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Abstract

Deep geological disposal with multi-barriers confinement is considered as one of the most reliable solutions
for long-term management of radioactive wastes. Thermal-Hydro-Mechanical (THM) effects are likely to alter the
confining function of clay host rock during the construction and lifetime of repository [1]. Specifically, the heat
generated by the waste must not affect the favourable properties of the clay host rock for containment, especially its
transport properties. In the vicinity of the drift, the excess pore pressure generated by the thermal expansion of pore
water could induce fracture re-opening or propagation. In the far-field, the zone subjected to thermal loading from two
neighbor galleries could induce tensile or even shear failure and/or reactivate old fractures. The above processes could
potentially alter the permeability of host rock. The present work aims to reproduce the development of strain
localization bands induced by multi-physical couplings associated with thermal effects.

A 2D plane strain generic model is built from the benchmark exercise within the European joint programme
EURAD HITEC [2]. The geometry of this model is a cross-section of a heating drift and host rock. Only a quarter of
the full drift is modelled thanks to the symmetry of the problem and the boundary conditions. The full computation is
characterised by three phases: excavation (0 ~ 24 h), waiting (24 h ~ 6 months) and heating (6 months ~ 10 years),
conducted by adjusting boundary conditions of drift wall. The elasto-plastic mechanical law with hardening and
softening is used, and a local THM second gradient model including microstructure effects allows a robust modelling
of the post peak regime. The Callovo-Oxfordian claystone (COXx) is selected as a candidate host formation due to its
low permeability and good plasticity [3]. All the numerical modelling is performed with the finite element code
Lagamine developed at University of Liége.

During the tunnel excavation, the strain localisation was not triggered at the end with a radial stress reduction
to 5% of initial confining pressure. At the beginning of the waiting phase, Figure 1 shows that the initiation of shear
band is located at around 45°. Due to the progressive drainage (elastic unloading) during the waiting phase, the
development of shear bands gradually weakens. Once the heating phase is activated, the plasticity develops rapidly.
The THM couplings at the drift wall are evidenced by excess pore pressure, that induces distinct growth of shear bands.
Thermal effect has a leading role in the development of strain localisation, and the shear bands occur preferably along
with the minor principal stress direction.

Acknowledgements

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under
grant agreement No 847593.

References

[1] A. Dizier, G.J. Chen, J. Verstricht, et al.. The large-scale in situ PRACLAY heater test: First observations on the
in situ thermo-hydro-mechanical behaviour of Boom Clay, Int J Rock Mech Min, 137: 1365-1609, 2021.

[2] EURAD WP HITEC - Milestone report 49 — Selection of benchmark exercises for task 2.3.

[3] C.L. Zhang. Experimental evidence for self-sealing of fractures in claystone. Phys. Chem. Earth, 36: 1972-1980,
2011.


mailto:hangbiao.song@uliege.be
http://dict.youdao.com/w/specifically/#keyfrom=E2Ctranslation

Deviatoric

( T_otal ) Plasticity
strain deviatoric
increment strain
15 days 15 days 15 days
* 1.000E-04 e 1 000e-05
120 €98
108 €36
96 572
84 509
72 445
&0 381
12 318
P 254 ‘Q“\\‘-“\\“
12 63
0 0
Figure 1: Evolution of strain localisation at the start of waiting phase (14t day of waiting)
S RN, 58K Plasticit
Deviat Total SR NSNS NNG y
es‘?r:i(r)\nc devi(;te(‘)ric 55#"5#’55&“:&#“&‘&‘
_ . SRS
increment strain g#gg#gg@g&&@&&
198 days 198 days HHRRRRRRRR 198 days
R
+ 1,0008-03 * 1.0002-04 v,

24
0,
0055,
9.9
% ,:.’o
55

556
5558
SO

%
558
0’?'

),
s
%
S

L]
7

LT

G
L

et

L
0.'0

K555

(K5

116
106
95
85

179
163
147
130

%
%
%
0"'
%
bo%ey
000
<>
%

57
7
%
55

Loyt
l"‘

7
ol
1508
9%

o
oy
l'"

0
%e0s
S50
5
%%

o':
55
S OAL
KKK
XS

S5

Shetiede
SR it
"““\“‘:“8““:“‘
!

X
QREREX
X3

o
S
SRR

Figure 2: Evolution of strain localisation at the start of heating phase (18 day of heating)



