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Introduction
Alkali aggregate reaction (AAR) is a chemical process which may lead to the premature deterioration of concrete structures. The most common form of AAR is alkali-silica reaction (ASR), which occurs when free or unstable fine-grained silica in the concrete aggregate reacts with the alkali hydroxides (ie, sodium and potassium) in the concrete constituent materials (cement, supplementary cementitious materials, admixtures, mixing water, aggregates) and potentially from the in-service environment of the particular concrete element. Another form of AAR is alkali-carbonate reaction (ACR), which only occurs rarely in Australia. 
[bookmark: _Hlk79572103]Because testing of aggregates to determine their level of reactivity may take up to two years, it is difficult to manage AAR on the basis of individual construction contracts. This Code of Practice has been prepared to enable the recognition of prior testing and AAR management strategies before the aggregates are incorporated into the concrete. Approval of the concrete aggregate in accordance with this Code of Practice is mandatory on all projects constructed for [insert agency name]. 
An aggregate will be approved if it satisfies the assessment process outlined in this Code of Practice and the quarry undertakes regular testing in accordance with an approved Quality Plan. In many instances, the approval of the aggregate (or blend of aggregates) will be subject to the concrete being manufactured with a blended cement containing supplementary cementitious materials in specified proportions. This will mitigate the risk of damage to concrete structures constructed with this concrete mix as a result of AAR.
[bookmark: _Toc124413910]References
Standards Australia
AS 1141.60.1 	Methods for sampling and testing aggregates Method 60.1: Potential alkali-silica reactivity— Accelerated mortar bar method
AS 1141.60.2	Methods for sampling and testing aggregates Method 60.2: Potential alkali-silica reactivity— Concrete prism method
SA HB 79	Alkali Aggregate Reaction—Guidelines on Minimising the Risk of Damage to Concrete Structures in Australia
ASTM International
ASTM C295	Standard Guide for Petrographic Examination of Aggregates for Concrete
ASTM C586	Standard Test Method for Potential Alkali Reactivity of Carbonate Rocks as Concrete Aggregates (Rock-Cylinder Method)
ASTM C1105	Standard Test Method for Length Change of Concrete Due to Alkali-Carbonate Rock Reaction
[bookmark: _Toc124413911]Definitions and Abbreviations
	AAR:
	Alkali Aggregate Reaction

	ACR:
	Alkali Carbonate Reaction

	ASR:
	Alkali Silica Reaction

	AMBT:
	Accelerated Mortar Bar Test carried out in accordance with AS 1141.60.1

	CPT:
	Concrete Prism Test carried out in accordance with AS 1141.60.2

	Critical Application: 
	An application where the design life is 100 years or more and the structural elements will have at least one surface that is maintained in moist conditions, including:
elements submerged in water or buried in soil;
a) elements in splash zone or spray zone;
b) members to be cured by accelerated heat curing;
c) large concrete members, such as piers with a minimum cross section dimension greater than 0.8 m, abutments with length greater than 3 m and one face in contact with soil.

	E
	AMBT Expansion

	e
	CPT Expansion

	Pessimum Effect:
	The property of some combinations of aggregates where:
1. the expansion reaches a maximum at a particular proportion of aggregates; and
the expansion deceases with the addition of more silica rich aggregates.

	SCM:
	Supplementary Cementitious Material, including fly ash, ground granulated blast furnace slag and amorphous silica


[bookmark: _Toc124413912]Approval of the Aggregate
To obtain approval for the aggregate, the supplier of the aggregate (“Applicant”) must submit test results to [insert agency name], demonstrating compliance with this Code of Practice, as well as a copy of the quarry’s Quality Management Plan. Further details of the application are contained in Clause 12.
[insert details regarding how to submit the application and whether a registration system of approved mixes will be maintained].
[bookmark: _Hlk90473844]At any time, [insert agency name] may request the Applicant to:
supply samples of the aggregate for assessment;
carry out a visual inspection of the quarry; and/or
reasonably request additional testing be carried out to verify the results in accordance with this Code of Practice.
In summary, the assessment and approval process is as follows:
1. Undertake a petrographic examination in accordance with Clause 5.
Undertake the AMBT in accordance with Clause 7 as follows:
[bookmark: _Hlk91078912]If classified by AMBT as Non-Reactive, the aggregate will be approved for use in concrete without AAR control.
If the aggregate is classified as Slowly Reactive by the AMBT, the aggregate will be approved, subject to it being used with the AAR controls set out in Table 3. Alternatively, the Applicant may elect to carry out further testing using the CPT.
If the aggregate is classified as Reactive by the AMBT, the Applicant must undertake further testing using the CPT.
[bookmark: _Hlk90475135]If the Applicant undertakes CPT using the “deemed to comply” approach, the aggregate will be approved for use in concrete, subject to the requirements in Table 3 being implemented and the CPT result being E  < 0.06%.
If the Applicant elects to undertake CPT using the “performance based” approach, Slowly Reactive or Reactive aggregate will only be approved if the CPT test results, using blended cement, meet the requirements of Clause 10.
An aggregate must not be used in a concrete mix unless it is approved by [insert agency name] and it must be used in accordance with any conditions attached to that approval.
[bookmark: _Ref90900997][bookmark: _Toc124413913]Petrographic Examination 
The Applicant must carry out a petrographic examination of the aggregate in accordance with ASTM C295.
[bookmark: _Hlk97193132]In particular, the presence of obviously reactive components must be recorded, including:
1. opaline material; acid volcanic glass;
unstable silica minerals such as moderate amounts of tridymite, cristobalite and chalcedony;
metamorphosed and sheared rock containing large amounts of strained quartz and microcrystalline quartz.
[bookmark: _Toc124413914]Alkali Carbonate Reactivity 
If the petrographic examination identifies potential alkali-carbonate reactive components, the use of this material must be avoided unless further testing in accordance with ASTM C586 and ASTM C1105 indicates that the rock is non-reactive. If the aggregate exhibits expansion of greater than 0.015% over three months when tested using ASTM C1105, the test must be extended to six months. If at this time the total expansion is greater than 0.025%, then the aggregate must not be used. The Applicant may submit a proposal to [insert agency name] to use an alternative test method in lieu of ASTM C586. Any such proposal must be accompanied by evidence of the suitability of the proposed test method.
AS 1012.13 is deemed to contain the same sample preparation and measuring regime as ASTM C157 (referenced in C1105). For the purposes of ASTM C1105, ‘moist’ is defined as 95 ± 5% relative humidity except that the specimens must be stored in a moisture controlled room and not immersed in water.
[bookmark: _Ref90901013][bookmark: _Toc124413915]Initial Screening of the Aggregate
The Applicant must:
1. [bookmark: _Hlk90474034]carry out an initial screening of AAR using the AMBT to AS 1141.60.1 using only GP cement (i.e. without SCM); 
prepare the test report required by AS 1141.60.1; and
classify the aggregate and take the required actions in accordance with Table 7.1.
[bookmark: _Ref124511833]Table 7.1:	Classification of AAR by AMBT
	AMBT Expansion “E” (%)
	AMBT
Classification
	Action

	At 10 days
	At 21 days
	
	

	E < 0.10 (1)
	E < 0.10 (1)
	Non-Reactive
	No further testing required (2).

	E < 0.10 (1)
	0.1 (1) ≤ E < 0.30
	Slowly Reactive
	Further testing is not mandatory if blended cement is used in accordance with Table 9.1.
Otherwise, carry out CPT in accordance with Clause 8.

	E ≥ 0.10 (1)
	
	Reactive
	Carry out CPT in accordance with Clause 8.

	Any value
	0.3 ≤ E < 0.80
	
	

	
	E ≥ 0.80
	Highly Reactive 
	Do not use the aggregate


Notes:
For natural sands, the maximum expansion is 0.15%.
Provided that the aggregate does not exhibit the Pessimum Effect.
[bookmark: _Ref91142626]The aggregate must be tested for Pessimum Effect if:
1. the petrographic examination of aggregates shows large amounts (typically > 20%) of amorphous silica materials, such as opaline and glassy phases; but 
the AMBT expansion E is < 0.10 % at 21 days.
[bookmark: _Ref91142637]The following methodology must be used to test for the Pessimum Effect:
1. The aggregate is blended with Non-Reactive aggregates in varying proportions (at least 3 blends) so as to determine if there is a blend which produces an E value that is higher than the unblended aggregate.
The classification is determined from the highest E value result from all tests carried out on the blended and unblended aggregate. 
[bookmark: _Ref91079268][bookmark: _Toc124413916]Concrete Prism Test
Clause 8.2 applies if the aggregate, when classified by the AMBT in accordance with Table 7.1, is 
1. “Reactive”; or
“Slowly Reactive” and the Applicant elects not to adopt the “deemed to comply“ approach specified in Table 9.1.
[bookmark: _Ref96502999]The CPT is carried out as follows:
1. carry out further screening of AAR in accordance with AS 1141.60.2, using only GP cement
(i.e. without SCM); 
prepare the test report required by AS 1141.60.2; and
classify the aggregate and take the required actions in accordance with Table 8.1.
[bookmark: _Ref124512032]Table 8.1:	Classification of AAR by CPT
	CPT Expansion
	Action

	At 1 Year
	Classification
	

	e < 0.03% 
	Non-Reactive
	No further testing required (1) (2).

	0.03% ≤ e < 0.06%
	Slowly Reactive (3) or Reactive
	Comply with the requirements of Clause 9 or Clause 10 as applicable.

	e > 0.06%
	Highly Reactive
	Do not use the aggregate


Notes:
1. Cases may occur where expansion values for AMBT are greater than 0.30% at 21 days and so would normally be classified as “Reactive”, but CPT values classify the aggregates as Non-Reactive or Slowly Reactive. These aggregates:
· may be classified as Non-Reactive or Slowly Reactive if used as coarse aggregates; and 
· must not be used as fine aggregate, unless they have been assessed using a performance based approach complying with Clause 10.
Provided that the aggregate does not exhibit the Pessimum Effect when assessed on accordance with Clause 7.3.
Additional classification to AS1141.60.2 classification.
[bookmark: _Ref90901059][bookmark: _Ref90901069][bookmark: _Ref90901227][bookmark: _Toc124413917]Control of AAR Using the “Deemed to Comply” Approach
The Applicant may elect to use the “Deemed to Comply” approach for mitigation of Slowly Reactive and Reactive aggregates if the AMBT and CPT are carried out in accordance with Table 7.1and Table 8.1 using GP cement only. 
Approval to use the aggregate is subject to it being used with the blended cements specified in Table 9.1 (or other blends approved by [insert agency name]) in the manufacture of concrete.
[bookmark: _Ref124512151]Table 9.1:	 “Deemed-to-Comply” Approach for Control of Potential AAR
	AMBT Expansion “E” (%) at 21 Days)
	CPT Expansion “e” (%) at One Year
	Actions Required

	E < 0.30
(Slowly Reactive when classified by Table 7.1)
	Test is not mandatory
	Use blended cement with a minimum of 25% fly ash or 50% ground granulated blast furnace slag (1) in production concrete

	0.30 ≤ E < 0.50
(Reactive when classified by Table 7.1)
	e < 0.03
	Use blended cement with a minimum of 25% fly ash or 50% ground granulated blast furnace slag (2) in production concrete

	
	e > 0.03
	Use blended cement with a minimum of 30% fly ash or 60% ground granulated blast furnace slag (3) in production concrete and limit total alkali level of concrete in accordance with Clause 3.3 of SA HB 79

	0.50 ≤ E < 0.80
(Reactive when classified by Table 7.1)
	e < 0.06
	

	
	[bookmark: _Hlk90474993]e ≥ 0.06
	Do not use the aggregate


Notes:
1. Ternary blended cement with a minimum of 15% fly ash and a minimum of 25% ground granulated blast furnace slag is permitted. Alternatively, 15% fly ash and 5% well-dispersed amorphous silica may be used.
Ternary blended cement with a minimum of 20% fly ash and a minimum of 30% ground granulated blast furnace slag is permitted. Alternatively, 20% fly ash and 5% well-dispersed amorphous silica may be used.
Ternary blended cement with a minimum of 20 % fly ash and a minimum of 35% ground granulated blast furnace slag is permitted.
[bookmark: _Ref90901078][bookmark: _Ref90901088][bookmark: _Ref90901172][bookmark: _Ref90901189][bookmark: _Ref90901210][bookmark: _Ref90901261][bookmark: _Ref90901271][bookmark: _Toc124413918]Control of AAR Using the “Performance-Based” Approach
If the Applicant elects to use the “Performance Based” approach, further testing using blended cements (i.e. GP cement blended with the proposed dosage of selected SCMs) must be carried out. Each of the test methods and durations described in Table 10.1 must be used to assess the effectiveness of the proposed mitigation to control AAR. In addition, a CPT using GP cement only must be carried out.
The Performance Based approach is not to be used for a “Critical Application”.
The result of each test is deemed to be the average of a minimum 5 test specimens
(i.e. 5 replicates) performed at the same laboratory. The variability in results amongst the test specimens must be considered in accordance with Clause 2.8 of SA HB-79.
[bookmark: _Ref124512281]Table 10.1:	“Performance-Based” Approach for Control of Potential AAR
	Testing Methodology
	Acceptance Limits (3)

	AS 1141.60.1 (1)
	Expansion < 0.1% at 21 days

	AS 1141.60.2 (2)
	Expansion < 0.03% at two years


Notes:
1. The test must be in accordance with AS 1141.60.1, except that blended cements containing the proposed SCM dosages are used in the sample mix.
The test must be in accordance with AS 1141.60.2, except that blended cements containing the proposed SCM dosages are used in the sample mix and measurement must continue for two years.
If the CPT result E is ≥ 0.06 when using GP cement only, the aggregate must not be used in a “Critical Application”, even if it meets the requirements of Table 10.1.
The Applicant must establish and maintain a register of mix details, including complete details of the aggregates, cementitious materials and test results, which must be included in the application.
[bookmark: _Ref90901242][bookmark: _Ref90901243][bookmark: _Hlk90540000][bookmark: _Toc124413919]Management of AAR at Quarries
The quarry must establish and maintain a Quality Plan that includes regular testing for AAR and reporting in accordance with this Code of Practice.
For each rock type, testing using the AMBT (and CPT if necessary) in accordance with this Code of Practice must be carried out at intervals not exceeding one year.
During production, the petrology of the material being quarried must be regularly monitored and tested at intervals not exceeding one year. If the petrology of the material changes to the extent that the reactivity may be affected, new testing on that material must be carried out. If the testing indicates that the classification of the aggregate has changed due to a change in expansion, a new application for approval of that material must be submitted. 
[bookmark: _Hlk536167376][bookmark: _Hlk536112941][bookmark: _Toc9598757][bookmark: _Ref90900979][bookmark: _Toc124413920]Application Details
The application for approval of the aggregate must include the following:
1. Description of the aggregate source;
Petrographic Examination Reports in accordance with ASTM C295;
Accelerated Mortar Bar Test Reports in accordance with AS 1141.60.1;
Unless the aggregate is Non-Reactive, Concrete Prism Test Reports in accordance with AS 1141.60.2 and with Clause 9 or Clause 10 (as applicable);
Quality Plan for the management of AAR in accordance with Clause 11; 
Evidence that the potential for AAR has been regularly monitored in accordance with the Quality Plan for a period of not less than 5 years (or the life of the quarry if it is newly established); and
historical performance data on the use of the aggregates, including mix constituents (including cement type and cement content), cement alkali level, compressive strength test results.
[bookmark: _Hlk90541172]If the Performance based approach described in Clause 10 is used, the reports must include full details of the source and proportions of cementitious materials. Any proposed change to the cementitious materials will require the submission of a new application.
To maintain approval of the aggregate, a new application must be submitted to [insert agency name] at periods not exceeding 12 months.
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