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The sulphate attack is one of the phenomena which may cause expansion and severe
microcracking in concrete. The durability analysis of concrete structures in contact to
external sulphate solutions requires the definition of a proper diffusion-reaction model, for
the computation of the varying sulphate concentration and of the consequent ettringite
formation, coupled to a chemo-mechanical model for the prediction of swelling and mate-
rial damage. In this paper we propose a chemo-elastic damage model aimed to simulate
the mechanical response of concrete subject to sulphate attack. In the framework of the
Biot’s theory [2], the material is represented as a two-phase medium: the solid skeleton
and the reaction products. The total stress σ is then given by the sum of the effective
stress σ′ acting on the solid skeleton and the pressure p exerted by the expansive products

σ = σ′ − bp1 (1)

The mechanical response of concrete skeleton is described by an elastic model with
isotropic damage D relating the effective stress to the total strain ε . The internal pres-
sure is linked via the Biot’s modulus M and the Biot’s coefficient b to the total volumetric
deformation εV and to the volumetric expansion of the reaction products ζ

σ′ = (1 −D)d : ε; p = (1 −D)[−bMεV +Mζ] (2)

The time evolution of the internal expansion ζ is computed through the diffusion-reaction
model proposed in [4]. As in [3], the activation of the damage in concrete depends on
the macroscopic stress tensor and on the pressure through an ”inelastic effective stress”
defined as σ′′ = σ+ βp1 with β ≤ b. The damage activation function fD depends on the
first invariant of the inelastic effective stress tensor I1 and on the second invariant of the
inelastic effective deviatoric stress tensor J2

fD(σ′′) = J2 − a · I21 + bI1h(D) − kh(D)2 ≤ 0; h(D) = (1 −Dc)0.75 (3)

where h(D) is the softening function and a, b, k, c are non-negative parameters to be
calibrated through experimental data. The preliminary validation of the model was done
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simulating the experimental tests presented in [1]. Those tests were performed on mortar
prism in which 3.1% of Na2SO4 was added to the mixture water. The specimens where
cured at high temperature to allow for DEF; then some of them were placed in restraint
devices in order to compare the expansion under stress-free and loaded conditions. In
this case an internal sulphate attack occurs and there is no need to perform a diffusion
analysis to compute the distribution of the sulphate concentration. Assuming a first order
reaction, the evolution of ζ is described by a sigmoidal function which can be calibrated
using the expansion curves under stress-free conditions. The comparison between the
experimental curves and numerical simulations is shown in figure 1 (blue: free expansion,
red: restrain bars � = 2mm, black: restrain bars � = 5mm). A good agreement is
observed.

The model is currently being applied to structural problems of external sulfate attack
where the mechanical response is function of the local concentration of ionic species.

Figure 1: Longitudinal and radial deformation in stress-free and restrained conditions
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