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Introduction

For certain time period the host rock of the geological
repository for high level radioactive waste will be under
elevated temperature conditions. Therefore, predictions of

disposal system evolution In time requires deep
knowledge of material properties and its behaviour under
different temperature and mechanical conditions.

Description of the research problem

As a part of research activities within European joint
programme EURAD work package HITEC, LElI modelled
laboratory experiments which had been performed by
Universite de Lorraine (France). These triaxial tests of
Callovo-Oxfordian (COx) rock were carried out at different
temperatures (20°C, 40°C, 60°C and 80°C) and at
different confining pressures (0 MPa, 4 MPa and 12 MPa).
In the experiments, the samples were loaded mechanically
In two directions: when the direction of the applied load is
parallel to the bedding direction and when it Is
perpendicular to the bedding direction in the sample [1].

Methodology

The purpose of modelling laboratory experiments was to
derive the values of the numerical model parameters such
as initial yield stress (0,,), hardening modulus (h) used in
developed elastoplastic model based on Drucker-Prager
soll plasticity model. Temperature dependency of these
parameters was analysed too (Fig. 1).
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Fig. 1. Fitted initial yield stress (0,,) and hardening modulus (h) against
temperature

Yield function definition:

Fy — \E + aDpll — (1 — W(Epm)) O-y(Ep) < 0
l,, J, - stress tensor invariants, app, k - Drucker-Prager
model parameters related to friction angle and cohesion,

a,(€,) — yield stress, w(€,,,) — damage variable.
Material softening representation:

w(&m) = ap[1 — exp(—B&m)]

Hardening controlled via hardening parameter h:
oy (€p) = (00 + hep), h > 0
Here €,,, — equivalent plastic strain, a,, - material

parameters. The material parameter § controls the shape
of the softening curve, and «, controls the maximum

degradation of the yield stress. The value of a,, typically
ranges from 0.96 to 1.0.

For modelling of COx mechanical behaviour numerical 2D
axisymmetric models In COMSOL Multiphysics were

developed. WCOMSO!

Results

Using fitted parameters, the COx specimen was modelled
and compared to experimental stress-strain curves obtained
with O, 4 and 12 MPa confining pressure in the maximum
load direction perpendicular to the bedding. Comparison of
experimental and modelling results for 12 MPa confining
pressure at different temperatures is provided in Fig. 2.
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Fig. 2. Comparison of experimental and modelled stress vs axial strain for
12 MPa confining pressure at different temperatures
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temperature (Fig. 3).
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Fig. 3. Comparison of experimental (PCO, PC4,
PC12) and modeled peak stress data (PCO_M,
_ PC4 M, PC12 M)
Conclusions

Based on the modelling results, a set of parameters for
elastoplastic model (o,,, h, ) was compiled for modelling of
thermo-hydro-mechanical response of COx material In-situ
experiment ALC1605.
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