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Abstract

Robust and efficient discretization methods for coupled poromechanical problems are critical to ad-
dress a wide range of problems related to civil infrastructure, energy resources, and environmental
sustainability. In this work, we propose a new finite element formulation for coupled porome-
chanical problems that ensures local (element-wise) mass conservation. The proposed formulation
draws on the so-called enriched Galerkin method, which augments piecewise constant functions
to the classical continuous Galerkin finite element method. These additional degrees of freedom
allow us to obtain a locally conservative and nonconforming solution for the pore pressure field.
The enriched and continuous Galerkin formulations are compared in several numerical examples
ranging from a benchmark consolidation problem to a complex problem that involves plastic defor-
mation due to unsaturated flow in a heterogeneous porous medium. The results of these examples
show not only that the proposed method provides local mass conservation, but also that local mass
conservation can be crucial to accurate simulation of deformation processes in fluid-infiltrated
porous materials.
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1. Introduction

In porous materials such as soils and rocks, flow of the pore fluid can give rise to significant
deformation of the solid matrix, and vice versa. These poromechanical interactions are central
to many important problems that relate to civil engineering [1-6], energy resources [7-10], and
environmental sustainability [11-18]. Mathematically, a poromechanical problem is described by
a coupled system of two partial differential equations: (1) the linear momentum balance equation
which governs the solid deformation, and (2) the mass balance equation which governs the fluid
flow. Numerical methods for this coupled system is the focus of the present paper.

The continuous Galerkin (CG) finite element method is one of the most widely used methods
to numerically solve a coupled poromechanical formulation (e.g., [19-38]). The use of the CG
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