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SUMMARY

Stability and convergence analysis of Ainite element approximations of Biot's equations governing quasi-
static consolidation of saturated porous media are discussed. A family of decay functions, parametrized by
the number ol time sieps, 15 derived for the fully discrete backward Euler- Galerkin formulation, showing
that the pore-pressure oscillations, arising [rom an unstable approximation of the incompressibility con-
straint on the imitial condihion, decay in time. Error ¢stimates holding over the unbounded time domain {or
both semidiscrete and fully discrete formulations are presented, and a post-processing technique 1s employed
Lo improve the pore-pressure accuracy.

. INTRODUCTION

Variational principles and finite element approximations for Biot's guasi-static consolidation
theory ' * have been proposed by many investigators >~ '! from the view point of applications to
Geomechanics. To solve this problem, time-stepping integration schemes, whose stability and
accuracy are discussed in References 12-14, are usually employed, combined with finite clement
approximation in the space domain. Galerkin finite element approximations of Biot's equations
in terms of soil displacement and pore pressure have presented spurious oscillations in the
pressure field in the early stage of the consolidation process'*~!" for some combinations of
displacement and pore-pressure finite clement spaces, specially those with equal order of inter-
polation. To avoid this misbehaviour, different orders of interpolation, usually one order lower
jor pore pressure compared to displacements or reduced integration techniques,'® have been
adopted. This lack of stability close to the imitial-time results from an unstable approximation of
the initial condition. At ¢ = (), we shall solve an incompressible clasticity problem {same structure
of Stokes flow) in displacement and pore-pressure formulation whose finite element approxima-
tion must satisly the Babuska-Brezzi condition (see, e.g. References 18-21).

The analysis of the influence of error in the initial data over stable and unstable approxima-



