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Abstract: C-04-462

Stabilized mixed finite element modeling of unsaturated flow
barrier and fractured porous media at finite strain

WaiChing Sun, Columbia University, wsun@columbia.edu

Many man-made and natural geological processes may lead to the inceptions and propagations of narrow
zones in which significant inelastic deformation concentrates. Examples include shear bands, compaction
bands, fractures and joints. Due to the size difference between the thickness of the localized zone and the rest
of the deformable body, these geological features can be approximated as a strong discontinuous displacement
field across interfaces. Depending on how microstructural attributes (e.g. porosity, tortuosity and pore size
distribution) evolve, these localized geological features may become flow barriers or conduits. These changes
in flow properties must be handled properly [1,2].

The objective of this study is to derive and implement computer models to capture these multi-physical
processes via mixed localization finite element. Our formulation features an equal-order mixed finite element
discretization in which an eight-node brick element is used to discretize both the displacement and pore
pressure of the porous media [3,4]. The projection-based stabilization procedure is established by introducing
an additional term in the weak form of the balance of mass equations that reads,

ab
R (wv,p)= Y [ (v-TIW)7(p-TI(p))dV (1)
KeQ
where v is the trial function of the pore pressure, p is the interpolated pore pressure and IT is a projection
operator that maps the original pore pressure field to an element-wise constant field.
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Figure 1. Temperature profile of material with thermal diffusivity in the bulk volume 3 orders lower than
those in the grain boundaries.

By introducing a projection-based stabilization technique, the model is capable of producing stable solution
with arbitrary time step size and drainage conditions. Meanwhile, the fully coupled diffusion-deformation
mechanism of the localized zone is captured by a multi-physical variational localization element that admits
displacement and pore pressure jumps. Inside the localization element, displacement and pore pressure are
expressed in a curvilinear coordinate system that reads,
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The gradient of the pore pressure and displacement are then described as functions of the pore pressure and
displacement jump along the norma/ direction the surface //p]] = p* - p’, [[u]] = u" - w and the co-variant
base vectors which reads,

ga=aX=aa+§ on ;g3=n=M§aa=aX—M§a=1’2 A
a&* a&* lla, xa, a&*

To demonstrate the robustness and versatility of the proposed models, we conducted a number of numerical
simulations. The first example is shown in Figure 1 in which the thermal conduction of a rigid porous media
with thermal conductivity at the fractured lines 3 orders higher than that of the bulk volume is simulated. This
example is introduced to study the coupled diffusion process of local features and host matrix that have
profoundly different conductivity. The second example is shown in Figure 2, in which the deformation-
induced seepage of a porous media is simulated, before and after the sliding event took place. Due to the
discontinuity in displacement, we formulate the hydro-mechanical coupled problem in finite deformation
regime.
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Figure 2. Simulated flow streamline across slip.
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