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[bookmark: _Toc188625299]Scope
[bookmark: _Toc514678946][bookmark: _Toc886733][bookmark: _Toc886732]Austroads Technical Specification ATS 5328 sets out the requirements for the supply and application of sprayed concrete for permanent works. It covers sprayed concrete which is:
applied by either wet or dry processes; and
supplied either with or without fibres.
Sprayed Concrete may alternatively be referred to as ‘shotcrete’. 
This Specification does not cover:
1. Sprayed Concrete used for permanent tunnelling structural elements;
1. the design of the concrete element (including design for durability, fire resistance, stability, strength and serviceability);
the design, supply and/or installation of supporting elements, such as rock bolts, soil nails or ground anchors; or
the design, supply and/or installation of waterproofing and drainage elements.
Where the Sprayed Concrete will be used for concrete repair work or for overlays for cathodic protection work, the requirements of ATS 5340 will also apply. 
[bookmark: _Toc188625300]Referenced Documents
The following documents are referenced in this Specification:
Australian/New Zealand Standards
AS 1012		Methods of testing concrete
Method 12.1	Determination of mass per unit volume of hardened concrete – Rapid measuring method
Method 13	Determination of the drying shrinkage of concrete for samples prepared in the field or in the laboratory
Method 14	Method for securing and testing cores from hardened concrete for compressive strength and mass per unit volume
Method 21	Determination of water absorption and apparent volume of permeable voids in hardened concrete
AS 1379		Specification and supply of concrete
AS 1478.1	Chemical admixtures for concrete, mortar and grout – Admixtures for grout
AS 3610.1	Formwork for concrete Part 1: Specifications
AS/NZS 4680	Hot-dip galvanized (zinc) coatings on fabricated ferrous articles
AS/NZS 4671	Steel for the reinforcement of concrete
AS 5100.5	Bridge Design Part 5: Concrete
Austroads
ATS 5310	Supply and Placement of Reinforcing Steel
ATS 5315	Supply of Special Class Concrete
ATS 5320	Placement of Concrete
ATS 5340	Cementitious Patch Repair of Concrete
ATS 5336	Fibre Reinforced Concrete
International/European Standards
DIN 1048		Part 5 Testing Methods for Concrete – Permeability
[bookmark: _Hlk87422668]ASTM International
ASTM C 1550	Standard Test Method for Flexural Toughness of Fibre Reinforced Concrete (Using Centrally Loaded Round Panel)
[bookmark: _Toc64027150][bookmark: _Toc188625301]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 apply to this Specification.
	Concrete Cover:
	The minimum distance between the reinforcing steel (excluding any fibres) and:
1. the nearest permanent surface of the Sprayed Concrete, and
the nearest point on the receiving surface.

	CP Overlay:
	Sprayed Concrete which comprises of an overlay applied to a cathodic protection system.

	Dry Process Application:
	Sprayed Concrete where:
1. a dry mixture of cement, additives and aggregates or bagged pre-mixed proprietary formulated mortar is pneumatically conveyed to a nozzle; and 
mixing with pressurised water occurs to produce the suitable consistency for the concrete to stick to the sprayed surface without slumping or rebounding excessively.

	Exposure Classification:
	The classification determined in accordance with AS 5100.5.

	Layer:
	The thickness of Sprayed Concrete built up from a number of passes of the nozzle over the working area.

	Nozzle:
	The equipment consisting of a pipe with a mixing unit into which the various constituents are introduced and fitted at the end of the delivery from which the Sprayed Concrete is projected onto the receiving surface.

	Nozzle Operator:
	The person controlling the nozzle and the application of the Sprayed Concrete.

	Overspray:
	Material outside the intended receiving surface.

	Rebound:
	Part of the Sprayed Concrete which having struck the receiving surface, does not adhere and deposits onto the ground or adjacent surfaces as wastage. It typically comprises of paste coated coarse aggregate.

	Sloughing/Sagging:
	Subsidence of the freshly applied Sprayed Concrete from its initial point of projection on the receiving surface.

	Sprayed Concrete:	
	Mortar or concrete pneumatically projected from a nozzle (sprayed) at high velocity onto a receiving surface where the sprayed material undergoes simultaneous placement and compaction to produce a dense homogeneous mass. It includes wet and Dry Process Applications.




	Wet process Application: 

	Sprayed Concrete where:
1. pre-mixed concrete or cementitious mortar is pumped down a hose to the exit nozzle, and
1. compressed air is introduced via a separate hose to continuously propel the mix onto the prepared substrate.
In some circumstances, set accelerating admixtures are added to the concrete mix at the spray nozzle using purpose designed equipment.


[bookmark: _Toc514678947][bookmark: _Toc886734][bookmark: _Toc188625302]Quality System Requirements
[bookmark: _Ref92899201][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

	5.1
	Details of the concrete mix design and trial mix in accordance with ATS 5315 

	6.1
	Details of the experience and qualifications of the key personnel

	8.1
	Details of proposed equipment to be used and evidence of its capacity to carry out the work

	9.1
	Program and details for the preparation and testing of test panels

	10.1
	Methodology/procedure for surface preparation and placing and fixing of reinforcement

	11.1
	Procedures for the application, finishing and curing of the Sprayed Concrete.



	[bookmark: _Hlk9589851]HOLD POINT 1

	Process Held
	Application of Sprayed Concrete.

	Submission Details
	[bookmark: _Hlk3530642]The Quality Plan must be provided to the Principal at least 10 working days prior to the application of the Sprayed Concrete.


[bookmark: _Ref108010309][bookmark: _Ref108073422][bookmark: _Ref55459413][bookmark: _Ref15996048][bookmark: _Toc1138829][bookmark: _Toc9850016][bookmark: _Hlk9434043][bookmark: _Toc188625303]Design Of The Concrete Mix
[bookmark: _Ref125722746][bookmark: _Toc188625304]General
[bookmark: _Ref161810748]The concrete mix design, including preparation of a trial mix, must be carried out and approved in accordance with ATS 5315, except that the nominated slump must be suitable for application by spraying. The design and trial of the Sprayed Concrete mix must be based on the anticipated conditions which will prevail on site so that, under these conditions and with the nominated application method, use of accelerating admixtures and nozzle operators, the Sprayed Concrete meets all the requirements of this Specification.
 If the concrete mix contains fibres, the design requirements specified in ATS 5336 also apply. 
[bookmark: _Toc124323522][bookmark: _Toc188625305]Drying Shrinkage
[bookmark: _Ref56783977]The trial mix must be tested for compliance with Clause 5.4, unless specified in the Contract documents that testing for drying shrinkage is not required.
[bookmark: _Ref161758359][bookmark: _Ref74842352]Drying shrinkage (determined from the average value of 3 specimens) must not exceed the values in Table 5.4, after either of 21 days or 56 days drying period. 
[bookmark: _Hlk74842375]Table 5.4:	Maximum Drying Shrinkage of Concrete Specimens
	Exposure Classification
(Refer AS 5100.5)
	Maximum drying shrinkage strain (microstrain) 
Tested in accordance with AS 1012.13

	
	Drying period

	
	21 days
	56 days

	A
	680
	900

	B1, B2
	560
	800

	C1, C2
	530
	700

	U
	As specified in the Contract documents


[bookmark: _Ref96624520][bookmark: _Toc188625306]Contractor’s Personnel 
[bookmark: _Ref92899488]The Quality Plan must include details of the qualifications and experience of the supervisor, the nozzle operators, finishers and other key personnel. 
Personnel undertaking tasks in connection with this Specification must comply with the following requirements:
1. The nozzle operator, supervisor, finisher and others applying the Sprayed Concrete must have a minimum of 5 years of experience in Sprayed Concrete application and a demonstrated competency for substrate preparation, Sprayed Concrete placement techniques and inspection, Sprayed Concrete material quality, equipment operation, encapsulation of steel reinforcement, finishing and curing.
The nozzle operator must have demonstrated the ability to produce Sprayed Concrete complying with the specification and have prepared a test panel in accordance with the requirements in Clause 9.
The Sprayed Concrete supervisor must be trained and qualified on all aspects of Sprayed Concrete application techniques and must be present at each stage of the works.
If specified in the Contract documents, the nozzle operators must be accredited with European Federation of National Associations Representing for Concrete (EFNARC) qualifications.
[bookmark: _Toc188625307]Materials
The concrete constituent materials must conform to ATS 5315. 
If the concrete mix contains fibres, the requirements specified in ATS 5336 also apply. 
Any proprietary products used in a Dry Process Application must comply with ATS 5340.
Steel bar, coil or welded mesh used for the reinforcement of concrete must comply with ATS 5310. If specified on the Drawings, this steel bar, coil or welded mesh and tie wire placed in sprayed applied concrete retaining walls, soil nail walls, tunnel linings, supporting in situ excavated material and surface improvement must be hot-dip galvanized in accordance with the requirements of AS/NZS 4680.
[bookmark: _Toc188625308]Equipment
[bookmark: _Ref92899545]The Quality Plan must include details of the proposed equipment for the application of the Sprayed Concrete and evidence of its suitability for the work.
The equipment must:
1. be capable of delivering the concrete to the nozzle at a uniform rate such that the Sprayed Concrete leaves the nozzle in a continuous uninterrupted stream and at a velocity of discharge that will maximise compaction, minimise rebound and overspray and prevent sagging of the applied concrete;
1. be capable of allowing the nozzle to be maintained perpendicular and at a distance of less than 1 m from the receiving surface, and except where necessary, at the required angle that will produce a dense in situ concrete with maximum adherence of material onto the prepared substrate; and
1. include delivery hoses which have an internal diameter that enables unimpeded flow of material without blockages, balling of fibre or segregation of aggregate and/or fibre.
If steel fibres are used, the minimum internal diameter of the delivery hose is the greater of:
1. 1.33 times the maximum length of the steel fibres; and
5 times the maximum size of the aggregate.
Chemical admixture dispensing equipment and meters must:
1. be regularly maintained;
1. be calibrated at 3 monthly intervals; 
1. deliver admixtures to the nozzle in a constant manner to ensure even coverage of the admixture; and
1. not deliver admixtures at rates greater than manufacturer’s and designer’s recommendations.
[bookmark: _Ref108008620][bookmark: _Toc188625309]Test Panels 
[bookmark: _Toc188625310]General
[bookmark: _Ref92986287]Prior to the commencement of construction of the permanent Works, the Contractor must prepare test panels and test these panels to demonstrate that the proposed mix design, constituent materials, equipment, method of working and nozzle operator comply with this Specification. The mix design used in the panels must be the mix design approved under Clause 5.1.
[bookmark: _Ref92899692]Where the Contractor can demonstrate that the same materials, mix designs, equipment, procedures and personnel have given satisfactory results in recent similar works, the Contractor may submit a proposal to the Principal that the test panels are made concurrently with the first Sprayed Concrete placed in the permanent Works. 
If, as a result of preparing or testing the test panels, the proportions of constituent materials are modified by more than the tolerances specified in ATS 5315, a new mix design must be submitted to the Principal and new test panels prepared.
If, at any time, the Contractor proposes to change the source of materials, plant, equipment, the method of working or nozzle operator, the Contractor must provide new test panels and test results in accordance with this Clause 9. However, the Contractor may submit a proposal to the Principal that the test panels are made concurrently with the Sprayed Concrete placed in the permanent Works. Any such proposal must include evidence that the change will not affect the performance of the Sprayed Concrete. 
[bookmark: _Toc188625311]Preparation of Test Panels
Prior to the commencement of the permanent work, the Contractor must ensure that each proposed nozzle operator prepares sufficient test panels to enable the of the testing required by this Specification to be carried out. The panels must have following minimum dimensions:
1. 750 mm × 750 mm; and
 the specified thickness, but not less than 150 mm. 
The test panels must:
1. be prepared in a rigid, non-absorbent mould;
be representative of the proposed equipment, location and spraying technique;
use the same materials as the approved concrete mix design; 
be sprayed in the actual orientation of the Sprayed Concrete in the Works;
be stored and cured under similar conditions to the Sprayed Concrete placed in the Works; 
where applicable, have the same detailing of steel reinforcement or titanium anode mesh for CP Overlay; and
fully encapsulate the conventional steel reinforcement (where used).
[bookmark: _Hlk161763345]If the concrete contains fibres, separate test specimens must be made using 75 mm thick round forms 800 mm in diameter, for the purpose of toughness testing accordance with Clause 13.7.
[bookmark: _Toc188625312]Sampling and Testing of Panels
[bookmark: _Hlk108103842]The Contractor must ensure that testing of the panels is undertaken to verify that the following properties comply with the acceptance criteria in Table 13.7:
1. concrete integrity;
1. compressive strength;
concrete density;
[bookmark: _Hlk126227764]permeability (if specified in the Contract documents);
volume of permeable voids (if specified in the Contract documents); and
toughness (where the concrete contains fibres). 
If the concrete contains fibres, any additional testing specified by the designer in accordance with ATS 5336 must be carried out on the panels.
Approximately 48 hours after the panel has been sprayed, the Contractor must:
1. cut a sample of 8 cores from each test panel, at right angles to the plane of the panel and not within 125 mm of the edges of the panel; and
ensure that 2 of the cores per sample are cut through the steel reinforcement for the purpose of visual assessment of the quality of the Sprayed Concrete adjacent to steel reinforcement.

[bookmark: _Toc188625313]Test Panel Report
[bookmark: _Ref92899315]The Contractor must prepare a report containing the following information:
1. the mix design details; 
the following details of the test panels:
number and sizes of test panels;
concrete mix used in each test panel;
type and dosage of fibres;
type and dosages of nozzle-added admixtures;
required and actual thickness;
description of finished product;
description of internal cut surfaces; and
degree of control required to achieve uniform Sprayed Concrete without excessive rebound, sloughing, partial or total collapsing during application.
The following test reports from the test panels:
1. concrete integrity;
1. compressive strength (7 day tests may be used may be used for acceptance);
toughness in terms of energy absorption of the round panel specimens;
density;
permeability (if specified); and
VPV (if specified).

	HOLD POINT 2

	Process Held
	Application of Sprayed Concrete.

	Submission Details
	The Test Panel Report must be submitted to the Principal at least 5 working days prior to the commencement of the application of Sprayed Concrete.


[bookmark: _Ref92899013][bookmark: _Toc188625314]Preparation For Sprayed Concrete
[bookmark: _Toc188625315]General 
[bookmark: _Ref92899631]The Quality Plan must include details/procedures for:
1. surface preparation; 
placing and fixing of reinforcement; and
placing and fixing of drainage elements, such as strip drains and waterproofing.
Any flowing water present must be controlled to ensure that the structural integrity of the Sprayed Concrete is not adversely affected.
[bookmark: _Toc188625316]Earth/soil Substrate
Prior to the application of the Sprayed Concrete against earth or soil, the Contractor must ensure that:
1. the structural integrity of the substrate surface is maintained and is free of excessive wetting or drying;
any loose and unsound material which may affect adhesion of the Sprayed Concrete to the in-situ surface is removed and the surface is cleaned to the extent practicable; and
if necessary, the surface is prewetted to prevent excessive absorption of mixing water from the Sprayed Concrete;
[bookmark: _Toc188625317]Rock Substrate
Prior to the application of the Sprayed Concrete against rock, the Contractor must ensure that:
1. all rock surfaces are free of loose material, debris, chips, mud, dirt, or other foreign matter;
after the loose material has been removed, the surface is washed as required with a high-pressure air/water jet or by other means; and
after the above preparation is carried out, any excess free water is removed by blowing with oil-free dry compressed air.
[bookmark: _Toc188625318]Existing Concrete Substrate
Prior to the application of the Sprayed Concrete against existing concrete, the Contractor must ensure that:
1. loose and unsound material is removed from the existing concrete surface and the concrete surface is thoroughly cleaned down to remove any traces of dirt, grease, oil, remnants of curing compounds and organic contaminants (i.e. moss, algae, etc.), or other substances that could interfere with the bond of the newly placed Sprayed Concrete;
the surface is prepared so that abrupt changes in thickness of the Sprayed Concrete will not occur;
where Sprayed Concrete is to be placed against a smooth concrete surface, the surface is roughened by removing the surface layer and it is treated as a construction joint in accordance with ATS 5320; and
after the above preparation is carried out, the surface is prewetted and any excess free water is removed by blowing with oil-free dry compressed air. 
Where a cementitious patch repair or a CP Overlay is to be applied, the concrete substrate must be prepared in accordance with the requirements of ATS 5340.
[bookmark: _Toc188625319]Steelwork and Reinforcement
Steelwork and reinforcement bars must be free of loose or thick rust, oil, grease paint mud or any other harmful coating over the metal prior to the application of Sprayed Concrete.
Reinforcement must comply with ATS 5310 and be firmly fixed to provide the Concrete Cover, clearances and laps shown on the Drawings. Contact between galvanized steel and steel complying with AS/NZS 4671 is not permitted.
[bookmark: _Toc188625320]Application Of Sprayed Concrete 
[bookmark: _Ref92899652][bookmark: _Toc188625321]General
[bookmark: _Ref108105764]The Quality Plan must include details/procedures for:
1. the addition and mixing of admixtures into the Sprayed Concrete;
the application and finishing of the Sprayed Concrete; and
curing, including the anticipated minimum ambient temperatures during the curing period.
The production of the concrete must comply with Clause 15 of ATS 5315.The application of Sprayed Concrete must not damage or impair the function of any subsoil drainage or geotextile present. 
Wet process Sprayed Concrete using pre-mixed concrete must be used for structural applications such as retaining walls and soil nail walls.
Either the wet or dry application processes may be used for concrete repair works and for the construction of CP Overlays of concrete structures, using proprietary spray applied cementitious mortars.
[bookmark: _Ref92899345]Sprayed concrete must be applied as soon as is practical following the preparation of the substrate as specified in Clause 10.
	WITNESS POINT 1

	Process 
	Application of Sprayed Concrete.

	Notification Period 
	Notification that the Site will be ready for the application of Sprayed Concrete must be provided at least 2 working days prior to the commencement of the application of Sprayed Concrete.


If groundwater is present, the application method must ensure that excess water does not adversely affect the concrete and if necessary, measures must be implemented to prevent to the development of hydrostatic pressures behind the Sprayed Concrete.
The finished Sprayed Concrete must be dense and homogeneous for its full thickness, without segregation of aggregate or any fibres, and without collapsing, excessive rebound or other visible imperfections.
Each layer of the Sprayed Concrete must be built up by making several passes over the working area. During starting and stopping of the spraying operation or whenever flow becomes intermittent or irregular for any cause the nozzle operator must direct the nozzle away from the work until it again becomes constant.
Where a set layer of Sprayed Concrete is to be covered by succeeding layers, the surface must be checked for soundness, segregated, loose or otherwise uncompacted Sprayed Concrete removed, repaired as specified, cleaned, and wetted using a blast of air and water.
For vertical and near vertical surfaces application must commence at the bottom. For overhead surfaces Sprayed Concrete must be applied from the shoulder to the crown.
Unless specified otherwise, the layer thickness must be limited to a maximum of 150 mm to ensure that the material does not sag or delaminate.
The spray nozzle must be held at such a distance and angle to ensure placement of concrete behind and around steel reinforcement before any concrete is allowed to accumulate on its front face. Sprayed concrete must not be placed through more than one layer of steel fabric, reinforcing bars or titanium anode mesh in one application.
Any areas where rebound cannot escape or be blown free must be filled with sound concrete. All overspray or rebound must be removed, prior to the placement of Sprayed Concrete onto adjacent surfaces.
Where the spraying process is affected by wind or other adverse effects during application, spraying must be discontinued unless special precautions can be implemented to ensure compliance with the requirements of this Specification.
Curing compounds must not be used when a further layer of Sprayed Concrete or other bonded finish is to be applied.
Sprayed concrete must only be applied in accordance with the requirements of ATS 5320 with respect to temperature, evaporation limits and concreting operations.
[bookmark: _Toc188625322]Maximum Time for the Application of Sprayed Concrete
Further to Clause 15 of ATS 5315, where a hydration control admixture is added to the concrete mix to achieve the required time for the application of the Sprayed Concrete, the approved application time must not be exceeded.
[bookmark: _Ref92956117][bookmark: _Toc188625323]Addition of Fibres
If fibres are used, the requirements of ATS 5336 apply. 
[bookmark: _Toc188625324]Joints
The positions and types of joints must be as shown on the Drawings. Unformed joints are not permitted.
[bookmark: _Toc188625325]Concrete Repair and CP Overlay Work 
Where the work comprises of concrete repair and/or overlay work using a proprietary spray applied cementitious mortar, during each day of production the Contractor must prepare a test panel (‘Production Test Panel’) which is representative of the work completed during that day. Each production test panel must be:
1. prepared by fixing a rigid, non-absorbent mould alongside the position of application of Sprayed Concrete to the Works;
[bookmark: _Ref96625601]stored and cured under similar conditions to the Sprayed Concrete placed in the Works and in accordance with the specification; and 
sampled and tested in accordance with Clause 13.7.
[bookmark: _Ref92961245]Concrete repair works completed with proprietary spray applied cementitious mortar must comply with the quality control testing requirements of ATS 5340.
[bookmark: _Toc188625326]Finishing and Curing
[bookmark: _Ref92899058][bookmark: _Toc188625327]Finishing
[bookmark: _Ref108103261]Unless specified otherwise in the Contract documents, the surface of Sprayed Concrete must comply with Table 12.1.
[bookmark: _Hlk108103278]Table 12.1:	Surface Finish 
	Application
	Surface Finish

	Structural concrete, including retaining walls, soil nail walls and CP Overlay
	Class 3 finish AS 3610.1 (unless specified otherwise in the Contract documents).

	Concrete repair works completed with proprietary spray applied cementitious mortar.
	In accordance with ATS 5340

	Other Sprayed Concrete surfaces
	Left as sprayed. All surface finishes must be uniform in texture and colour and free from any blowholes or surface imperfections as defined in ATS 5340.


Where fibres are included in the concrete mix, additional requirements for the surface finish are included in ATS 5336.
[bookmark: _Toc188625328]Curing 
[bookmark: _Ref108078004]Curing must comply with ATS 5320.
[bookmark: _Ref108100986][bookmark: _Toc188625329]Sampling, Testing and Acceptance
[bookmark: _Hlk108095965][bookmark: _Hlk108100843][bookmark: _Toc188625330]General 
The Contractor must sample and test the Sprayed Concrete in accordance with this Clause 13. If a test does not meet the specified requirements, the Contractor must:
1. inspect and assess in detail all of the Sprayed Concrete represented by that test and determine the extent of non-conforming work; and
carry out rectification work (which may include removal and replacement) so that the Sprayed Concrete complies with this Specification. 
[bookmark: _Ref108094231]Plastic concrete must be sampled and tested for slump and compressive strength in accordance with ATS 5315. If fibre is added to the concrete mix, the requirements of ATS 5336 also apply. Concrete repair and CP overlay Works completed with proprietary spray applied cementitious mortars must comply with the sampling and testing requirements in ATS 5340 and the concrete integrity requirements in Table 13.7.
The properties of the constituent materials used in the production of concrete must be sampled and tested in accordance with ATS 5315.
[bookmark: _Toc188625331]Sampling and Testing of Hardened Concrete 
Except for toughness testing, the properties of hardened concrete must be verified by the testing of concrete cores. The actual core sites must be selected in accordance with ATM 020, except those areas within 200 mm of the edges of construction and within one metre of a lateral construction joint are excluded from the Lot.
[bookmark: _Ref92899087]For the purpose of compressive strength testing of hardened concrete, a sample comprises of 4 cores and the minimum number of samples must be in accordance with Table 13.5. These cores are in addition to any cores taken for testing of density, permeability or VPV.
Table 13.5:	Sampling Frequency of Compressive Strength Testing
	Volume of Sprayed Concrete per Day (m3)
	Minimum Number of Samples
(each comprising 4 cores)

	< 25
	1

	25 to 50
	2

	For each additional 50 m3 of Sprayed Concrete constructed
	1 additional sample


[bookmark: _Ref92899110][bookmark: _Ref92960042]Where soil nails are to be inserted through the Sprayed Concrete, the 3 day compressive strength test must be completed and the results assessed for compliance with the specified requirements prior to drilling proceeding.
[bookmark: _Ref126244165][bookmark: _Ref108100654]Hardened concrete must be tested in accordance with Table 13.7. 


[bookmark: _Hlk108100655][bookmark: _Hlk108094192]Table 13.7:	Testing of Hardened Concrete
	[bookmark: _Hlk83826989]Property
	Test Frequency
	Test Method
	Acceptance Criteria

	Concrete Integrity
	Every core taken
	Visual Inspection of core
	Concrete is dense and homogeneous and free of defects such as lack of compaction, dry patches, voids or sand pockets.
No segregation of aggregate and/or fibre.

	Thickness
	Every core taken
	Visual Inspection of core
	The average layer thickness is not to be less than that specified, and no individual layer thickness measurement is less than 0.85 times the minimum requirement.

	Compressive Strength at the following times after the concrete placement

	72 hours(1)
	1 core per sample
	AS 1012.14
	Report only.

	7 days
	1 core per sample
	AS 1012.14
	Each core has a compressive strength equal to or greater than 0.85 times that specified; or 
The average compressive strength is equal to or greater than 0.85 times that specified and the difference between the strength of individual cores is less than 20% of the average.

	28 days
	2 cores per sample
	AS 1012.14
	

	Density at 28 days(1)
	2 cores for each day of production
	AS 1012.12.1
	Not less than 98% of:
a) that of the corresponding samples taken from the transit mixer in accordance with AS 1012.8.1; and
b) the density of the nominated concrete mix.

	Permeability(1)
	2 cores per sample
	AS 1012.14

DIN 1048
Part 5
	Exposure
classification(2)
	Maximum Penetration Depth (mm)

	
	
	
	A
	30

	
	
	
	B1
	30

	
	
	
	B2
	25

	
	
	
	C1 or C2
	25

	Toughness(1)
(concrete containing fires only)
	2 specimens for each day of production
	ASTM C 1550
	The toughness as measured by energy absorbed in causing central deflections of 5 mm and 40 mm must be equal to or exceed 100 Joules and 500 Joules respectively. (3)

	Drying Shrinkage
	2 specimens for each day of production
	AS 1012.13
	Refer Table 5.4

	[bookmark: _Hlk126227751]Volume of Permeable Voids (VPV) at 28 days(1)
	2 cores per sample
	AS 1012.21
	As specified in ATS 5315


[bookmark: _Hlk108094330]Notes:
1.	If specified by the designer or if the Contract documents specify that this testing is required.
2.	If Exposure Classification U applies, additional requirements will be specified elsewhere in the Contract documents.
3.	If two panels are tested from the same day work, the mean performance must be used and the lower performing specimen must be discarded if the results differ by more than 20% of the higher result.
[bookmark: _Toc188625332]Coring
Coring for testing of hardened concrete must be undertaken in accordance with AS 1012.14. The minimum diameter is 75 mm.
Coring from the works must not be undertaken unless steel reinforcement has been located either by prior knowledge of its exact location or by use of a calibrated cover meter supplemented by reference to the drawings. The location of the steel must be clearly marked upon the surface of the concrete to ensure the accuracy of the coring activity. Any core containing a reinforcing bar is rejected.
The cores must be cored through the whole thickness of the Sprayed Concrete.
Core holes in finished Works must be cleaned and repaired with a single component, shrinkage compensating proprietary cementitious material in accordance with ATS 5340. The exposed surface of the repaired hole must be identical in texture and colour to the surrounding finished work concrete.
The concrete cores must be secured, stored, cured and tested in accordance with AS 1012. All cores must be clearly labelled to identify them with the location they represent.
Cores must be corrected in accordance with AS 1012.14 for any variation in length/diameter ratio under 2.0.
[bookmark: _Toc188625333]Surface Tolerances of Sprayed Concrete
[bookmark: _Ref92899128]The surface of Sprayed Concrete must comply with the tolerances in Table 14.1.
Table 14.1:	Tolerances
	Application 
	Requirement

	Sprayed concrete in structural applications
	As specified in ATS 5320

	Concrete repairs and CP Overlay completed with proprietary spray applied cementitious mortars
	As specified in ATS 5340

	Sprayed concrete to be placed to a specified shape
	Within ± 25 mm of that shape and contain no depression greater than 15 mm below a 2 m straight edge

	Sprayed concrete on natural surfaces or surfaces with undefined shape
	Thickness within 0 mm + 15 mm of the nominal thickness

	Concrete Cover to the steel reinforcement
	As shown on the Drawings and as specified in ATS 5310


The Contractor must use probes during the application of sprayed concrete to enable the monitoring of the required thickness. However, the Contractor may submit a proposal to the Principal for the use of alternative methods for the monitoring of sprayed concrete thickness during application.
[bookmark: _Ref188539810][bookmark: _Toc188625334]Inspection and Repair 
[bookmark: _Ref92961320]The Contractor must undertake a visual inspection and a soundness inspection of the finished sprayed concrete works at the age of at least 28 days and record the inspection. An inspection to verify compliance with Clause 14.1 must also be undertaken and the results submitted to the Principal. 
The visual inspection must be for defects such as lack of compaction, dry patches, voids or sand pockets. Soundness inspection must be by tapping with a small (0.8 kg) hand-held hammer to locate ‘drummy’ or ‘hollow’ response areas that might indicate a possible lack of bond, delamination or another defect.
Any work that does not comply with the requirements of this Specification must be replaced or repaired. Where rectification of any areas that exhibit a ‘drumminess’, lack of compaction or bonding, dry patches, voids and sand pockets, or have slumped or sagged, is proposed, the Contractor must submit a proposal to the Principal with details of the proposed method.
The exposed surface of the repaired defective area must be similar in texture and colour to the surrounding Sprayed Concrete.
[bookmark: 13.1_General][bookmark: 13.2_Test_and_Inspection_Reports][bookmark: _bookmark11][bookmark: _Toc26182495][bookmark: _Toc188625335]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. Application of sprayed concrete
	
	Quality Plan

	9.11
	2. Application of sprayed concrete
	
	Results of test panels 

	11.5
	
	1. Application of sprayed concrete
	

	11.21
	
	
	Test results from proprietary products

	13.2
	
	
	Test results taken from plastic concrete

	13.7
	
	
	Core sample test results

	15.1
	
	
	Inspection Report






Amendment Record
	Amendment no.
	Clauses amended
	Action
	Date

	-
	New specification
	New
	January 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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