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Excavation works for underground storage create a damage zone for the rock nearby and affect its
hydraulics properties. This degradation, already observed by laboratory tests (Escoffier 2002), can create
a leading path for fluids. The micro fracture phenomenon, which occur at a smaller scale and affect the
rock permeability, must be fully understood to minimize the transfer process.

Many methods can be used in order to take into account the microstructure of heterogeneous materials.
Among them a method has been developed recently. Instead of using a constitutive equation obtained by
phenomenological considerations or by some homogenization techniques, the representative elementary
volume (R.E.V.) is modelled as a structure and the links between a prescribed kinematics and the
corresponding dual forces are deduced numerically. This yields the so called Finite Element square
method (FE2). In a numerical point of view, a finite element model is used at the macroscopic level, and
for each Gauss point, computations on the microstructure gives the usual results of a constitutive law.
This numerical approach is now classical in order to properly model some materials such as composites
and the efficiency of such numerical homogenization process has been shown, and allows numerical
modelling of deformation processes associated with various micro-structural changes (Kouznetsova et al.,
2002).

The aim of this work is to describe trough such a method, damage of the rock with a two scale hydro-
mechanical model. The rock damage at the macroscopic scale is directly link with an analysis on the
microstructure.

At the macroscopic scale a two phase’s problem is studied. A solid skeleton is filled up by a filtrating fluid.
It is necessary to enforce two balance equation and two mass conservation equations. A classical way to
deal with such a problem is to work with the balance
equation of the whole mixture, and the mass fluid
conservation written in a weak form (Collin, Chambon
2006), the mass solid conservation is achieved following
the skeleton during the movement and finally the balance
equation of the fluid is achieved at the microstructure
scale. The non-linear problem is solved using a Newton-
Raphson iteration process, in order to compute the
resulting linearized system, all the needed quantities,
namely the stress of the mixture, the density, the fluid
mass flow, the fluid mass variation and linearization of
those, are resulting from the microstructure analysis.

At the microscopic scale, fluid and solid phase are
described explicitly. Granular geometry is used for the
R.E.V (see Figure 1). Grains are modelled using large
strain (hyper) elastic law, separated by micro-cracks filled
by fluid. The fracture process of these cracks, at the
interfaces between each grain, is modelled by a cohesive

Figure 1: R.E.V. granular geometry: grains
separated by cohesive interfaces filled by
fluid.
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law (Tveergaard 2003) (Ortiz, Pandolfi 1999). To perform the analysis on the microstructure, boundaries
conditions, resulting from the macroscopic level, are applied on the R.E.V.:

– Linear or periodic displacement are computed using a macroscopic gradient of deformation.

– Linear or periodic boundary pressures are computed using both a macroscopic gradient of pressure and
an average pressure.

This two-scale method gives us a numerical law to describe complex hydro-mechanic damage process at
the microstructure scale. Complex morphologies, like quartz inclusion in the argillite matrix, are
considered. The reciprocal influence damage-permeability is studied numerically.
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