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[bookmark: _Toc215820615]Scope
[bookmark: _Toc514678946][bookmark: _Toc886733][bookmark: _Toc886732]Austroads Technical Specification ATS 2170 sets out the requirements for the supply and installation of geosynthetic reinforcement, which is used in applications such as:
embankment basal reinforcement (for example, embankments over soft ground);
piled embankments with basal reinforcement; and
reinforcing of embankments with a batter slope ≤ 70° from horizontal.
ATS 2170 only applies to high strength geosynthetic products, which may include geogrids, straps and woven products.
ATS 2170 does not cover any of the following:
1. geosynthetic reinforcement for reinforced soil structures (refer to ATS 5120);
1. geotextiles used as separation and/or filtration elements in earthworks construction (refer to ATS 2160); and
1. geotextiles used in pavement construction.


[bookmark: _Toc215494665][bookmark: _Toc215820616]Referenced Documents
The following documents are referenced in this Specification:
	Australian/New Zealand Standards
AS 1289	Method of testing soils for engineering purposes
Method 3.3.1	Soil classification tests – Calculation of the plasticity index of a soil 
Method 4.3.1	Soil chemical tests – Determination of the pH value of a soil – Electrometric method
Method 3.6.1	Soil classification tests – Determination of the particle size distribution of a soil – Standard method of analysis by sieving
Method 6.1.1	Soil strength and consolidation tests – Determination of the California Bearing Ratio of a soil – Standard laboratory method for a remoulded specimen
AS ISO/IEC 17025	General requirements for the competence of testing and calibration laboratories

	Austroads
ATS 2160	Geotextiles (Separation and Filtration)
ATS 5120	Construction of Reinforced Soil Structures

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

	International Standards
ISO 10319	Geosynthetics – Wide-width tensile test
ISO 10320	Geotextiles and geotextile-related products – Identification on site
ISO 13431	Geotextiles and geotextile-related products – Determination of tensile creep and creep rupture behaviour
ISO/TS 13434	Geosynthetics – Guidelines for the assessment of durability
ISO/TS 20432	Guidelines for the determination of the long-term strength of geosynthetics for soil reinforcement

	ASTM International
ASTM D4355	Standard Test Method for Determination of Geotextiles by Exposure to Light, Moisture and Heat in a Xenon Arc Type Apparatus
ASTM D5818	Standard Practice for Exposure and Retrieval of Samples to Evaluate Installation Damage of Geosynthetics 
ASTM D6637	Standard Test Method for Determining Tensile Properties of Geogrids by the Single or Multi-Rib Tensile Method
ASTM D7737	Standard Test Method for Individual Geogrid Junction Strength


[bookmark: _Toc215494666][bookmark: _Toc215820617]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 and abbreviations in BS 8006-1, the following definitions and abbreviations apply to this Specification.
	Long-term:
	The design life of the soil structure (100 years, unless specified otherwise).

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

	[bookmark: _Hlk158221040]Short-term:

	The time, nominated by the Designer, from the commencement of construction to the end of foundation consolidation for the application that the geosynthetic reinforcement is being used for.


[bookmark: _Toc190080669][bookmark: _Toc215833915][bookmark: _Toc215494667][bookmark: _Toc215820618][bookmark: _Ref9599800]Symbols
	fm
	Material factor for reinforcement.

	Tcr
	Extrapolated creep rupture strength at the end of the design life.

	Tcs
	Extrapolated tensile load based on creep strain at the end of the design life.


Quality System Requirements
[bookmark: _Ref190605688]The Contractor must prepare and implement a Quality Plan that includes the documentation in Table 4.1. This documentation for the installation of the geosynthetic reinforcement may be included in the Quality Plan for the construction of earthworks.
[bookmark: _Ref215215051]Table 4.1:	Quality Plan
	[bookmark: _Hlk209018226]Clause
	Description of document

	5.1
	Details and properties of the geosynthetic reinforcement and the certificate of compliance.

	8.1
	Details of method of packaging, delivery and storage. 

	10.1
	Details of the construction plant to be used and a procedure covering the installation of the geosynthetic reinforcement.


[bookmark: _Ref171331446]Where a Principal’s Registration Scheme is in place for the supply and/or manufacture of geosynthetic reinforcement, the Contractor must ensure that the geosynthetic reinforcement meets the requirements of that scheme.
	[bookmark: _Hlk9589851][bookmark: _Hlk156834184]HOLD POINT 1

	Process Held
	Delivery of the geosynthetic reinforcement to the Site

	Submission Details
	[bookmark: _Hlk3530642]The Quality Plan must be submitted to the Principal at least 20 working days prior to the delivery of the geosynthetic reinforcement to the Site.


[bookmark: _Toc29489164][bookmark: _Ref190842846][bookmark: _Toc215494668][bookmark: _Toc215820619][bookmark: _Ref158218240][bookmark: _Ref15469889][bookmark: _Hlk9598492][bookmark: _Toc1138829][bookmark: _Toc9850016][bookmark: _Hlk9434043]Constituent Materials
[bookmark: _Toc215494669][bookmark: _Toc215820620][bookmark: _Ref64044197]General
[bookmark: _Ref156834638]The Quality Plan must include the following design and manufacturing information for the geosynthetic reinforcement:
1. name and address of the supplier/manufacturer, country of origin, product name and supporting literature;
1. properties, including:
complete documentation (including raw data test details) for the derivation of Tcs,Tcr  and fm in accordance with BS 8006-1;
tensile strength characteristics, that is tensile strength-strain behaviour of the product (refer to Clause 5.8 for test certificate frequency);
if available, the results of any laboratory pull-out tests and frictional resistance tests on the product with different types of backfill materials;
1. nomination of a suitable installation damage factor relevant to the particular application – the installation damage factor used in Long-term strength design calculation for the supplier’s proposed material must be supported by testing; 
1. details of the method of packing and identification, including roll length and width;
1. manufacturer’s instructions for storage and installation, including overlap details (both longitudinal and transverse) and connection details; and
1. samples of the geosynthetic reinforcement.
Test results included in the Quality Plan must be from testing undertaken in accordance with Clause 9.
[bookmark: _Toc215494670][bookmark: _Toc215820621]Chemical Composition
Geosynthetic reinforcement must be manufactured from either of the following polymers:
1. polyester; or
1. high-density polyethylene (HDPE).
[bookmark: _Toc215494671][bookmark: _Toc215820622]Reinforcement Types and Properties
Geosynthetic reinforcement may be either of non-woven (e.g. grid, strap, geocomposite) or woven type structure.
Geosynthetic reinforcement must:
1. be dimensionally stable in both directions;
1. be sufficiently robust to resist any tendency to tear, unravel, loosen or debond in any direction during construction;
1. consist of high tenacity materials;
1. be UV stable;
1. not deteriorate, experience a reduction in strength or degrade when exposed to sunlight; and
1. have a minimum UV resistance at 500 hours of at least 70% retained strength when tested to ASTM D4355. 
Where applicable, the durability of the geosynthetics must be determined in accordance with the test methods referenced in BS 8006-1. The only exception is that testing in accordance with ISO 20432 is not acceptable. 
Exposure of geosynthetic reinforcement must be controlled in accordance with the recommendations in ISO/TS 13434.
[bookmark: _Toc215494672][bookmark: _Toc215820623]Short-term Tensile Test
[bookmark: _Ref213417894]In addition to the requirements of Clause 5.1, for every 10,000 m2 of each geosynthetic grade supplied, the Contractor must submit a test certificate to the Principal, related to the batch produced, verifying that its characteristic Short-term tensile strength complies with the specified requirements. The Short-term tensile strength tests must be carried out in accordance with the test method referenced in ISO 10319.
[bookmark: _Toc215494673][bookmark: _Toc215820624][bookmark: _Ref158292056]Selected Material in Contact with the Geosynthetic Reinforcement
[bookmark: _Ref171326598]The material placed above and below geosynthetic reinforcement (‘Selected Material’) must:
1. comply with any requirements specified in the Contract documentation or by the designer; and
1. be suitable for placing on the geosynthetic reinforcement without damaging the geosynthetic reinforcement. 
[bookmark: _Ref206603187]The Selected Material must be a well graded gravel that conforms with the properties in Table 6.1.
[bookmark: _Ref215215897]Table 6.1:	Requirements for selected material 
	Property
	Test method
	Acceptance criteria

	pH
	AS 1289.4.3.1
	Where polyester is used:	4 – 9
Where HDPE is used:	3 – 12

	Maximum particle dimension
	AS 1289.3.6.1
	53.0 mm

	% passing 19 mm sieve
	AS 1289.3.6.1
	> 50%

	% passing 2.36 mm sieve
	AS 1289.3.6.1
	> 30%

	% passing 75 μm sieve
	AS 1289.3.6.1
	0 – 15%

	WPI (Weighted Plasticity Index)
	The product of the plasticity index of a soil (determined in accordance with AS 1289.3.3.1) and the percentage of the soil finer than 0.425 mm (determined in accordance with AS 1289.3.6.1).
	< 2000

	California Bearing Ratio (CBR)
	AS 1289.6.6.1 
	≥ 15


The compacted thickness of Selected Material above and below the geosynthetic reinforcement must be between 300 mm and 350 mm. The surface of the Selected Material must be graded evenly without any bumps or depressions before installing the geosynthetic reinforcement.
Where multilayered reinforcement layers are used, the compacted fill thickness between reinforcement layers must not be less than 150 mm or 6 times the maximum particle size of the Selected Material, whichever is larger.
[bookmark: _Toc215494674][bookmark: _Toc215820625][bookmark: _Ref190682835]Design Strength Requirements 
If the Principal has not specified the strength requirements in the Contract documents, the Contractor must determine the required design Short-term strength and Long-term strength of the geosynthetic reinforcement in accordance with this Clause 7.
Geosynthetic reinforcement must be robust enough to resist any tendency to tear, unravel or debond in any direction.
The design strength of geosynthetic reinforcement must be determined in accordance with BS 8006-1 (Section 5.3.3, Annexure A and Annexure D).
Up to 4 layers of geosynthetic reinforcement (each layer sandwiched between Selected Material) may be used to meet the design strength requirements for basal reinforcement applications. Refer to BS 8006-1 for the assessment of the tensile resistance for multiple reinforcement layers.
The following requirements in BS 8006-1 must be taken into account in determining strength reduction factors and in calculating design strengths for each proposed geosynthetic reinforcement:
1. Long-term creep;
1. tensile strength characteristics (i.e. tensile strength-strain behaviour of the product);
1. chemical effects due to ground water and the fill, and durability (e.g. hydrolysis);
1. temperature;
1. construction site installation damage; and
1. connection strengths.
The following conditions will apply in accordance with Section 5.3.3 and Annexure A of BS 8006-1:
1. The maximum operating temperature is 20°C, and
1. The maximum creep strain must not exceed 1% over a design life of 100 years at the maximum operation temperature in the derivation of Tcs.
Creep and creep rupture tests must be carried out in accordance with ISO 13431.
Creep and creep rupture tests based on the Stepped Isothermal Method (SIM) are not acceptable.
The junction efficiency of the non-woven product (i.e. the ratio of the shear strength of a pair of junctions on either side of a rib to the strength of an individual rib determined from ASTM D7737, ASTM D6637 or other test method approved by the Principal) must be at least 90%.
[bookmark: _Toc215494675][bookmark: _Toc215820626]Packaging, Storage and Delivery 
[bookmark: _Ref156834817]The Quality Plan must include details of the method of packaging, delivery and storage.
Geosynthetic reinforcement must be supplied to the site in rolls with each roll securely attached with a durable, marked and waterproof label identifying the manufacturer, specific roll number, batch number, product type, grade and manufacturing code. The labelling must be at 5 m spacing along the length of the roll of geosynthetic material. If the geosynthetic products present difficulties relating to labelling/printing, the supplier must propose a method of identification to be considered by the Principal for complying to the requirement. Refer to ISO 10320 for guidance.
Unless approved otherwise by the Principal, geosynthetic reinforcement must be delivered to the site at least 10 working days prior to commencement of installation, but not before the release of Hold Point 2 (refer to Clause 9.7).
Geosynthetic reinforcement must not be damaged during handling and storage. It must be stored:
0. in accordance with the manufacturer’s recommendations;
0. under protective cover or wrapped with a waterproof, opaque UV protective sheeting; and
0. in a manner that prevents heat damage and not in direct contact with the ground.
[bookmark: _Ref206515124][bookmark: _Toc215494676][bookmark: _Toc215820627]Sampling, Testing and Acceptance
The Contractor must ensure that the geosynthetic reinforcement is sampled and tested in accordance with this Specification. 
[bookmark: _Ref190684641]All sampling and testing must be performed by a laboratory that is acceptable to the Principal. A laboratory that is accredited for the test method to meet the requirements of AS ISO/IEC 17025 is acceptable to the Principal if the accreditation body that is a signatory to the International Laboratory Accreditation Cooperation Mutual Recognition Arrangement (ILAC MRA). 
All reporting requirements of the test method and material standard must be included in the test reports or test certificates and be expressed in English alphanumeric characters.
[bookmark: _Ref171330796]This Specification is based on ‘Factory Conformance Testing’, where the tests are carried out prior to delivery to the Site and may not necessarily be from the same batch delivered to the Site. The following applies to sampling for ‘Factory Conformance Testing’:
1. the test samples are manufactured under identical conditions to the geosynthetic reinforcement delivered to the Site, using identical constitute materials and the same production machinery; 
1. except for creep testing, the tests have been completed within the 12-month period preceding delivery to the Site;
1. the specified minimum frequency of testing is maintained;
1. a quality system is in place which demonstrates that the statistical control is in place; and
1. traceability of material to each manufacturing batch is in place.
If the conditions of Clause 9.4 are not satisfied, the samples tested must be taken from the same batch delivered to the Site. 
If an assessment of the effects of damage immediately after installation caused only by the installation techniques is undertaken, the sampling must be performed in accordance with ASTM D5818 or other standard acceptable to the Principal.
[bookmark: _Ref171331470][bookmark: _Ref206078739]A manufacturer’s Certificate of Compliance certifying that the geosynthetic reinforcements comply with the requirements of this Specification must be submitted to the Principal prior to the delivery of each consignment of geosynthetic reinforcement to the Site. Test results demonstrating compliance with Clause 5 must be submitted with the Certificate of Compliance, unless this requirement is waived by the Principal.
	HOLD POINT 2

	Process Held
	Placement of geosynthetic reinforcement

	Submission Details
	For each consignment, a Certificate of Compliance must be provided to the Principal at least 3 working days prior to delivery to the Site 


The Principal may select samples from the Site and arrange for audit testing of the geosynthetic reinforcement to be carried out, regardless of the quantity of geosynthetic reinforcement supplied. If requested, the Contractor must provide reasonable assistance for the sampling.
[bookmark: _Toc215494677][bookmark: _Toc215820628]Installation
[bookmark: _Toc215494678][bookmark: _Toc215820629]General
[bookmark: _Ref156834852]In addition to the requirements of ATS 2130, the Quality Plan must include the following details, procedures and relevant Inspection and Test Plans:
1. a plan showing the proposed layout of the geosynthetic reinforcement, including locations of overlaps and connections (where permitted);
1. the construction plant to be used for laying and covering the reinforcement and any restrictions on the construction plant, which may affect the installation or performance of the reinforcement; 
1. detailed reinforcement layout plan for specific locations with obstructions (e.g. columns or piers within fill areas), including the proposed filling method and compaction procedure;
1. method of filling and compaction over installed reinforcement; 
1. methodology for the repair (if permitted) or replacement of any geosynthetic material that has been damaged during installation; and
1. method of tensioning the reinforcement when used for a reinforced soil structure with facing panels.
Installation of geosynthetic reinforcement must comply with the manufacturer’s instructions and this Specification. Overlapping of the geosynthetic reinforcement in the primary direction (i.e. direction with the higher tensile strength) is not permitted, unless otherwise approved by the Principal.
The period between removal of protective wrapping from the geosynthetic reinforcement and it being covered must not exceed the lesser of 7 days and any period recommended by the manufacturer.
The Contractor must provide traceability in the use of geosynthetic reinforcement at all stages from delivery to installation.
[bookmark: _Toc215494679][bookmark: _Toc215820630]Filling over Installed Reinforcement
[bookmark: _Ref171331482]The Contractor must notify the Principal prior to placing fill on the geosynthetic reinforcement and submit evidence that the geosynthetic reinforcement has been laid out and overlapped in accordance with the design specification and the manufacturer’s instructions.
	HOLD POINT 3

	Process Held
	Placement of material on laid geosynthetic reinforcement

	Submission Details
	Evidence that the geosynthetic reinforcement has been laid out and overlapped in accordance with the specified requirements must be submitted to the Principal at least 24 hours prior to the commencement of placing material on laid geosynthetic reinforcement.


The geosynthetic reinforcement must not be damaged during fill placement. Measures taken to prevent damage include:
1. construction equipment not standing or traveling directly on the laid reinforcement;
1. placement of a minimum cover of 150 mm (uncompacted) of Selected Material over the laid reinforcement prior to construction equipment travelling over the area; and
1. equipment being used in a manner that will not cause damage to the laid reinforcement during compaction of the Selected Material. 
[bookmark: _Toc26182495][bookmark: _Toc215494680][bookmark: _Toc215820631]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

	4.2
	Delivery of the geosynthetic reinforcement to the Site
	
	Quality Plan

	9.7
	Placement of geosynthetic reinforcement
	
	Certificate of Compliance and certified test results

	10.5
	Placement of material on laid geosynthetic reinforcement
	
	Evidence that the geosynthetic reinforcement has been laid out and overlapped in accordance with the specified requirements





[bookmark: _Toc215820632]Amendment Record
	Edition no.
	Clauses amended
	Action
	Date

	1.0
	New specification
	New
	December 2025

	
	
	
	



	Key
	

	Format
	Change in format

	Substitution
	Old clause removed and replaced with new clause

	New
	Insertion of new clause

	Removed
	Old clauses removed
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