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In the framework of research into radioactive waste disposal, it was decided to investigate some aspects of the
volume change behaviour of the Callovo-Oxfordian argillite, a possible host rock in which the ANDRA
underground laboratory of Bure (East of France) has been excavated. To do so, high pressure oedometers able
to apply a maximum load of 113 MPa were used. Oedometers are widely used in Soil mechanics but not so much
in Rock mechanics. In spite of applying combined stress/strain conditions (controlled vertical stress with no
radial strain allowed) in which the radial stress is not controlled, their advantage is to be simple and robust to
use (easy long term stress control and strain measurements). They provide a simple way to investigate the elasto-
plastic behaviour of soils, particularly regarding the elastic modulus, yield point and plastic compressibility.

A high pressure oedometer developed at UR Navier/CERMES was used. The apparatus is a double lever
arm device able to apply a maximum axial stress of 113 MPa on a specimen contained in a rigid ring of
diameter 38 mm. The sample is 10 mm high. Vertical strains are monitored by using an electronic strain
transducer connected to a data acquisition system. Previous calibration of the system was carried out by
running a test with no sample in the ring so as to account for the effects of the compression of the top and
bottom porous disks, of cell and of the piston. A reversible response of the system was observed after
applying various loading cycles between 0 and 113 MPa.

The specimen was trimmed by using a diamond corer of corresponding diameter and placed inside the
oedometer ring. The top and bottom faces of the sample were polished by using sand paper so as to get
two flat, regular and parallel faces. The ring was placed into the oedometer cell with dry porous stones and
specimen was loaded under 1 MPa to ensure good contact with the porous stones and the piston. To avoid
any swelling and damaging of the sample during hydration (Valès 2008), saturation was conducted by
flushing the bottom porous disk and by infiltrating water with no volume change allowed. To do so, loads
were manually applied to compensate any swelling observed during hydration.

Two types of tests were performed. Firstly, a step loading test in which the load was doubled at each step
was carried out up to the maximum vertical stress, followed by an unloading sequence conducted in the
same fashion. Each loading step lasted up to 2-3 days so as to reach vertical strain stabilization. The strain/
time curves under constant load were monitored at each step. The total test duration test was between 2 and
3 months. In a second type of test, various unloading-loading sequences were performed along the same
loading path up to 113 MPa.

Various conclusions could be drawn from these tests:

– The loading sequence with no swelling allowed was conducted up to a vertical stress of 3.54 MPa;
Compression started at stresses higher than this value.

– The presentation of the volume changes with respect to a linear scale of vertical stress appeared to
provide a better estimation of the yield point compared to the standard use of a logarithmic stress
scale. A value of 10 MPa compared to that of 28 MPa obtained in a standard diagram (comparable to
what was found by Hicher and Heitz 2002 with the standard technique) was obtained (see Figure 1).

– The unloading sequence of the first test evidenced a significant swelling behaviour with a final volume
close to the initial one. This trend, well known in swelling clays, shows the significant swelling
properties of the Callovo-Oxfordian argillite once compressed to high pressure.
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– Volume changes appeared to be not reversible at stress smaller than the yield stress (3 MPa) because of
significant swelling mobilised when unloading the sample even after loading at small stress.

– The successive loading-unloading cycles carried out in the second test showed that swelling behaviour
became more significant (with higher slope of the unloading curve) with increased applied vertical
stress in accordance with the results of Aversa et al. (1991).

These trends can be interpreted by considering that the compression of the argillite gives rise to local pore
breakages that give rise to discontinuities and damage that, in turn, mobilise a larger and larger amount of
the swelling minerals (smectites) contained in the argillite and located along the cracks. This conclusion
on the mobilisation of the smectite activity along discontinuities is in agreement with some conclusions of
Davy et al. (2007).
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Figure 1: Oedometer compression test, linear diagram.


