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Abstract

The principle of deep geological repositories for the disposal of radioactive waste relies among
others on the low permeability of the host rock. As the permeability is influenced by mechanical
damage of the material, the coupling between hydraulic and mechanical behaviour of the host
rock is of importance in the study of radioactive waste repositories. In this context an approach
is investigated for the modelling hydro-mechanical coupled behaviour of Callovo-Oxfordian
claystone, a potential host rock for repositories in France. The presented approach is a double-
scale finite element method (FEZ) using a representative elementary volume (REV) to model the
material behaviour at the micro-scale. The global response of this REV serves as a
homogenised numerical constitutive law for the macro-scale, to be used in the modelling of the
excavation damaged zone (EDZ) around the repository galleries.

The double-scale model

On the macro-scale, a poro-mechanical continuum is defined with fully coupled hydro-mechanical behaviour.
Boundary value problems (BVP) are solved using the finite element method, regularized using a local
second gradient model [1].

On the micro-scale, the microstructure of the material in the REV contains elastic deformable solids
separated by cohesive interfaces, thereby allowing material softening with deformation. Additionally, the
interfaces form a porous network allowing fluid transport prescribed by the variation in interface opening.
With fluid pressure acting on the solid parts, this gives a coupled hydro-mechanical system at the micro level.
The two scales are linked in the framework of computational homogenization [4,2]. This technique provides a
consistent scale transition, taking into account the homogenization of a granular microstructure to a
macroscale continuum (Figure 1).
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Figure 1: Outline of the double-scale model for hydro-mechanical coupling in the framework of
computational homogenization with a poro-mechanical continuum at the macroscale and a granular
microstructure with pore channels at the microscale [2].
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