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1. Introduction

Even though dependence between the ASR development and
the material microstructure evolution is of paramount
significance for predicting durability of the cementitious
materials, relatively little research has been devoted to this
aspect of the ASR. Yurtdas et al. [1] investigated evolution of
porosity and permeability of mortars prepared with reactive,
in terms of the ASR, and non-reactive aggregates. Slightly
higher values of these parameters were reported for the

reactive samples. Lindgård et al. [2] measured, i.e., porosity of
concrete samples. For the samples prepared without fly ash
and damaged by the ASR, they noticed increase of suction
porosity and only negligible changes of macro-porosity.
Multiple chemo-mechanical models of the ASR have been
formulated. Multon et al. [3] analysed diffusion in aggregates
and damage caused by the ASR. Threshold alkali content,
below which the reaction does not occur, was introduced. The
model was further developed in [4], where effects of the
specimen size, the aggregate size and the reactive silica
content on the strains were considered. Another approach has
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a b s t r a c t

The main subject of this paper is the investigation of the influence of the alkali-silica

reaction on the microstructure and the transport properties of the cement-based materials.

In the experimental research, mortar bars prepared with two different aggregates and stored

in conditions of various alkali content were examined. Influence of the reaction on the

microstructure of the material was investigated using mercury intrusion porosimetry, water

capillary suction test and water vapour adsorption test. Mathematical model of the alkali

diffusion and the reaction development is presented. It allows to take into consideration the

influence of alkali concentration and aggregate sizes on the reaction development. The

numerical code was developed using the finite element, finite difference and Newton-

Raphson methods. Good accordance of the results obtained using the proposed model with

the experimental data available in literature was obtained.
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Nomenclature

Ac, AL, Bc, BL, AG material parameters [–]
Aalk,gel alkali content in the gel [–]
calk concentration of alkalis [–]
calk,1 alkali concentration in the undisturbed sur-

rounding [–]
Cp

p specific heat of a phase or its component (p =
alk, g, l, s, w – alkalis, gas, liquid, skeleton, water)
[J/(kg K)]

Dp
D effective diffusivity tensor of a phase compo-

nent (p = ga, gw – dry air, water vapour) [m2/s]
Dalkali alkali diffusion coefficient [m2/s]
Dalkali,0 alkali diffusion coefficient for a fully saturated,

unreacted material at a reference temperature
[m2/s]

Dalkali,water alkali diffusion coefficient in bulk water [m2/s]
Ec activation energy of the characteristic time [J/

(mol)]
EL activation energy of the latency time [J/(mol)]
g gravity acceleration vector [m/s2]
DHASR enthalpy of the ASR per unit mass [J/kg]
DHvap enthalpy of vaporization per unit mass [J/kg]
JpD diffusive flux of a phase component in gas

phase or liquid phase (p = alk, ga, gw – alkalis,
dry air, water vapour) [kg/(m2 s)]

k intrinsic permeability tensor [m2]
krp relative permeability of a phase (p = g, l – gas,

liquid) [–]
m_alk;gel rate of mass due to binding of alkalis by the ASR

gel [kg/(m3 s)]
mgel,1 mass of the ASR gel for fully reacted material

[kg/(m3 s)]
m_gel rate of the gel mass formed during the ASR [kg/

(m3 s)]
m_p rate of mass due to evaporation [kg/(m3 s)]
MASR water combination coefficient [kg/m3]
Mp molar mass of a phase or its component (p = ga,

g, w – dry air, gas, water) [kg/mol]
n porosity (pore volume/total volume) [–]
n unit normal vector [–]
pc capillary pressure [Pa]
pg gas pressure [Pa]
pga dry air pressure [Pa]
pgw water vapour pressure [Pa]
qalk, qga, qgw, qw imposed fluxes of alkalis, dry air, vapour

and liquid water [kg/(m2 s)]
q? total heat flux in the domain [W/m2]
q?p heat flux in a phase (p = g, l, s – gas, liquid,

skeleton) [W/m2]
R universal gas constant [J/(mol K)]
Sp pore saturation with a phase (p = g, l – gas,

liquid) [–]
t time [s]
tr characteristic time of the reaction [s]
T absolute temperature [K]
Tref reference temperature for alkali diffusion coef-

ficient [K]
T0,G reference temperature [K]

T1 temperature in undisturbed surrounding [K]
ttot total stress tensor [Pa]
tp macroscopic partial stress tensor for a phase

(p = g, l, s) [Pa]
tef effective stress tensor [Pa]
t imposed traction [Pa]
u displacement vector [m]
up diffusive velocity component of a phase com-

ponent (p = alk, ga, gw – alkalis, dry air, water
vapour) [m/s]

vps relative velocity of a phase with respect to the
skeleton (p = g, l – gas, liquid) [m/s]

vp advective velocity of a phase or its component
(p = alk, s – alkalis, skeleton) [m/s]

Greek symbols

a Biot's constant [–]
ac enthalpy exchange coefficient [m/s]
aT temperature exponent factor [–]
bc water vapour exchange coefficient [m/s]
bs cubic thermal expansion coefficient of the solid

[1/K]
bsw total cubic thermal expansion coefficient [1/K]
bw cubic thermal expansion coefficient of water [1/K]
dASR material parameter determining influence of

the ASR on the area fraction in contact with
liquid phase [–]

dc alkali exchange coefficient [m/s]
GASR alkali-silica reaction extent [–]
d constrictivity [–]
e expansion [–]
eASR ASR expansion [–]
l saturation exponent [–]
mp dynamic viscosity of a phase (p = g, l – gas,

liquid) [Pa s]
hp volume fraction of a given phase or its compo-

nent (p = alk, g, ga, gw, l, s, w – alkalis, gas, dry
air, water vapour, liquid, skeleton, water) [–]

r averaged apparent density of the medium [kg/m3]
rp intrinsic phase averaged density of a phase or

its component (p = alk, g, ga, gw, l, s, w – alkalis,
gas, dry air, water vapour, liquid, skeleton, wa-
ter) [kg/m3]

rp phase averaged density of a phase or its compo-
nent (p = alk, g, ga, gw, l, s, w – alkalis, gas, dry air,
water vapour, liquid, skeleton, water) [kg/m3]

rgw1 water vapour density in undisturbed surround-
ing [kg/m3]

t tortuosity factor [–]
taging characteristic time of the gel aging process [s]
tc characteristic time of the ASR swelling [s]
tc0 characteristic time of the ASR swelling for a

fully saturated material and for the reference
temperature [s]

tL latency time of the ASR swelling [s]
tL0 latency time of the ASR swelling for a fully saturat-

ed material and for the reference temperature [s]
xef effective thermal conductivity [W/(m K)]
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