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A mixed finite element procedure for plane elasticity is int. .Juced and analyzed. The symmetry of
the stress tensor is enforced through the introduction of a Lagrange multiplier. An additional
Lagrange multiplier is introduced to simplify the linear algebraic system. Applications are made
to incompressible elastic problems and to plasticity problems.
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1. Introduction

In this paper we develop a new mixed finite element method for plane elasticity
problems. A mixed formulation of the elasticity problem characterizes the solution as
a saddle point of a Lagrangian functional involving both displacements and stresses,
in contrast to a displacement formulation in which the solution is characterized as a
minimum of a Lagrangian functional of the displacements alone. It is well known
that finite elements for discretization of a mixed formulation must be chosen carefully
if accurate results are to be achieved, and an objection to such methods is that
acceptable elements often involve many degrees of freedom. A second objection is
that mixed methods often lead to the solution of indefinite linear algebraic systems,
while displacement methods generally require the solution of a positive definite
system. Nonetheless, there are important practical problems for which a mixed
method appears preferable. One such is the modelling of nearly incompressible or
incompressible materials, for which standard displacement methods furnish no-
toriously inaccurate results. A second is the modelling of plastic materials. Generally,
the elimination of the stresses from the equilibrium and constitutive equations of a
material exhibiting plastic behaviour is difficult; consequently, only a mixed for-
mulation is feasible.

Our goal here is to develop a mixed finite element for plane elasticity that
involves a relatively small number of degrees of freedom, is stable and accurate in a
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