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Abstract: The paper describes model of the moisture transport in concrete material where the perme-
ability is influenced by the crack opening which is determined by the scalar isotropic damage model.
These models are used for the simluation fourpoint shear test coupled with moisture transport and
simulation of storage tank.

Extended abstract

The paper deals with the fully coupled heat and moisture transport in heterogeneous quasi-brittle ma-
terials such as concrete. Generally, the mechanical behaviour of concrete material is nonlinear and it is
different in tension and compression. Due to applied load, void nucleation and crack growing appear in
the original solid skeleton which lead to changes in porosity and reduction of Young's modulus. There
are two main approaches for the description of the crack growing - damage or fracture mechanics. In
this contribution, the damage mechanics [1] is used for the description of mechanical behaviour be-
cause we assume materials and structures in serviceability states rather than the limit state. Therefore,
the concept of smeared cracks is more suitable and it can be relatively easily connected with transport
processes. The scalar isotropic damage model was used in this paper due to its simplicity and because
the initial transport properties are assumed to be also isotropic.

The heat and moisture transfer is modelled by the Kunzel's model [2]. Two unknowns are intro-
duced in the model, relative humidity and temperature. The model divides overhygroscopic region
into two subranges - capillary water region and supersaturated region, where different conditions for
water and water vapor transport are considered. For the description of simultaneous water and water
vapor transport, the relative humidity is chosen as the only moisture potential for both hygroscopic
and overhygroscopic range. This model uses certain simplifications but nevertheless, the model de-
scribes all substantial phenomena and the predicted results comply well with experimentally obtained
data, which is the main advantage of the model. Also determination of the material properties can be
obtained quickly from the common laboratory tests. Contrary to that advantages, the model suffers
by numerical difficulties in the case the relative humidity approaches the fully saturated state. The
sorption isotherm is nearly vertical and its derivatives are extremely high.

It is usually assumed that the mechanical behaviour is influenced by the heat and moisture trans-
port (temperature and water content are used for determinantion of strains) while the description of
transport processes is usually not affected by the mechanical models. In the case of damage evolu-
tion, the damage growth increases the porosity which results in faster moisture transport and therefore
this phenomena should be taken into account. If the damage parameter is relatively small (smaller
than 0.1), the transport process is affected moderately and it can be described by explicit formula for
the permeability. If the damage parameter is close to one, material is severely damaged and transport
resembles convection described by the Hagen-Poiseuille law [3]. For the intermediate cases of the
damage state, the permeability can be obtained by interpolation. This numerical approach is tested on
examples of four-point shear test and numerical simulation of a storage tank that were computed by
SIFEL [4] with help of the above implemented models.
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The following figures Fig. 1 and Fig. 2 depict the distribution of damage parameter ω and volu-
metric moisture content w in the case of four-point shear test of concrete specimen saturated from the
bottom surface by water.

Fig. 1: Four-point-shear problem: distribution of the damage parameter ω.

As the evolved damage parameter (as seen in Fig 1) influences the permeability, distribution of the
volumetric moisture content differs from an undamaged state and a strip with higher moisture content
can be seen in Fig. 2.

Fig. 2: Four-point-shear problem: distribution of the volumetric moisture content w.
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