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ABSTRACT

Complementarity problems are involved in mathematical models of several applications in engineer-
ing, economy and different branches of physics, [3]. In solid mechanics, complementarity conditions
are always present in contact problems. Limit Analysis and Plasticity models can also include a com-
plementarity condition, [10]. Several publications dealing with complementarity problems have been
presented, see [1, 2, 5].

In this paper we present a new feasible direction algorithm for mixed nonlinear complementarity prob-
lems. Two formulations for elastic analysis with contact based on this algorithm are also presented. One
of them employs the Finite Elements Method and, the other one, the Boundary Elements Methods. We
describe the numerical results with several examples.

Let be the mixed nonlinear complementarity problem, MNCP:
Find (z,y) € IR™ x IR™ such that
ze F(x,y) )
x>0, F(r,y) >0 and =0, (D
(@) < Q(z,y)
where F'(z,y) : R" x R™ — IR"™ and Q(z,y) : R" x IR™ — IR™ are smooth functions.

The present algorithm begins at an interior point, strictly verifying the inequality conditions, and gen-
erates a sequence of interior points that converges to a solution of the problem. At each iteration, a
feasible direction is obtained and a line search performed, looking for a new interior point with a lower
value of an appropriate potential function.



Following similar ideas as in [4], the iterative procedure is based on Newton algorithm to solve the
equations in the MNCP. This one is modified in such a way that all the iterates satisfy the inequalities in
the problem. Then, at the limit points the equations as well as the inequations are satisfied. Strong the-
oretical results were obtained, proving global convergence, as well as superlinear rate of convergence.

The analysis of contact problems has been considered by several authors, see [6-9]. Here, we present
two approaches for the contact problem in linear elasticity (Signorini’s problem).The first one is based
on the variational formulation of Signorini’s problem and uses the FEM to discretize the continuous
problem. The discrete form is a finite dimensional optimization problem with linear constraints where
the Karush-Kunh-Tucher optimality conditions can be formulated as a complementarity problem. The
second one is based on a boundary integral formulation of Signorini’s problem and employs the Bound-
ary Element Method to discretize the boundary equations. The boundary conditions, when applied to
the BEM equations, lead to a finite dimensional mixed complementarity problem. In both cases, the
complementarity problem was solved with the present algorithm.

Several test problems were solved with the Finite Element Method and the Boundary Element Method
and the results compared with those obtained with commercial codes. All problems were solved very
efficiently and the results obtained with a very high precision. The present approach also proved to be
very robust, since all the results were obtained with the same set of parameters.

The algorithm studied here is also very simple and it seems suitable to be employed to solve more
sophisticated models involving contact. We mention contact with friction, nonelastic materials and dy-
namic problems.
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