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ABSTRACT 
 

A multi-level model for the description of ion diffusion, moisture transport and ASR induced damage is 
presented. Concrete is modelled as a fully saturated deformable porous medium with interacting 
constituents such as the solid skeleton and ions in the pore fluid. Ion diffusion is assumed to be 
governed by the NERNST-PLANCK-POISSON system of equations [3], where the NERNST-PLANCK 

equation describes the diffusion of multiple ion species, and the POISSON equation describes the 
variation of the electric potential according to the spatial distribution of the electric charges. The 
influence of the topology of the pore space and the presence of oriented micro-cracks on ion diffusion 
is taken into account through a novel continuum micromechanics based homogenization model [2]. For 
modelling of fluid flow in unsaturated concrete, an extension of DARCY law, i.e. the RICHARDS equation 
[1], is used. The hydraulic property of moisture transport in concrete is assumed to satisfy the non-
linear VAN GENUCHTEN model [4].  Alkali-silica reaction occurs when diffusing ions in the pore fluid 
such as the alkalis and hydroxyl ions break the silanol and siloxane bonds in reactive aggregates in the 
solid skeleton, forming an alkali-silica gel. The gel expands and its volume is assumed to be a function 
of the amount of ions involved in the alkali-silica reaction process. Once the volume of the gel exceeds 
the available volume of the pore space, stresses and swelling occur, leading to micro-crack nucleation 
and micro-crack propagation in and around the aggregates, causing overall deterioration of the 
material. Damage, crack propagation and effects of induced topological changes on the fluid and ion 
transport are taken into account using a phase-field model [2] based on isogeometric analysis. 
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