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[bookmark: _Toc183614515]Scope
[bookmark: _Toc514678946][bookmark: _Toc886733][bookmark: _Toc886732]Austroads Technical Specification ATS 3535 sets out the requirements for the supply and delivery of Roller Compacted Concrete for use in road pavements.
The Contractor must ensure that the Supplier complies with this Specification. The Contractor may be the same entity as the Supplier.


[bookmark: _Toc183614516]Referenced Documents
The following documents are referenced in this Specification:
	[bookmark: _Toc514678947][bookmark: _Toc886734]Australian/New Zealand Standards
AS 1012	Methods of testing concrete
Method 3.4:	Compactibility index
Method 8.1:	Method for making and curing concrete – Compression and indirect tensile test specimens
Method 9:	Determination of compressive strength of concrete specimens
Method 13:	Determination of the drying shrinkage of concrete for samples prepared in the field or in the laboratory
AS 1141	Methods for sampling and testing aggregates
Method 4:	Bulk density of aggregate
Method 5:	Particle density and water absorption of fine aggregate
Method 6.1:	Particle density and water absorption of coarse aggregate – Weighing in-water method
Method 11:	Particle size distribution by dry sieving
Method 12:	Materials finer than 75µm in aggregates (by washing)
Method 13:	Material finer than 2µm
Method 14:	Particle shape, by proportional calliper
Method 24:	Aggregate soundness – Evaluation by exposure to sodium sulphate solution
AS 1289.4.2.1	Method of testing soils for engineering purposes – Method 4.2.1: Soil chemical tests – Determination of the sulfate content of a soil and the sulfate content of the groundwater – Normal method
AS 1478	Chemical admixtures for use in concrete
AS 3550.4	Waters: determination of solids – Gravimetric methods
AS/NZS ISO 9001	Quality management systems – Requirements

	International Standards
ISO 3310-1	Test sieves – Technical requirements and testing Part 1: Test sieves of metal wire cloth

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

	Transport for New South Wales
TfNSW T130	Dry Density – Moisture Relations for Mixtures of Road Materials Stabilised or Modified with Proportions of Cement, Lime or other Cementitious Materials (TS 02796.01)
TfNSW T215	Wet/Dry Strength Variation (TS 02799.13)
TfNSW T321	Drying Shrinkage of 100 x 100 x 280mm Concrete Prisms (TS 02800.21)
TfNSW T1004	Quantitative Determination of Chloride Ion in Water where Chromate Content is more than 10 ppm
TfNSW T1014	Sulphate Ion in Water



[bookmark: _Toc183614517]Definitions
[bookmark: 1.3.1_Definitions_–_Personnel][bookmark: 1.4_Work_Health_&_Safety_(WHS)][bookmark: 1.6.3_Principal_Supplied_Components][bookmark: 4_Design,_Specification,_Documentation_a]The following definitions apply to this Specification.
	Binder
	A combination of cement and fly ash.

	Coarse aggregate
	That portion of a mineral aggregate retained on a 4.75 mm AS sieve.

	Compactibility Index
	A measure of the workability of Roller Compacted Concrete.

	Fine aggregate
	That portion of a mineral aggregate passing a 4.75 mm AS sieve.

	Nominated mix
	A laboratory trial mix designated by a supplier to meet the specified requirements.

	Production mix
	A mix produced by a supplier using a stationary mixing plant to meet the specified requirements.

	[bookmark: _Hlk76041768]Roller Compacted Concrete
	A relatively dry concrete mix with very low slump and compacted using smooth drum rollers.

	Supplier
	[bookmark: _Hlk167278948]The company that produces the Roller Compacted Concrete.


[bookmark: _Toc183614518][bookmark: _Ref9599800]Quality System Requirements
[bookmark: _Ref167279780][bookmark: _Ref167280275]The Supplier 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 Quality Management System complying with AS/NZS ISO 9001.

	5.4 
	Details of how the cement and fly ash supplies will be monitored for compliance.

	7.1
	Details of the plant and equipment.


[bookmark: _Ref167086190]The Supplier must establish and maintain a Quality Management System complying with AS/NZS ISO 9001.
	[bookmark: _Hlk9589851][bookmark: _Hlk150963783]HOLD POINT 1

	Process Held
	Commencement of Roller Compacted Concrete production.

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


[bookmark: _Toc29489164][bookmark: _Toc1138829][bookmark: _Toc9850016][bookmark: _Hlk9434043]Testing must be completed by a laboratory accredited with the National Association of Testing Authorities Australia (NATA) or International Accreditation New Zealand (IANZ) for the relevant tests within 7 working days after sampling. Where tests require curing, the maximum number of working days between sampling and completion of testing is 7 plus the number of days specified for curing.
NATA or IANZ endorsed documents certifying all sampling and test procedures for each test result must be issued by the laboratory.
[bookmark: _Toc183614519]Materials
[bookmark: _Toc64271084][bookmark: _Toc183614520]Binder
[bookmark: _Ref64028429]The following binders are permitted in the Works:
hydrated lime;
a) quicklime;
b) GGBFS;
c) fly ash (Grade 1);
d) Type GP cement;
e) Type GB cement;
f) special purpose cements: Types HE, LH or SL;
g) other blends of cements as approved by the Principal;
h) powdered glass; and
i) any other binder approved by the Principal.
Each delivery of cement and supplementary cementitious material (SCM) must be accompanied by a delivery document providing traceability by detailing:
1. marking information as required by AS 3972, AS 3582.1 or AS 3582.2 (as relevant); and
k) ATIC registration number.
If requested by the Principal, within 5 working days after the start of the Works, the Contractor must deliver to the Principal a minimum 5 kilogram representative grab sample (labelled for traceability) of each cement and SCM.
[bookmark: _Ref64039644]The Quality Plan must include details of how the cement and fly ash supplies will be monitored for compliance. Documentary evidence of material compliance (such as process control monitoring and/or lot release test results, as detailed in ATIC SP43) must be provided at least monthly to the Principal.
Bulk cementitious materials must only be stored in watertight silos.
Bagged cementitious materials must be stored above ground in dry, weatherproof sheds and be protected from dampness that may be acquired from contact with floors or walls. Bags must be stacked so as to allow counting, inspection and identification of each consignment.
As far as practicable, cement must be used in order of receipt.
Cementitious materials containing lumps, signs of moisture absorption or other contamination must not be used.
Cement must:
1. comply with ATIC-SP43 and AS 3972; and
m) if more than 3 months old (from date of manufacture), be retested for conformance.
[bookmark: _Ref63168510]Fly ash must:
1. be fine grade;
comply with ATIC-SP43 and AS 3582.1; and
comply with Table 5.10 (calculated using the 30 most recent successive test results).
Table 5.10:	Fly ash uniformity requirements
	Property
	Test Method
	Formula
	Limit

	Carbon content (LoI)
	AS/NZS 2350.2
	LoIaverage + 3SD
	≤4%

	Fineness
	AS/NZS 2350.8
	Finenessaverage + 3SD
	≤100%

	
	
	Finenessaverage − 3SD
	≥75%

	
	
	CoV
	≤3%


[bookmark: 6.2.3.2_Ground_granulated_iron_blast-fur]Where:
LoIaverage	=	mean of loss on ignition test results.
Finenessaverage	=	mean of fineness test results.
SD	=	standard deviation expressed as a decimal.
CoV	=	coefficient of variation = SD ÷ Finenessaverage × 100%
[bookmark: _Ref64028454]Ground granulated iron blast-furnace slag must:
1. comply with ATIC SP43 and AS 3582.2; and 
conform to the following (calculated conformity with AS/NZS 2350.8 using the 30 most recent successive test results):
(Finenessaverage – 3SD) ≤ Finenesssample ≤ (Finenessaverage + 3SD)
Where:
Finenesssample	=	individual fineness test result.
Finenessaverage	=	mean of fineness test results.
SD	=	standard deviation expressed as a decimal.


[bookmark: _Toc64271083][bookmark: _Toc183614521][bookmark: _Toc64271085]Aggregates
[bookmark: _Ref64044197]Fine and coarse aggregates must comply with the requirements of Table 5.12.
Table 5.12:	Aggregate properties
	Property
	Test Method 
	Requirement

	Fine aggregate

	Unit Mass (Bulk Density)
	AS 1141.4
	Min 1200 kg/m3

	
Water Absorption
	AS 1141.5
	Max 5.0%

	Soundness for Fine Aggregate
	AS 1141.24
	12% max weighted average loss

	Material finer than 2 m
	AS 1141.13
	Max 1%

	Coarse aggregate

	Unit Mass (Bulk Density)
	AS 1141.4
	Min 1200 kg/m3

	
Water Absorption
	AS 1141.5
AS 1141.6.1
	Max 5.0%
(slag aggregate – Max 6.0%)

	Material finer than 75 m
	AS 1141.12
	Max 10%

	Wet Strength 
	TfNSW T215
	Min 50 kN

	Wet/Dry Strength Variation
	TfNSW T215
	Max 35%

	Particle Shape: 2:1 ratio
3:1 ratio
	AS 1141.14
AS 1141.14
	Max 35%
Max 10%


[bookmark: _Ref64044213][bookmark: _Ref64271515]The combined particle size distribution must be in accordance with Table 5.13.
Table 5.13:	Combined particle size distribution
	AS sieve size (mm)
	Percent passing by mass (AS 1141.11)

	26.5
	100

	19.0
	90-100

	13.2
	70-90

	6.7
	50-70

	2.36
	30-45


[bookmark: _Toc183614522]Water
[bookmark: _Ref64039931]Water must be free from amounts of materials that are injurious to the Roller Compacted Concrete such as oils, salts, acids, alkalis and vegetable substances. Water taken from somewhere other than a town water supply system must not contain more than:
1. 600 parts per million of chloride ion, in accordance with TfNSW T1004;
400 parts per million of sulphate ion, in accordance with TfNSW T1014 or AS 1289.4.2.1; and
1% by mass of undissolved solids, in accordance with AS 3550.4.
[bookmark: _Toc64271086][bookmark: _Toc183614523]Admixtures
[bookmark: _Ref64271869]Chemical admixtures and their use must comply with AS 1478, but they must not contain calcium chloride, calcium formate, triethanolamine or any other accelerator, unless approved in writing by the Principal.
[bookmark: _Toc183614524][bookmark: _Ref15469889][bookmark: _Hlk9598492]Design Requirements
[bookmark: _Toc183614525]Drying Shrinkage 
The drying shrinkage after 21 days of air drying must not exceed 550 microstrain. Testing must be undertaken in accordance with AS 1012.13 with compaction by external vibration.
[bookmark: _Toc183614526]Compressive Strength
[bookmark: _Ref167278433]Test specimens must be moulded and cured in accordance with AS 1012.8.1. The compressive strength must be in accordance with Table 6.2 for the nominated grade specified in the Contract documents.
Table 6.2:	Compressive strength grades
	Grade
	Compressive strength at 28 days (AS 1012.9)

	
	Nominated mix
	Production mix

	RCC5
	6 MPa
	5 MPa

	RCC10
	12 MPa
	10 MPa

	RCC20
	22 MPa
	20 MPa


[bookmark: _Toc183614527]Compactibility Index
The Supplier must nominate the required Compactibility Index at the point of discharge.
The Compactibility Index of the Roller Compacted Concrete must be determined in accordance with AS 1012.3.4, except for the timing of the test, which must be at the point of discharge.
[bookmark: _Toc183614528]Roller Compacted Concrete Nominated Mix Design
The Supplier must:
1. produce a trial batch of the nominated mix to demonstrate that the proposed mix design conforms to the design requirements of this Specification (all specimens must be moulded from the same homogenous batch);
certify that the constituents of the nominated mix conform to the material requirements of this Specification;
submit NATA or IANZ endorsed test certificates for all relevant test results; and
submit the following details for each nominated mix:
cement – brand, source, type and age of test certificate;
fly ash – powerhouse source and grade;
nominated binder content expressed in kg/m3 and as a percentage of the dry mass being bound;
water – source (for sources other than town water, provide the chloride ion, sulphate ion and undissolved solids content);
admixture(s) – proprietary source, type, name, dosage recommended by manufacturer(s), compatibility with other admixtures being used and changes to the type being used due to different seasons;
aggregates:
· source and geological type;
· particle size distribution in accordance with AS 1141.11;
· constituent quantities; and
· properties as listed in Table 5.2;
maximum dry density and optimum moisture content in accordance with TfNSW T130;
shrinkage in accordance with AS 1012.13 at 21 days;
Compactibility Index in accordance with AS 1012.3.4; and
compressive strength at 7 and 28 days, in accordance with AS 1012.9, with samples prepared to AS 1012.8.1 using a steel rammer for compaction.
[bookmark: _Ref167278332]The date of testing must be within 3 months prior to delivery to the work. If sufficient production mix results are available from within this period, the Principal may reduce the scope of the trial mix.
	HOLD POINT 2

	Process Held
	Delivery of Roller Compacted Concrete.

	Submission Details
	At least 5 working days before commencement of delivery, the following must be submitted to the Principal:
1. all details, test results and certificates required under Clause 6.5; and
a statement that the Nominated Mix Design complies with all the requirements of this Specification.


[bookmark: _Toc183614529]Production and Transport
[bookmark: _Toc183614530]Production Plant
[bookmark: _Ref167279016]The Quality Plan must include:
1. details of the type of mixing plant proposed and the operational and calibration procedures to be supplied, including:
1. stationary mixing plant:
· type;
· proposed location;
· output capacity; and
· control of binder content and moisture content (including methods to ensure uniformity);
the method of measuring the binder incorporated in the mix;
method(s) and frequency of calibration; and
materials handling:
· loading of mixer; and
· control of segregation during loading and mixing; and
details relating to the transportation of the material, including:
1. the number, type and capacity of transport vehicles;
measures to prevent loss of moisture during transit; and
the time between completion of mixing and discharge into the paving machine.
The stationary mixing plant must be capable of providing measurements of the binder incorporated in the mix, for every 200 tonnes produced, to within ± 0.3% of the dry mass of the material before the binder addition.
Calculations to verify conformity with the mix requirements must be provided to the Principal daily.
The plant must be operated in accordance with the manufacturer’s recommendations. The material, binder and water/admixture must be mixed to produce a moist, homogeneous material conforming to the requirements of this Specification.
[bookmark: _Toc183614531]Production Mix
[bookmark: _Ref167278477]The Compactibility Index of the production mix must conform to the nominated Compactibility Index, within a tolerance of ± 10.
[bookmark: _Ref183000722]For the production mix, the nominated design particle size distribution and binder content must be targeted. The allowable tolerance on the aggregate particle size distribution is given in Table 7.6. The allowable tolerance on the binder content is ± 3% by mass.
Table 7.6:	Production tolerances on particle size distribution
	ISO 3310-1 sieve size (mm)
	Production tolerance (% by mass)

	19.0
	 5

	13.2
	 10

	6.7
	 10

	2.36
	 5


[bookmark: _Toc183614532]Transport
Materials must be discharged from the mixer to a timed discharge hopper and not directly from conveyor belts into delivery vehicles.
Materials must be delivered in vehicles fitted and operated with covers made of suitable material to prevent loss of moisture during transport.
Vehicles, where used for the delivery of materials to the hopper of a paving machine, must have bodies or discharge equipment that will enable the load to be discharged directly into the hopper without spillage on the road or segregation of material.
Sufficient delivery vehicles must be provided to ensure the delivery of Roller Compacted Concrete at a uniform rate that is compatible with the spreading and compacting rate.


[bookmark: _Toc183614533]Process Control
[bookmark: _Toc183614534]Application of Binder and Admixtures
[bookmark: _Ref167278589]The following must be determined at the end of each day’s production:
Percentage of Binder
Calculate the proportion of binder to one decimal place as a percentage of the dry mass of the material being bound from:
1. the total mass of binder used that day (determined from delivery dockets, silo dips, batch records, etc.); and
u) the total mass of material used in that day’s production.
Where the calculated proportion of binder in the mix is less than the nominated proportion, the mix is nonconforming.
Percentage of Admixture
The total quantity of admixture used that day.
[bookmark: _Toc183614535]Compactibility Index
[bookmark: _Ref167278537]Testing must be undertaken at the point of discharge, in accordance with AS 1012.3.4, with the exception that the test be carried out immediately prior to the Roller Compacted Concrete being incorporated into the Works.
When transit mixers are used for the delivery of Roller Compacted Concrete, the first 0.5 m3 of discharge must be sampled.
[bookmark: _Toc183614536]Cylinder Strength Testing
[bookmark: _Ref167278561]Sampling must be undertaken at the point of discharge and the sample must be moulded in accordance with AS 1012.8.1 using a 100 mm diameter mould and steel rammer. The compressive strength must be determined in accordance with AS 1012.9.
[bookmark: _Toc26182495][bookmark: _Toc183614537]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 Roller Compacted Concrete production 
	
	Quality Plan

	6.6
	2. Delivery of Roller Compacted Concrete
	
	Mix design, including details, test results and certificates





[bookmark: _Toc38013557][bookmark: _Toc64271101]Annexure B: 	Minimum Frequency of Testing

	Clause
	Characteristic tested
	Test Method/Standard
	Minimum frequency of testing

	Binder

	5.4
	Cementitious materials
	See Clause 5.4 
	See Clause 5.4 

	Aggregates

	5.12
	Unit Mass (Bulk Density)
	AS 1141.4
	One (trial mix only)

	5.12
	Water Absorption
	AS 1141.5/AS 1141.6.1
	Once within 12 months prior

	5.12
	Soundness for Fine Aggregate
	AS 1141.24
	One per 4000 tonnes

	5.12
	Material finer than 2 m
	AS 1141.13
	One per 4000 tonnes

	5.12
	Material finer than 75 m
	AS 1141.12
	One per 4000 tonnes

	5.12
	Wet Strength
	TfNSW T215
	One per 2000 tonnes or part thereof

	5.12
	Wet/Dry Strength Variation
	TfNSW T215
	One per 2000 tonnes or part thereof

	5.12
	Particle shape
	AS 1141.14
	One per 2000 tonnes or part thereof

	Water and admixtures 

	5.14
	Water 
	See Clause 5.14
	One per Contract per source

	5.17
	Admixtures
	Compliance with AS 1478 
(or other standard appropriate to the particular admixture)
	One per Contract

	Delivery of Roller Compacted Concrete

	8.1
	Percentage of binder
Percentage of admixture
	
	One per day for the day’s production 
One per day for the day’s production

	8.2
	Compactibility Index
	AS 1012.3.4
(except timing at 
point of discharge)
	One per 50 tonnes or part thereof

	8.4
	Compressive strength
	AS 1012.8.1 and AS 1012.9
	One per 50 tonnes or part thereof



Amendment Record
	Amendment no.
	Clauses amended
	Action
	Date

	-
	New specification
	New
	February 2025
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	Change in format
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	Old clause removed and replaced with new clause

	New
	Insertion of new clause

	Removed
	Old clauses removed
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