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UMR CNRS 6623
Universit́e de Franche-Comté,
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ABSTRACT

The numerical approximation of frictional contact problems occurring in structural mechanics is gener-
ally achieved using the finite element method. In order to evaluate and to control the quality of a finite
element approximation, a current choice consists in developing adaptive procedures using a posteri-
ori error estimators. The aim of the estimators is to provide the user with globaland local quantities
which represent in the best way the true error committed by the finite element approximation. Actually
there exist various classes of error estimators, anyone showing its specificities and advantages. Some
currently used estimators are e.g., those based on the residual of the equilibrium equations, the esti-
mators linked to the smoothing of finite element stresses and the estimators based on the errors in the
constitutive relation, also called ”equilibrated fluxes”.

The frictionless unilateral contact problem (or the equivalent scalar valued Signorini problem) shows
a nonlinearity on the boundary corresponding to the non-penetration of the materials on the contact
area which leads to a variational inequality of the first kind. For this model theresidual based method
was first considered and studied in [1, 5, 17] using a penalized approach. More recently the analysis
without penalization term was achieved in [7], and in [8] for the corresponding mixed finite element
approximation. Besides the error in the constitutive relation is considered and analyzed in [3, 15, 16]
for the contact problem.

When considering friction in addition to the contact model, there are supplementary nonlinearities
which have to be taken into account. The currently used friction model is the one of Coulomb (although
there exist simplified and/or different models: Tresca’s friction, normal compliance, smoothed Coulomb
friction... see [10, 14]) whose associated partial differential equation shows numerous mathematical dif-
ficulties which remain unsolved. In our work we consider the so-called staticfriction problem which
roughly speaking corresponds to an incremental problem in the time discretized quasi-static model.
For this model, existence of solutions hold when the friction coefficient is smallenough, see [4] and
the references quoted therein. When the friction coefficient is large, neither existence nor nonexistence
result is available. Besides the solutions are generally non unique when thefriction coefficient is large
enough, see [6]. More recently a first uniqueness result has been obtained in [13] with the assumption
that a ”regular” solution exists and that the friction coefficient is sufficiently small.



Our purpose in this work is to carry out a residual a posteriori error analysis for the Coulomb friction
model and to obtain an error estimator with upper and lower bounds involving the discretization error
(besides, note that some numerical studies dealing with error in the constitutive relation already exist
for this model, see [2, 12]). To obtain the upper bound of the discretizationerror we consider the unique
solution obtained in [13]. The complete analysis can be found in [9, 11].
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