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ABSTRACT

We are interested in the modelling of thermo-hydro-mechanical (THM) problems, which describe the
behaviour of a soil, represented as a porous medium in which a weakly compressible fluid evolves,
subjected  to  various  mechanical,  thermal  and  hydraulic  stresses  [1].  This  model  is  used  for  the
evaluation  of  THM  impact  of  high  level  activity  radioactive  waste  exothermicity  within  a  deep
geological disposal facility build in a clay-based host rock. To avoid problems of loss of uniqueness
and,  more  importantly,  localizations  which  are  often  encountered  in  soil  computation,  we  shall
consider  non-locally  regularized  equations  based  on  a  second gradient  theory  [2].  A  new primal
unknown, modelling the trace of the displacement gradient, is introduced. The parallel and scalable
solution of the linearized equation systems is the objective of this work.

Academic work has  been carried out  on models  involving solid  mechanics  and hydraulics  [3]  or
involving THM but with no concern on linear solvers [4]. In this paper, we shall present the definition
of a block preconditioner for the fully coupled THM equations with second gradient regularization
based  on  parameter-robust  preconditioners  [5].  It  is  a  block-Gauss-Seidel  approach,  a  multigrid
method for the displacement, temperature and micro volume changes blocks and a weighted mass
matrix for the pressure and Lagrange multipliers blocks. The method is implemented in firedrake [6].
Numerical  results  reflect  the  good  performance  of  the  proposed  preconditioner  that  shows  to  be
independent of h .

REFERENCES

[1] Coussy, O., Poromechanics, John Wiley & Sons, 2004.
[2] R.  Fernandes,  C.  Chavant,  R.  Chambon,  A  simplified  second  gradient  model  for  dilatant

materials: Theory and numerical implementation, Int. J. of Solids and Structures, Volume 45,
Issue 20, 5289-5307, 2008

[3] J.  A.  White,  N.  Castelletto,  H.  A.  Tchelepi,  Block-partitioned  solvers  for  coupled
poromechanics:  A  unified  framework,   Computer  Methods  in  Applied  Mechanics  and
Engineering, Volume 303, Pages 55-74, 2016.

[4] M. Cacace, A. B. Jacquey,  Flexible parallel implicit modelling of coupled thermal–hydraulic–
mechanical processes in fractured rocks, Solid Earth, 8, 921–941, 2017

[5] Lee, J., Mardal, K., & Winther, R. (2017). Parameter-Robust Discretization and Preconditioning
of Biot's Consolidation Model. SIAM J. Sci. Comput., 39.

[6] L. Mitchell, et al. Firedrake: automating the finite element method by composing abstractions,
2016.

mailto:ana-clara.ordonez-egas@edf.fr
mailto:nicolas.tardieu@edf.fr
mailto:nicolas.tardieu@edf.fr

	Key Words: Preconditioning, Multiphysics, Biot’s Problem, Finite Elements, HPC.
	ABSTRACT

