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[bookmark: _Toc188626250]Scope
[bookmark: _Toc514678946][bookmark: _Toc886733][bookmark: _Toc886732]Austroads Technical Specification ATS 5336 sets out the requirements for the supply and placement of Fibre Reinforced Concrete (FRC). It covers the following:
applications where the fibres are included in the concrete mix for the purpose of enhancing the concrete properties (such as surface toughness or resistance to spalling); and
Low Risk Applications, where the fibres replace (in whole or in part) steel reinforcing bars or mesh, but only if permitted in the Contract documents.
It does not apply to the construction of road pavements in applications such as highways which are carrying substantial volumes of commercial road vehicles.


[bookmark: _Toc188626251]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 3.3	Determination of properties related to the consistency of concrete –Vebe test
Method 25.1	Determination of the fibre content of plastic state concrete (wash-out test)
AS 1379	Specification and supply of concrete
AS/NZS ISO 9001	Quality management systems – Requirements

	International Standards
EN 14651 	Test method for metallic fibre concrete - Measuring the flexural tensile strength (limit of proportionality (LOP), residual) 
EN 14889	Fibres for concrete

	Austroads
ATS 5310 	Supply and Placement of Steel for the Reinforcement of Concrete 
ATS 5315	Supply of Special Class Concrete
ATS 5325	Precast Concrete Members
ATS 5328	Sprayed Concrete
ATS 5335 	Normal Class Concrete

	ASTM International
ASTM C1116	Standard Specification for Fiber-Reinforced Concrete
ASTM D792	Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics by Displacement
ASTM D3822	Standard Test Method for Tensile Properties of Single Textile Fibers
ASTM A820	Standard Specification for Steel Fibres for Fibre-Reinforced Concrete


[bookmark: _Toc188626252]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 in AS 1379, the following definitions and abbreviations apply to this Specification: 
	CMOD:
	Crack mouth opening displacement (refer EN 14651).

	Macro Synthetic Fibre:
	Fibres imparting significant post-cracking capacity to concrete. Macro fibres are typically 40 – 65 mm long and 0.3 – 1 mm wide.

	Micro Synthetic Fibre:
	Fibres that create a support network within the concrete which increases its tensile strain capacity for control of plastic shrinkage cracking, but do not offer concrete post-cracking load capacity. Micro fibres are typically 12 – 51 mm long and < 0.3 mm wide.

	Low Risk Applications:
	Applications with a notional design life of 50 years or less, such as footpaths, kerb and channel, slabs on ground, surface stabilisation, minor drainage works and precast pits. Unless specified otherwise in the Contract documents, driveways and shared paths are not classified as Low Risk Applications.

	Non-structural Fibres:
	Fibres that do not contribute to the structural capacity of the concrete element and are only included in the concrete mix for the purpose of:
1. Reducing plastic shrinkage cracking;
1. Increasing impact and abrasion resistance; or
1. Improving the resistance of concrete to explosive spalling in the case of fire.

	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 FRC 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).

	Steel Fibre:
	Straight or deformed pieces of cold-drawn steel wire, straight or deformed cut sheet fibres, melt extracted fibres, shaved cold drawn wire fibres and fibres milled from steel blocks, which are suitable for homogeneous mixing into concrete or mortar to improve prescribed properties.


[bookmark: _Toc188626253]Quality System Requirements
[bookmark: _Ref9599800]The FRC must be manufactured under a quality management system which is certified as complying with AS/NZS ISO 9001 by an organisation accredited by JAS-ANZ or an affiliated international certification organisation. 
Suppliers of other materials covered under this Specification such as admixtures and curing compounds must have in place a quality assurance system complying with AS/NZS ISO 9001.
[bookmark: _Ref120094212][bookmark: _Toc1138829][bookmark: _Toc9850016][bookmark: _Hlk9434043][bookmark: _Toc188626254]Design
[bookmark: _Toc188626255]General
The Contractor must ensure that the following are undertaken in accordance with this Clause 5:
1. [bookmark: _Hlk146028075]the design of the concrete element (unless the Principal is responsible for the provision of this design); and
the design of the FRC mix. 
The design of the concrete element must comply with the requirements for durability, fire resistance, stability, strength and serviceability specified elsewhere in the Contract documents and must be undertaken by a Professional Engineer.
A sacrificial concrete layer that does not contribute to the design strength, equivalent to the cover concrete for conventional steel reinforced concrete, must be used where the FRC is exposed to Potential Acid Sulphate Soils (PASS), Acid Sulphate Soils (ASS), salt or brackish water above 2000 ppm or other aggressive environments that may consume the concrete matrix. The thickness of the sacrificial layer must be documented in the structural design of the concrete element.
Unless specified in the Contract documents or approved otherwise by the Principal:
1. the use of fibres to replace steel reinforcement is limited to Low Risk Applications only; and
1. FRC must not be used with exposed aggregate finishes or coloured concrete surfaces.
Where macro synthetic fibres are permitted to be used for the replacement of steel mesh in a slab on ground, the fibre dosage must not be less than the following:
Replacing SL72 mesh:	4.6 kg/m3.
Replacing SL82 mesh:	5.6 kg/m3.
The use of steel fibres in footpaths, driveways and shared use paths is only permitted if a means of preventing exposure of the fibres at the surface is used.
If the FRC will be used in a proprietary precast product, the design must also be approved in accordance with ATS 5325.
[bookmark: _Hlk119226280][bookmark: _Toc188626256]Mix Design
The mix design must be specified by one of the following methods:
1. prescriptive, where the fibre and dosage are specified, or
performance-based, where the flexural strength, residual flexural strength and/or toughness of the concrete are specified. 
[bookmark: _Ref146031255][bookmark: _Ref120117215][bookmark: _Hlk145682328]If a performance based mix design is used, the designer of the concrete element must determine which (if any) of the properties listed in Table 5.9 are to be tested from the trial mix and the corresponding acceptance criteria, which must not be less than the values in Table 5.9.
Table 5.9:	Minimum Performance Measures
	Property
	Test Method
	Minimum Acceptance Criteria

	Flexural Strength
	AS 1012.11 
	3.0 MPa for 𝑓′c = 20 or 25 MPa.
3.5 MPa for 𝑓′c = 32 MPa.
4.0 MPa for 𝑓′c ≥ 40 MPa.

	Flexural Toughness
	ASTM C1550 
	360 J

	Residual Flexural Strength (1) (at CMOD4)
	EN 14651 
	1.0 MPa


Note:
1.	Residual flexural strength testing must be conducted on 150 mm x 150 mm notched beams. Residual flexural strength must be reported at crack mouth opening displacements (CMOD) of 0.5 mm and 3.5 mm.
Except for extruded concrete applications and applications where only Non-structural Fibres are used, the following applies to the mix design:
1. The fibres must provide equivalent structural performance to the steel bar or steel mesh reinforced that is being replaced by the fibres, including across allowable crack widths and construction joints. A certificate confirming compliance with this requirement, prepared a Professional engineer with at least 5 years of experience which is relevant to the design of FRC elements, must be provided with the Mix Design Report.
The design of the FRC mix must be carried out and approved in accordance with ATS 5315.
[bookmark: _Ref151122520]The minimum dosage of fibre must be sufficient to achieve the specified performance properties. The dosage for each fibre type must not be less that that specified in Table 5.11.
Table 5.11:	Minimum Dosage
	Fibre Type 
	Minimum Dosage (1) (kg/m³)

	Steel fibres
	25

	Macro synthetic fibres
	4

	Micro synthetic fibres
	0.6


Note:
1. 	In a blend, these minimum dosage rates apply to each individual fibre type.
[bookmark: _Hlk145677431]Micro Synthetic Fibres must:
a) not be used alone to replace steel reinforcement;
b) not be used alone to achieve long term crack control; and
c) only be used in conjunction with Macro Synthetic Fibres, Steel Fibres or with steel reinforcement.
[bookmark: _Ref164181827][bookmark: _Ref145677839]The Contractor must prepare a Mix Design Report, which includes the following documentation, at a minimum:
1. mix design details, as specified in ATS 5315;
whether the fibres are replacing reinforcing bar/mesh;
fibre name and nominated dosage, 
Technical Data Sheet (TDS) of the fibre product, including the details of the fibres specified in Clause 7.7;
where applicable, certification of compliance from a Professional Engineer in accordance with Clause 5.9 a); and
where Macro Synthetic Fibres are used, the manufacturer’s recommended unit volume of Macro Synthetic Fibres in kg/m³ required to achieve a residual flexural strength of 1.5 MPa at 0.5 mm CMOD1 and a residual flexural strength of 1 MPa at 3.5 mm CMOD4 using the nominated mix as the reference sample for trial mix design approval.
[bookmark: _Ref161660106][bookmark: _Toc188626257]Trial Mix
[bookmark: _Ref119166464][bookmark: _Toc188626258]General
A trial mix must be prepared and tested in accordance with ATS 5315 and this Clause 6. However, the Contractor may submit a proposal to the Principal to waive the requirement for a trial mix for Low Risk Applications.
[bookmark: _Ref119266082]The trial mix design must be tested for compressive, flexural and indirect tensile strength. If specified by the designer, residual flexural strength and/or toughness must also be tested. The number of specimens taken must not be less than the number specified in Table 6.2.


Table 6.2:	Trial Mix Samples
	Test (at 28 days)
	Number of Specimens

	Compressive Strength
	4 cylinders (1)

	Flexural Strength
	3 beams

	Indirect Tensile
	3 cylinders

	Residual Flexural Strength (2)
	3 notched beams

	Toughness (2)
	3 panels


[bookmark: _Hlk151122708]Notes:
1 	Additional cylinders will be required (in accordance with ATS 5315) if early stripping or loading is proposed.
2.	If specified by the designer.
If specified in the Contract documents, a Vebe Test of the trial mix must be carried out in accordance with AS 1012.3.3.
The average of matched specimens from the trial mix must achieve each of the properties specified in Table 10.1 at 28 days. Otherwise, a new mix design must be prepared and a new trial mix submitted for approval in accordance with ATS 5315.
[bookmark: _Ref119338041]The indirect tensile results from the trial must become the nominal indirect tensile strength to be used for conformity assessment (refer Table 10.1).
[bookmark: _Ref164182133]The Contractor must prepare a report of all trial mix test results, as specified for Hold Point 2 of ATS 5315
[bookmark: _Toc188626259]Submission to Principal
[bookmark: _Ref120117640]The Contractor must submit the following to the Principal prior to commencing the production of FRC:
1. the Mix Design Report (refer Clause 5.13); and
the report test results from the trial mix (refer Clause 6.6)
	HOLD POINT 1

	Process Held
	Supply of FRC.

	Submission Details
	The Mix Design details and test results of trial mix must be submitted to the Principal at least 10 working days prior to the commencement of FRC production.


[bookmark: _Toc188626260]Materials
[bookmark: _Toc188626261]Concrete 
[bookmark: _Ref119332134][bookmark: _Ref120005961]Concrete must be supplied and tested in accordance with ATS 5315, as amended by this Specification. However, concrete containing only Non-structural Fibres may be supplied and tested in accordance with ATS 5335 in lieu of ATS 5315, if:
1. the FRC is to be used for machine-placed kerb and channel; or 
without the addition of Non-structural Fibres, the concrete would be classified as Normal Class Concrete in accordance with AS 1379.
[bookmark: _Toc188626262]Steel Reinforcement
Steel reinforcement, where used, must comply with ATS 5310.
[bookmark: _Hlk41993594][bookmark: _Ref41981300][bookmark: _Ref41981312][bookmark: _Toc188626263]Fibre Reinforcement
[bookmark: _Ref43452036]Where a Principal’s Registration Scheme is in place for the supply of fibres, the materials must comply with that scheme for FRC placed in that jurisdiction.
For RFC placed in Queensland, the fibres must be a registered product. Refer to Product Index for Bridges and Other Structures, available from: https://www.tmr.qld.gov.au/business-industry/Business-with-us/Approved-products-and-suppliers/Bridges-and-other-structures-approved-products-and-suppliers
[bookmark: _Ref151115381]Fibre reinforcement must:
1. be of a type recommended by the fibre manufacturer for the intended use;
comply with the requirements of ASTM C1116 or EN 14889;
be resistant to long term deterioration for the design life of the FRC when in contact with the moisture and alkalis present in cementitious paste or the substances present in chemical admixtures; and
if specified in the Contract documents, comply with the Table 7.5.
[bookmark: _Hlk41981778]Table 7.5:	Properties of Fibres 
	Property and Test Method
	Acceptance Criteria

	Macro Synthetic Fibres:
	

	Tensile strength (ASTM D3822 or EN 14889):
	> 500 MPa

	Modulus of elasticity (ASTM D3822 or EN 14889):
	> 5.0 GPa

	Specific gravity - Fibre density 
(ASTM D792 or EN 14889):
	> 0.91 g/cm³

	Minimum fibre length:

	At least 45 mm or at least twice the length of the nominal aggregate that used in the concrete mix.

	Diameter:
(Class II EN 14889 compliant)
	> 0.3mm

	Aspect ratio 
	≤ 100

	Steel Fibres:
	

	Type (ASTM A820 or EN 14889)
	Type I, cold drawn wire, or
Type II, cut sheet

	Aspect ratio
	Between 40 and 70.


[bookmark: _Ref15469889][bookmark: _Hlk9598492]Where macro synthetic fibres are used, the fibres must be:
1. in the form of fine macro synthetic high-performance fibres produced from polypropylene or copolymer; 
capable of absorbing maximum energy without breakage and must be designed to retain its cross sectional shape and avoid brittle failure; and
packaged in degradable water soluble wrapped bundles (pucks), unless the concrete is dosed with fibres in the batch plant.
[bookmark: _Ref41983859]Unless a Principal’s Registration Scheme is in place for supply of the fibres, the Contractor must submit the following to the Principal with the mix design:
1. Technical Data Sheet confirming compliance with the relevant EN or ASTM Standard;
declaration of dosage required to meet the specified concrete properties;
test reports confirming those declarations; 
test reports confirming compliance with the relevant standards; and
if the fibres are replacing steel reinforcement, evidence acceptable to the Principal that the fibres, at the dosage rate specified by the manufacturer, provide the same performance as the steel reinforcement being replaced.
The test reports must not be more than 12 months old and be performed by a laboratory which is accredited by a body that is a signatory to the International Laboratory Accreditation Cooperation Mutual Recognition Arrangement (ILAC MRA). The National Association of Testing Authorities (NATA) and International Accreditation New Zealand (IANZ) are signatories to ILAC MRA.
[bookmark: _Toc188626264]Non-structural use of Fibres
[bookmark: _Ref119246918]The type of fibre used as Non-structural Fibre is limited to: 
1. Micro Synthetic Fibres added to extruded concrete.
Macro and/or Micro Synthetic Fibres added to conventionally reinforced sections.
[bookmark: _Toc188626265]Production and Delivery
The production and delivery of FRC must comply with AS 1379.
Fibres must be added to the concrete in accordance with the manufacturer’s instructions and in such a manner to ensure that they are uniformly distributed, balling does not occur, and the concrete mix remains workable and cohesive without any segregation. If not dosed automatically through a batch plant, the fibres must be added as full bundles (pucks) only.
The mass of fibres added to each batch must be recorded with the batching records and included in the Identification certificate supplied with each batch of concrete in accordance with Clause 1.7.3 of AS 1379.
[bookmark: _Hlk119231188]If at any stage the Contractor wishes to use an alternative fibre to that specified in the Drawings or previously approved by the Principal, the Contractor must submit a proposal to the Principal and Hold Point 1 will reapply.
[bookmark: _Toc188626266]Placement and Finishing
[bookmark: _Ref132115875]FRC must be placed in accordance with the Austroads Technical Specification specified in Table 9.1.
Table 9.1:	Placement of FRC
	Application
	Applicable ATS for Placement

	Low Risk Applications:
	ATS 5335

	Non-structural Fibres used in a concrete element with a 100 year design life and not placed using spray techniques:
	ATS 5320

	Sprayed concrete with a 100 year design life (excluding tunnels):
	ATS 5328


The surface must be finished to the requirements on the Drawings and must minimise protrusions of fibre from the surface. In drainage works, any fibres near the surface must be sufficiently embedded so as to not wash into surrounding creeks or rivers.
The following surfaces must be made free of protruding fibres:
any application where visual appearance or serviceability is critical (as specified in the Contract documents);
footpaths and shared paths; and
exposed precast elements.
1. Conformity
[bookmark: _Ref119238919][bookmark: _Hlk146031721]Unless testing in accordance with ATS 5335 applies (refer Clause 7.1), the following properties must be tested in accordance with Table 10.1 and the results submitted to the Principal. If specified by the designer, additional testing of one of the properties listed in Table 6.2 must be undertaken.
Table 10.1:	FRC Acceptance Criteria
	[bookmark: _Hlk145677785]Property
	Test Method
	Test Frequency
	Acceptance Criteria

	Compressive strength: 
	AS 1012.9 
	Refer ATS 5315
	Refer ATS 5315 for the specified compressive strength.

	Slump: 
	AS 1012.3.1
	Refer ATS 5315
	Refer ATS 5315 for the specified slump.

	Indirect Tensile Strength: 
	AS 1012.10 
	1 per 100 m³ 
(2 cylinders)
	At 28 days, the average of a pair of cylinders must meet or exceed 90% of the nominated indirect tensile strength (from the concrete mix trial).

	Fibre content: 
	AS 1012.25.1 
	1 per 100 m³
	Within 1% of the design dosage


[bookmark: _Toc26182495][bookmark: _Hlk41991492][bookmark: _Toc188626267]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

	6.7
	1. Supply of FRC.
	
	Mix Design Report and trial mix test results.

	10.1
	
	
	Test results
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	Amendment no.
	Clauses amended
	Action
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	-
	New specification
	New
	January 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
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	Old clauses removed
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