materials must be stored above ground and level in dry, weatherproof sheds and be protected from dampness which may be acquired from contact with floors or walls. Bags must be stacked so as to allow counting, inspection and identification of each consignment. 
Cementitious materials must be used in order of receipt at the manufacturing plant.
Aggregates must not be stored in direct contact with bare earth. 
The plant must be designed and operated such that only a negligible amount of aggregate enters the hopper after closing off the supply of aggregate.
Reports verifying the calibration of weighting devices must comply with AS ISO/IEC 17025 and include the working range of the scales/hopper (in addition to the capacity of the load cell). Calibration of scales must extend to the full working range.
Volumetric batching of water must utilise a measuring device calibrated in 1.0 litre increments.
Measuring devices for admixtures must be calibrated with the increments not exceeding 5% of the total volume of the admixture to be measured or 20 mL, whichever is the greatest. The measuring devices must be regularly calibrated at intervals not exceeding 3 months.
[bookmark: _Ref76715106][bookmark: _Toc135059394]Production and Delivery
[bookmark: _Toc135059395]General
[bookmark: _Ref38629952]The Quality Plan must include a procedure or instruction for the regular measurement and recording of aggregate moisture content to ensure that the total amount of water in the mix can be accurately calculated. At a minimum, the moisture content must be checked prior to concrete production for the day, whenever production conditions change or when fresh aggregates are delivered.
A batch of concrete must not be less than 1.0 m3.  The quantity of concrete delivered in any mixer or agitator must not exceed the rated capacity of the agitator drum.
[bookmark: _Ref38867128]The addition of dry components to an already mixed batch is only permitted under the following circumstances: 
1. the concrete is a standard slump mix (that is not HWC nor SWC)
1. the concrete has not left the batch plant; 
no concrete from the batch has been discharged; 
the materials are added at the same proportions as the mix designs, and 
accurate records of all materials in the batch are kept. 
The consistency and workability of concrete must be such that it can be handled and transported without segregation and can be placed, worked and compacted into all corners, angles and narrow sections of forms, and around all reinforcement.
The timing of production must ensure a continuous placing operation. If concreting operations, for a single element, exceed 12 m³ per day, the Contractor must ensure the availability of standby agitator truck(s) and an alternative production facility. 
The addition of water to the mixed batch of concrete at the slump stand must be undertaken in a disciplined manner, such that slump stand water meters are initially zeroed and actual amounts of water added into the agitator drum are accurately recorded. Only hoses connected to a functioning and accurately calibrated slump stand water meter must be used to add water to the freshly mixed concrete in the agitator drum. The actual amount of water added into the agitator drum at the slump stand must be recorded and included in the delivery docket.
The disposal of water, contaminants, debris, excess concrete and other materials from concrete supply operations must be in accordance with applicable environmental legislation and the environmental management requirements specified elsewhere in this Contract.
[bookmark: _Ref36653218]The constituent materials in the mix design used for production must not vary from the approved mix design submitted to the Principal in accordance with Clause 6 by more than the limits specified in Table 15.8.
Table 15.8: Permissible variations in mix design proportions
	[bookmark: _Hlk37251407]Component
	Maximum variation

	Total cementitious material
	0, + 20 kg/m³

	Aggregates
	± 5%

	Water
	± 3%

	Admixtures (excluding types Ac and Re) (1)
	± 20% or ± 100 mL/100 kg of cementitious material (whichever is greater)

	Air-entraining Admixtures (1)
	± 50% or ± 100 mL/100 kg of cementitious material (whichever is greater)


1. The permitted variation of admixture dose applies to a discrete target value, or to the mean value of a range
If a production mix is outside the maximum variations specified in Table 15.8 or the source of the constituent materials changes, a new mix design or a variation to the mix design must be submitted to the Principal in accordance with Clause 5.
[bookmark: _Ref93483134]Prior to the discharge of concrete at the site, the mixer or agitator must be operated at mixing speed until the concrete achieves the required uniformity but for not less than a period of three minutes.  Where superplasticisers or other admixtures are added to the concrete on site, the concrete must be mixed for a period of not less than five minutes prior to the discharge at the site.
[bookmark: _Toc135059396]Water Left in the Mixer or Agitator
[bookmark: _Ref92370359]Water left in the mixer or agitator from the previous load must be discharged prior to loading a new batch of concrete (refer to Clause 4.1.3(c) of AS 1379).  The Quality Plan must include a method or procedure for verifying compliance with this Clause 15.11. The batcher at the mixing plant must sign and date quality documentation verifying that this requirement has been met.
[bookmark: _Toc135059397]Addition of Water to a Mixed Batch
Further to Clause 4.2.3 of AS 1379, water or admixture may only be added to a mixed batch of concrete prior to the commencement of discharge if the following conditions are satisfied:
1. the maximum permissible water or admixture that was added has been listed on the concrete delivery docket or batch record; 
less than 45 minutes have elapsed since water was added to the cement;
a hydration control admixture has not been added to the approved mix to delay hydration;
no more than 10 litres per m3 of water is added;
the nominated design water/cement ratio is not exceeded by more than 10 % and the maximum permitted water / cement ratio Is not exceeded; 
the maximum admixture dose listed on the mix design is not exceeded;
the quantity of water or admixture added is measured using an accurate measuring device and the amount recorded on the delivery docket; 
the commencement of discharge of concrete into the Works has not commenced and the concrete has not begun to stiffen; and
after the water or admixture has been added, the concrete is mixed in accordance with Clause 15.10 and the slump is checked for compliance with this Specification.
Water must not be added to a batch after the commencement of the discharge of concrete.
[bookmark: _Toc135059398]Concrete Temperature and Period for Completion of Discharge
[bookmark: _Ref37769243][bookmark: _Ref74850291]If the concrete mix is designed for long-distance travel or extended placement times, the Quality Plan must include procedures for the management of the concrete transportation or extended placement times. This may require the use of:
1.  a set retarding admixture (added at the batch plant);
 a high range water reducing admixture (added on Site); or
 a hydration stabiliser (added at the batch plant) with an activating admixture (added on Site).
[bookmark: _Ref66265779][bookmark: _Ref92359180]If the time between charging of the mixer and placement of the concrete will exceed the time limit specified in Table 15.15, the Contractor must provide evidence acceptable to the Principal that the concrete can be properly placed and compacted without the addition of more water to the mixer. This evidence may include a trial mix incorporating the admixtures listed in Clause 15.14.
[bookmark: _Hlk74849637]Table 15.15: Placement and transport time limits
	Temperature of concrete
	Time limit between charging of the mixer and discharge

	< 32 °C
	60 minutes

	32 – 35 °C
	45 minutes

	> 35 °C
	Reject load


Transporting dry cementitious material and aggregates together to site and then adding water is not permitted. 
If the temperature of the concrete may exceed the specified limits without measures to ensure that the concrete temperature is conforming, the Quality Plan must include details of these measures, which may include:
1. spraying cold water on the concrete aggregate stockpiles;
use of refrigerated water or ice in the concrete mix as a partial replacement of normal mix water.
These measures may be in addition to measures taken on the Site, such as spraying reinforcement and formwork with water prior to placement of concrete and water mist spraying to cool the air above the placed and compacted concrete surface.
[bookmark: _Toc135059399]Delivery Docket
[bookmark: _Ref38637384]In addition to the information required by Clause 1.7.3 of AS 1379, the following information must also be recorded on, or attached to, the delivery docket (Identification Certificate):
1. The total water in the batch, including:
1. the moisture content of both fine and coarse aggregates as specified in Clause 15.1
batch water
water added at the slump stand
water added on site before commencement of discharge (if any, including water used to wash down the mixing blades of the mixer or agitator
volume of admixture (if in liquid form).
Total amount of water permitted to be added on site.
Total specified mass of cementitious material.
Consistency test, including:
1. nominated slump or slump flow, T500 and J-Ring passing ability
measured slump or slump flow, T500 and J-Ring passing ability.
Any other additions to a batch.
The unique Mix identification / code number allocated to the concrete mix design.
Further to the above requirements, the following information must be traceable to the batching plant(s) for each batch (truck load) of concrete used in the works, and must be made available for review upon request by the Principal.
1. Cementitious material brand and type, including:
1. proportions of components (by mass)
total actual mass of cementitious material
Chemical admixtures, including:
1. types
1. amounts.
All concrete batches (truckloads) used in the works must be traceable from the batch plant to its general location in the structure.
[bookmark: _Toc135059400][bookmark: _Hlk38620876]Sampling and Testing of Plastic Concrete
[bookmark: _Toc135059401]General
The Quality Plan must include a procedure(s) and ITP for site sampling and testing in accordance with the requirements of this Specification.
[bookmark: _Toc135059402]Consistency Testing
The consistency and workability of concrete must be such that it can be handled and transported without segregation and can be placed, worked and compacted into all corners, angles and narrow sections of forms, and around all reinforcement. 
[bookmark: _Ref38631008]Each batch of concrete must be visually checked before discharge. Unless specified otherwise, the consistency must be tested before being placed in the Works. The results of all tests carried out on plastic concrete must be submitted to the Principal within 3 working days of completion of the test.
[bookmark: _Ref38633424][bookmark: _Ref39162388]The concrete is non-conforming if any of the following applies: 
1. [bookmark: _Hlk39213125]notwithstanding the treatment (if any) specified in Clauses 16.12 or 16.13, the consistency is outside the limits in this Specification;
the appearance, colour or cohesiveness of the batch is significantly different from other batches of the same mix; or 
the concrete contains significant lumps of unmixed material that are unresponsive to further mixing. 
[bookmark: _Ref124320808]The slump of the concrete, other than HWC or SCC, must comply with AS 1379 Table 5.1.
[bookmark: _Ref74926248][bookmark: _Ref56786862][bookmark: _Ref74926249][bookmark: _Ref56780334][bookmark: _Ref56786854]HWC must be tested for compliance with Table 16.6.
Table 16.6: HWC properties
	Property
	Test method
	Acceptance criteria
	Test frequency

	Slump Flow
	AS 1012.3.5
	Measured slump flow is within 80 mm of the nominated spread.
The aggregate is evenly distributed throughout the concrete paste within the spread and does not exhibit signs of segregation.
	One per batch

	Tfinal time
(time to final spread)
	AS 1012.3.5
	Achieve the final spread within 4 to 11 seconds.
	One per batch

	Passing ability (1)
	AS 1012.3.5
	≤ 10 mm.
The concrete does not exhibit signs of segregation
	One per batch

	Stability
	ASTM C1611
	VSI rating:
Trial Mix:		0
During production:	0 or 1
	One per batch


1. Unless specified in the Contract documents that this test is not required.
For VSI rating of “0”, there must be no evidence of segregation or bleeding. Reflective shine caused by high range water reducing agents, particularly during cold weather, is not to be interpreted as water sheen on the concrete mass. Refer to Annexure B for examples of VSI Rating of “0”.
[bookmark: _Ref86995480]SCC must be tested for compliance with Table 16.8.
Table 16.8: SCC properties
	Property
	Test method
	Acceptance criteria
	Test frequency

	Slump Flow
	AS 1012.3.5
	The measured slump flow is within 50 mm of the nominated spread.
The aggregate is evenly distributed throughout the concrete paste within the spread and does not exhibit signs of segregation.
	One per batch

	T500 time
(measure of viscosity)
	AS 1012.3.5
	Achieve a spread of 500 mm within 2 to 5 seconds.
The final spread does not exceed 750 mm in diameter.
	One per batch

	Passing ability(1)
	AS 1012.3.5
	≤ 10 mm.
The concrete does not exhibit signs of segregation
	One per batch

	Stability
	ASTM C1611
	VSI rating:
Trial Mix:		0
During production:	0 or 1
	One per batch


1. Unless specified in the Contract documents that this test is not required.
[bookmark: _Toc135059403]Reduced Rate of Sampling and Testing
[bookmark: _Ref85619752]After 10 consecutive conforming batches, the Contractor may submit a proposal to the Principal to reduce the frequency of sampling and testing, provided a high level of process control, including a high level of control of total water content in the mix, is supported with objective documented evidence. The Principal is under no obligation to accept any such proposal.
[bookmark: _Ref85619760]Any approval for a reduced rate of consistency testing is rescinded if a Batch (prior to any treatment specified in Clauses 16.12 or 16.13) does not comply with this Specification.
Notwithstanding that a reduced rate of sampling and testing being approved, each batch must be visually checked for compliance with Clause 16.4 before discharge and the estimated slump recorded.
[bookmark: _Toc135059404][bookmark: _Toc142591]Slump or Spread Outside the Specified Tolerance 
[bookmark: _Ref38631234]If the slump or slump flow, T500 and J-Ring passing ability is below the tolerance specified in AS 1379 or this Specification, or workability needs to be increased within the tolerance range, the following treatments are permitted:
1. addition of water, subject to: 
1. the maximum water available to be added has been listed on the concrete delivery docket or batch record; 
the amount of water added does not exceed 10 litres per m3;
the added water is recorded on the delivery docket;
the design water / cementitious ratio is not exceeded;
the load is remixed in accordance with AS 1379; 
only a single sample has been taken previously; and 
the elapsed time from the time of batching does not exceed 45 minutes. 
[bookmark: _Ref38631259]addition of admixtures, subject to: 
1. the maximum admixture dose listed on the mix design is not exceeded; 
the load is remixed in accordance with AS 1379; 
the required slump, or spread, is achieved upon a second test; and 
the elapsed time from the time of batching does not exceed 45 minutes. 
[bookmark: _Ref38979113]If the slump or spread tests above the tolerance range, the concrete may be accepted provided: 
1. a retest falls within the tolerated range; 
the placement time limits are not exceeded; 
a new sample is taken prior to each test; 
the concrete is remixed between samples in accordance with AS 1379; and 
the results of all tests are recorded. 
The addition of more dry concrete mix components to decrease slump or spread is not permitted after the discharge of concrete has commenced (refer Clause 15.3).
[bookmark: _Toc135059405]Presence of Corrosion Inhibitor in Plastic Concrete 
[bookmark: _Ref37258240]If corrosion inhibitor is specified in the nominated mix, the presence and quantity of the calcium nitrite within the fresh concrete must be determined in accordance with ATM 765.  The frequency of sampling must not be less than 2 tests per 25 m3 or part thereof.
[bookmark: _Ref38635132][bookmark: _Ref38635276][bookmark: _Ref38637516][bookmark: _Toc135059406][bookmark: _Hlk38621160]Sampling and Testing of Hardened Concrete for Compressive Strength
[bookmark: _Toc135059407]Sampling
[bookmark: _Ref37067963]Unless specified otherwise in the Contract documents, The frequency of sampling for testing of hardened concrete must comply with Table 17.1 a) or Table 17.1 b) (as applicable) at all times during the pour of each Lot.
Table 17.1 a): Sampling for testing of cast-in-place hardened concrete
	No of batches
	Total number of samples (minimum)

	1
	1

	2
	2

	3
	2

	4
	3

	5
	3

	6 or more
	3 plus one additional sample for every additional 5 batches or part thereof.


Table 17.1 b): Sampling for testing of precast hardened concrete
	Volume (m3)
	Total number of samples (minimum)

	≤ 5
	1

	> 5 and ≤ 15
	2

	> 15
	2 plus one additional sample for every additional 25 m3 or part thereof.


For the purposes of determining rate of sampling, a Lot is limited to concrete produced within a 24 hour period. Each Batch within a Lot must be batched under identical conditions using the same mix design. Sampled Batches must be evenly distributed through the Lot. Each sample must contain sufficient concrete to cast the number of cylinders to meet the requirements of Table 17.3.

[bookmark: _Toc135059408][bookmark: _Hlk37082905]Compressive Strength Testing
[bookmark: _Ref38632231][bookmark: _Ref124321076][bookmark: _Hlk124252526][bookmark: _Hlk124252403]Unless specified otherwise, the frequency of testing concrete for compressive strength from each sample must not be less than that specified in Table 17.3. All test results must be submitted to the Principal within 5 working days of completion of the test.
Table 17.3: Minimum number of compression tests from each sample
	Application
	Number of compression tests from each sample at the specified time

	
	Prior to 7 days
	7 days
	28 days
	Prior to application of prestress
	Total

	[bookmark: _Hlk37082641]Reinforced concrete
	
	1
	2
	
	3

	Reinforced concrete – early assessment (1)
	1
	1
	2
	
	4

	Pre tensioned concrete
	
	
	2
	1
	4

	Post tensioned concrete: force applied on or after 28 days
	
	
	2
	1
	4

	Post tensioned concrete: force applied before 28 days
	
	1
	2
	1
	5


1. Applicable where an early assessment of strength is required, such as early loading, early removal of formwork is proposed, or where concrete is to be placed over or adjacent to and connected with a previous section prior to achieving the minimum 7 day compressive strength. 
[bookmark: _Ref38633970]Any sample taken for the purpose of assessing strength earlier than 28 days after casting the test cylinder must be cured under conditions which are equivalent to the conditions for the portion of the concrete element which the test cylinders represent.  
Test cylinders must be moved or transported to the laboratory for testing at a time where specimens have reached strength that is at least equivalent to requirements of clause 9.2.2 of AS 1012.8.1.
The Contractor may submit a proposal to the Principal for a reduced rate of testing in accordance with Clauses 16.9 and 16.10.
Where temperature matched curing and / or the use of the maturity method is proposed, refer to ATS 5321.
[bookmark: _Toc135059409][bookmark: _Ref38635321]Monitoring of Concrete Strength
The compressive strength of the concrete must be monitored and trends observed. Where an average of more than 30 m3 per day of concrete is to be placed in a four-week period, monitoring must include early age testing (3 or 7 days) and a comparison of cylinder strengths with previously measured strength gain results.
[bookmark: _Ref72766396]For each insitu concrete mix, where 10 or more samples have been tested, the Contractor must provide a monthly report covering the concrete supplied in that month confirming the concrete lies within the limits of Table 17.9.
Table 17.9: Long-term monitoring of concrete (cast in place only)
	Measure
	Limit

	Standard deviation
	≤ 1.29 x nominated standard deviation

	Average 28 day strength
	≥ 0.5 (f’c + f’t)


Where the concrete performance lies outside these limits, the Contractor must provide the raw data and a trend graph showing seven day (if available) and 28 day strengths. The Principal may withdraw approval of the mix design if the Contractor cannot demonstrate that control of the concrete performance is being maintained. 
[bookmark: _Toc84409059][bookmark: _Toc135059410][bookmark: _Ref38634641]Post 28 day Strength Testing
[bookmark: _Ref84413635][bookmark: _Hlk76714526]This Clause 17.11 does not apply unless it is specified in the Contract documents that post 28 day strength testing is permitted. For a specimen tested more than 28 days after moulding, the equivalent 28 day strength is the test strength divided by the age factor given in Table 17.11,  The factor for intermediate ages is determined on a pro-rata basis.
Table 17.11:  Factors for age of specimens
	Age of specimen at time of
test (days)
	Age factor: Shrinkage limited cement
	Age factor: Blended cement

	28
	1.00
	1.00

	56
	1.08
	1.19

	112
	1.14
	1.33

	224
	1.22
	1.42

	365 or greater
	1.25
	1.45


[bookmark: _Ref37082972][bookmark: _Ref56754425][bookmark: _Toc135059411][bookmark: _Hlk38621821]Durability Testing using the Volume of Permeable Voids Test
This Clause 18 only applies if the Contract documents specify that testing by the Volume of Permeable Voids (VPV) Test Method is required.
 Where:
1. the volume of a concrete pour exceeds 50 m3; or
the Exposure Classification is C1, C2 or U
at least two cylinders (in addition to those required for compressive strength testing) must be cast from each sample and tested for VPV at 28 days, in accordance with test method AS 1012.21.
[bookmark: _Ref38635373]The maximum VPV values at 28 days for each concrete grade for both test cylinders and concrete test cores cut from cast in situ and sprayed concrete must comply with Table 18.3.
Table 18.3: Maximum VPV Values at 28 days (%)
	Concrete strength grade
	Test cylinders (compacted by vibration)
	Test cylinders (compacted by rodding)
	Test cores

	32
	14
	15
	17

	40
	13
	14
	16

	50
	12
	13
	15

	55
	11
	12
	14

	60
	11
	12
	14

	> 60 and < 80
	10
	11
	13

	≥ 80 and ≤ 100
	9
	10
	12


Note: For the purpose of satisfying the requirements of this clause, VPV test results may be rounded down to the nearest whole number for the corresponding concrete strength grade.
[bookmark: _Ref124321105]All test results must be submitted to the Principal within 5 working days of completion of the test.

[bookmark: _Ref38867485][bookmark: _Toc135059412]Non-conforming Concrete
[bookmark: _Ref37077635]Unless approved otherwise by the Principal, non-conforming concrete must not be used in the Works. 
[bookmark: _Ref72768023]In addition to a failure to comply with any other requirement in this Specification, concrete in a Lot is be deemed to be non-conforming if any of the following applies to 28 day compressive strength testing: 
1. any sample strength (as defined in AS 1379) is less than 0.9 times the specified characteristic strength, f′c;
1. the average strength of any three consecutive samples is less than the specified characteristic strength; or
1. the average 28 day strength of three consecutive samples from the lot is greater than 1.45 times f'c.
Clause 19.2 c) does not apply to precast concrete or cast-in-place piling. 
If a concrete Lot is non-conforming, the Contractor must immediately review the mix design and batching, transportation and placement processes used for that lot. Corrective action to prevent a reoccurrence of the non-conforming concrete must be immediately implemented.
If a concrete Lot is non-conforming, the Contractor may submit a proposal to the Principal for non-destructive testing and/or taking concrete cores for testing in accordance with ATS 5317. The Principal is under no obligation to accept such a proposal.  

[bookmark: _Toc26182495][bookmark: _Toc135059413]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 concrete production.
	
	Mix design and Quality Plan

	7.1
	
	1. Trial Mix
	

	9.6
	
	
	Aggregate test results

	10
	
	
	Mixing water test results

	15.19
	
	
	Delivery Docket

	16.5
	
	
	Slump test results

	16.6
	
	
	HWC test results (where applicable)

	16.8
	
	
	SCC concrete test results (where applicable)

	16.15
	
	
	Calcium nitrite test results (where applicable)

	17.3
	
	
	Compressive strength test results

	17.9
	
	
	Monitoring of concrete strength (where applicable)

	18.4
	
	
	VPV test results (where specified)



[bookmark: _Toc135059414]Annexure B:	Examples of VSI Rating of “0”
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