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Abstract

Alkali-silica reaction (ASR) is one of the most harmful distress mechanisms affecting
concrete infrastructure worldwide. ASR is a chemical reaction that generates a secondary
product, which induces expansive pressure within the reacting aggregate particles and
adjacent cement paste upon moisture uptake. This in turn leads to cracking, loss of
material integrity, and consequently compromises serviceability and capacity of the
structure. In Australia, several concrete structures of various types such as dams, bridges
and railway sleepers have been identified as affected by the reaction to varying extents.
To date, the majority of experts agree that new concrete structures can be constructed in
such a way to avoid ASR-induced effects by using either non-reactive aggregates
classified by national and international standards, or supplementary cementitious
materials to mitigate the reaction. However, there is currently a lack of a comprehensive
plan for diagnosis and prognosis of existing concrete structures affected by ASR. This is
despite its importance in providing efficient rehabilitation methods and management

strategies for the infrastructure.

When investigating existing structures affected by ASR, two crucial questions need to be
answered prior to specifying management strategies, i.e., (1) the current state of damage
and its effects on structural capacity and serviceability; and (ii) the prediction of damage
progress and its impact on the structure in the coming months or years. In this regard, two
main effects of the deleterious ASR - expansion and mechanical properties degradation
of the concrete - need to be evaluated prior to assessing the condition and capacity of the
affected structures suffering from ASR. This study aimed to provide different modelling
approaches for evaluating the degradation of mechanical properties, expansion of
concrete in the field, and eventually assessing the structural behaviour of ASR affected

structural members and structures.

First, a critical review on mechanical properties of concrete suffering from ASR is
provided. Due to significant reduction in modulus of elasticity and its wide variation, two
different models were implemented to provide better understanding and evaluations of

the reduction in the modulus of elasticity. An artificial neural network (ANN) model was
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proposed to investigate impacts of different factors (i.e., reactive aggregates, alkali
content, design strength in addition to the expansion) to the modulus of elasticity and
subsequently to provide a better estimation of the reduction. In another approach, a
computational homogenization model was developed to model the impact of ASR-
induced cracking in concrete on its stiffness. The proposed model was able to quantify

the impact of ASR-induced internal cracking on the reduction of concrete stiffness.

Second, a novel semi-empirical model was proposed for forecasting expansion of
unrestrained concrete in the field based on results of laboratory testing such as from the
concrete prism test (CPT). The model accounted for effects of the reactive aggregate type
and nature, alkali leaching, alkali contribution from aggregates and environmental
conditions (i.e. temperature, relative humidity) on the ASR expansion. The semi-
empirical model is capable of accounting for the effects of environmental conditions in
the field for forecasting ASR-induced expansion of concrete field blocks. This is shown
by excellent model outcomes for concrete blocks from three outdoor sites in Canada and

the USA, which were made by different reactive aggregates and alkali contents.

Finally, as a continuation of the semi-empirical model, a finite element (FE) model was
developed for modelling expansion and load-carrying capacity of reinforced concrete
members. Two well-known empirical models to account for stress-dependency of the
ASR expansion were adopted to account for the effect of reinforcement restraints on the
ASR expansion development in reinforced concrete members. The model was
implemented in the commercial FEA package ABAQUS/Implicit using different
developed user subroutines, and the concrete damaged plasticity model. Impact of the
variation in residual mechanical properties on expansion advancement and load-carrying

capacity of reinforced concrete members was also investigated.

By providing different numerical investigations on the degradation of mechanical
properties, expansion of the field concrete and consequently the structural capacity, this
study provided a comprehensive approach for assessing condition and capacity of existing

reinforced concrete structures suffering from ASR.
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