8th. World Congress on Computational Mechanics (WCCM8)
5th European Congress on Computational Methods in Applied Siences and Engineeering (ECCOMAS 2008)
June 30 —July 5, 2008

Venice, Italy

TWO-SCALE MODELS FOR FRACTURE IN FLUID-SATURATED
POROUS MEDIA

* René de Borst, Julien Réthoré® and Marie-Angele Abellar?

! Department of MechanicalLaMCoS, INSA Lyon, 3 LTDS, ENISE,
Engineering, TU EindhovenlJMR-CNRS 5514, UMR-CNRS 5513

P.O. Box 513, 5600 MRO, rue Albert Einsteinsg rue Jean Parot,
Eindhoven, Netherlands 69621 Villeurbanne, France42023 Saint-Etienne, France
R.d.Borst@tue.nl Julien.Rethore@insa-lyon.fabellan@enise.fr

Key Words: Multiscale Analysis, Multiphysics, Fracture, Cohesive Cracks, Porous Media.

ABSTRACT

The proper computation of fluid flow in deforming porous meidiarucial for predicting the physical
behaviour of many systems of interest, for example, in gdwtieal and petroleum engineering, but also
for soft tissues. Because of the complicated structure andtibning of human tissues, the classical
two-phase theory has been extended to three and four-phedia,neking into account ion transport
and electrical charges.

The presence of damage, such as cracks, faults, and shels, lsan markedly change the physical
behaviour. Furthermore, the fluid can transport contanténahich can dramatically reduce the strength
of the solid skeleton. To account for such phenomena, thebfflwiv must be studied also in the presence
of discontinuities in the solid phase. Indeed, the physfat® flow within such discontinuities can be
very different from that of the interstitial fluid in the defoing bulk material. These differences affect
the flow pattern and therefore also the deformations in ttieity of the discontinuity. As we will show,
the local differences in flow characteristics can even imiteethe flow and deformations in the entire
body of interest.

In this contribution, we will describe a general numericathodology to capture deformation and
flow in progressively fracturing porous media, summarising unifying the work recently reported in
[1-4]. The modelling allows for flow inside an evolving crackbe in the tangential direction. This is
achieved by a priori adopting a two-scale approach. At treedaale the flow in the cavity created by the
(possibly cohesive) crack can be modelled in various wags,as a Stokes flow in an open cavity, or
using a Darcy relation for a damaged porous material. Sheerpss-sectional dimension of the cavity
is small compared to its length, the flow equations can beagegr over the width of the cavity. The
resulting equations provide the momentum and mass cogplmthe standard equations for a porous
medium, which are assumed to hold on the macroscopic scale.

Numerically, the two-scale model which ensues, imposesgequirements on the interpolation of the
displacement and pressure fields near the discontinuity.di$placement field must be discontinuous
across the cavity. Furthermore, the micromechanics of dvelithin the cavity require that the flow



normal to the cavity is discontinuous, and in conformityhwitarcy’s relation which, at the macroscopic
scale, is assumed to hold for the surrounding porous medhemormal derivative of the fluid pressure
field must also be discontinuous from one face of the cavith¢oother. For arbitrary discretisations,
these requirements can be satisfied by exploiting the jparit-unity property of finite element shape
functions.

To provide a proper setting, we will first briefly recapit@dhe governing equations for a deforming
porous medium under quasi-static loading conditions. Treng as well as the weak formulations

will be considered, since the latter formulation is crud@l incorporating the micromechanical flow

model properly. This micromechanical flow model is discdssext, and it will be demonstrated how

the momentum and mass couplings of the micromechanical flogdeito the surrounding porous

medium can be accomplished in the weak formulation. Timegirdition and a consistent linearisation
of the resulting equations, which are nonlinear due to thglag terms and the cohesive crack model
complete the numerical model. Finally, example calculetiare given of a body with stationary and
propagating cracks.
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