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Abstract

In this paper, a fully discrete weak Galerkin (WG) finite element
method is proposed to solve Biot’s consolidation problem, where weak-
ly defined gradient and divergence operators over discontinuous functions
are introduced. Pl-Pl (l ≥ 1) finite element combination is used for the
displacement and pressure approximations in the interior of the elements,
and Pl-Pl−1 combination for the corresponding trace approximations on
the interfaces of the finite element partition. The existence and uniqueness
of the discrete linear system at each time step is derived, and error esti-
mates for the approximation of displacement and pressure are obtained.
Numerical experiments confirm the theoretical results and show that the
proposed WG method is capable of overcoming pressure oscillations.

1 Introduction

Let Ω be a convex polyhedral domain in Rd(d = 2, 3) with boundary Γ =
ΓD
⋃

ΓN = ΓD̃
⋃

ΓÑ , where meas(ΓD) > 0 and meas(ΓD̃) > 0. For t ∈ (0, T ],
we consider Biot’s consolidation problem [5]

−∇ · (2µε(u) + λ∇ · uI) +∇p = f in Ω× (0, T ], (1.1)

∇ ·Dtu−
κ

ηf
∆p = g in Ω× (0, T ], (1.2)

with the boundary conditions

u = 0 on ΓD, (2µε(u) + λ∇ · uI− pI)n = β on ΓN , (1.3)

p = 0 on ΓD̃,
κ

ηf
∇p · n = γ on ΓÑ (1.4)

and the initial condition

∇ · u(0) = 0 in Ω. (1.5)
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