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Crack Propagation in Porous Media
F. Kraaijeveld, J.M. Huyghe, J.J.C. Remmers, F.P.T. Baaijens

Eindhoven University of Technology, Department of Biomedical Engineering

Introduction
Treatment costs for low back pain are in the same order as
coronary heart disease. A cause for low back pain is Interver-
tebral Disc (IVD) Herniation (Fig. 1). During degeneration the
overall osmotic pre-stress in the IVD decreases, while chance
of an injury increases. We hypothesize that decreasing os-
motic pre-stress results in existing cracks to open and grow
causing visible herniation. [4]

Fig. 1 a) Schematic of IVD position. b) A herniated IVD.

Objective
The goal is to develop a numerical method to test the hypoth-
esis. In this study the goal is to verify the method and verify
crack growth.

Method
Partition of Unity (PU-FEM) [3] is used on Lanir’s theory [2] for
osmotically swelling media. The basis functions of FEM are
extended with discontinuous basis functions, resulting in ad-
ditional DOFs for pressure and displacement, not nodes. This
is mathematically represented by Eq. (1) and (2). Opening of
a crack is therefore represented by a displacement jump [~u]
(see Fig. 2).

~u = ~ucont +HΓd
[~u] (1)

HΓd
=

{
1 if ~x ∈ Ω+

0 if ~x /∈ Ω+ (2)

Fig. 2 1D representation of PU-FEM for displacement.

Verification
The method is compared to the analytical solution for a dis-
location [~u]x = d for |x| < 1 (see Fig. 3) to verify imple-
mentation. [1] A first insight in crack propagation is gained
by considering a peel test.
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Fig. 3 Dislocation caused by shearing of crack surfaces by
[~u]x = d for crack surface |x| < 1.

Results & Conclusions
The calculated shear stress as result of a dislocation, Fig. 4a,
indicates a localized field with maxima at the tips. The an-
alytical and numerical results compare very well except for
near the tips (x = 1 in Fig. 4b.). This can be improved by
refinement of the mesh.
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Fig. 4 Calculated shear stress after one time step. a) Overall
result for constant permeability K b) Comparison with ana-
lytical solution.

Peeling of a fully saturated porous media results in high
stress at the tip and a secondary zone, see Fig. 5. Crack
growth takes place.

Fig. 5 Peeltest result in localization at the crack-tip.

Current model can capture the displacement jump (opening)
and growth, see Fig. 6. To capture the fluid flow well, a other
discontinuous function might work better.
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Fig. 6 Normal displacement jump in time at different places
in the crack. s < 0 indicates initial crack with s = 0 crack-tip
location. s > 0 indicates growth.

Future work
Comparison by analytical solution will be continued. Other
discontinuous functions for the pressure will be considered.
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