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ABSTRACT 

In recent decades, many structures worldwide have suffered damage due to alkali-

silica reaction (ASR). This reaction is one of the most recognised chemical reactions 

leading to the deterioration of concrete. ASR is largely an alkali-activated process that 

causes the concrete to expand with time. To minimise the risk of expansion, a large 

focus has been placed on reducing the alkali content in the concrete when non-

reactive aggregates are not available to use as part of the mix design. Restricting the 

alkali content can be achieved by: (i) imposing a generalised alkali limit of 0.6% Na2Oe 

in cement and limiting the total alkali content in concrete to 2.5-2.8 kg/m3 Na2Oe; and 

(ii) adding supplementary cementitious materials (SCMs) for partial replacement of 

the cement to limit and bind the amount of alkali available.  While these practices have 

shown desired outcomes in the past, recent challenges surround the implementation 

of these practices, such as a shortage of SCM supply in the foreseeable future and the 

economic cost associated with using such solutions. 

In addition, owed to the several limitations identified, the validity of classifying the 

reactivity status of aggregates against current short-term laboratory test methods 

employed for assessing ASR is under conjecture by researchers. This has left the 

concrete and cement industry with the inconvenient option of performing long-term 

tests extending up to 24 months to obtain a reliable prediction of an aggregate’s 

reactivity. As a consequence, a delay in decision-making leading to a decrease in 

productivity is likely. 

For these reasons, this study has been undertaken to explore sustainable and novel 

techniques for mitigating ASR that also encourage the conservation of natural 
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resources. Aggregates of different mineralogical compositions and reactivity 

potentials sourced from Australia and New Zealand were studied using a suite of test 

methods comprised of petrography, chemical tests, expansion tests, and analytical 

techniques.  

The effect of varying alkali content on the expansion behaviour of selected aggregates 

was investigated via accelerated mortar bar test (AMBT), concrete prism test (CPT), 

and accelerated concrete prism test (ACPT) to establish specific alkali limits 

respective to the mineralogical composition and reactivity classification of the 

aggregate. Subsequently, the potential of using ground reactive aggregate fines 

(GRAFs) as alternative additives for mitigating ASR was evaluated. Pastes, mortar, 

and concrete specimens containing varying cement replacement levels of GRAFs were 

studied and compared against control and fly specimens using expansion tests, 

thermogravimetric analysis (TGA), and microwave plasma atomic emission 

spectroscopy (MP-AES) analysis carried out on extracted pore solutions. The effect of 

GRAFs on some mechanical properties of concrete was also measured. Furthermore, 

the correlation between the various test methods was investigated via a statistical 

approach involving the use of Person’s correlation coefficient method and a modified 

factorial analysis approach to assess the validity of the different test methods and to 

determine the effects and interactions of ASR factors on expansion. 

The results showed that a generalised alkali limit imposed on all aggregate types may 

not be necessary.  It is further illustrated that the current alkali limits could be relaxed 

to accommodate the use of cement containing slightly higher alkali content with 

aggregates that are compatible, or revised from the current 2.5 to 2.8 kg/m3 Na2Oe set 

in concrete.  The efficacy of GRAFs in mitigating ASR as potential SCMs was 
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established as pozzolanicity was identified from the GRAFs investigated. Although the 

mechanical properties of concretes containing GRAFs were found to be lower than 

control concrete strength after 28 days, the GRAFs satisfied the ASTM C618 strength 

requirement for natural pozzolans revealing pozzolanicity for the coarser particle-

sized GRAFs compared to fly ash and cement particle fineness. The findings also 

showed consistency in the reactivity prediction by the different methods. A positive 

correlation was found between CPT, chemical tests, and AMBT. Moreover, a 

correlation coefficient of r= 0.9 was found between 12 months CPT and three months 

ACPT, indicating that ACPT could be used as a reliable short-term test method for 

early predictions of the reactivity potential of aggregates.  
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