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Coyne et Bellier (Tractebel Engineering) has been supplying geotechnical services to Andra since 1994
regarding the feasibility for developing a repository for radioactive waste in a 490m deep clayey formation
at the Meuse/Haute-Marne site. Armines/Mines-ParisTech (French engineering school) has been an Andra
scientific partner for several years due to its expertise in rock creep behaviour as well as in mining
technologies.

Throughout the different works carried out for Andra (especially the studies concerning the enlargement
of the underground research laboratory), the behaviour of the Callovo-Oxfordien clayey were computed.
These studies are used mainly for predicting the long-term behaviour of this layer.

Lemaitre’s rheological law (or modified Norton’s law) has been used for such purposes. This time-
dependent law is able to model the isotropic hardening of an elastic-viscoplastic solid by taking into
account a non linear viscosity (γ) which Coyne et Bellier has decided to represent by means of a cone-
shaped dashpot element (stiffness increases during creep, cf. Eric Boidy’s PhD).

This hypothesis, together with that standing for “long-term incompressibility” (viscoplastic deformation
occurs at constant volume), allows the law be expressed by means of the second invariants of the stress
(q) and strain (εvp) tensors. Figure 1 shows the rheological model when the long term behaviour takes place
beyond a stress threshold (σS).

Modelling works that use this law reproduce well convergence measurements as long as radial stresses
around the galleries are isotropic. When the stress field around the gallery is anisotropic, the classic
Lemaitre’s law no longer fits the convergence measurements. This is the case for the GMR gallery at
the main level of the laboratory: the horizontal stress is 1.3 times greater than the vertical stress whilst
the average vertical convergence is more than five times higher than the average horizontal one (mean
values for SMR 1.1, SUG 1150 and 1160); moreover, vertical convergence keeps increasing, see
Figure 2.

Figure 1: Lemaitre’s law rheological model.
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This behaviour could be explained by different phenomena:

• rock anisotropy (different Young’s modulus depending on orientation);

• clayey creep properties;

• stratum separation or expansion;

• …

Mines-ParisTech has tried to explain this difference in convergence using different rheological models. The
research has proved that the rock anisotropy itself can not explain the real dissymmetry. This has led to a
modification into Lemaitre’s law that takes into account the phenomena described above. The proposed
model is able to reproduce the convergence anisotropy observed in SMR 1.1, as shown in Figure 2.

The results obtained are good; nevertheless, the new model can only be successfully applied when the
stress field is anisotropic and so it can not yet be extrapolated to explain the global behaviour of the
Callovo-Oxfordian layer. Furthermore, creep tests made in the past years point to an isotropic long term
behaviour, regardless of orientation (however, samples were taken far from the section under study).

On the whole, the new model enlarges the possible reasons that could explain the anisotropy observed in
some galleries and proposes new clues for future research work. These clues aim for a better understanding
of the clayey layer, which will lead in turn to the optimisation of the digging and reinforcement techniques
in order to reduce the excavation damaged zone (EDZ) in the future underground infrastructures.
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Figure 2: Comparison between experimental results and numerical modelling.


