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A New Dissipative Time-Stepping Algorithm for Frictional 

Contact Problems: Formulation and Analysis. 

by 

F. ARMERO and E. PETOCZ 

Structural Engineering, Mechanics and Materials 
Department of Civil and Environmental Engineering 

University of California, Berkeley CA 94720 

Abstract 

This paper presents a new time-stepping algorithm for frictional contact problems that exhibits 
unconditional positive energy dissipation. More specifically, the proposed scheme preserves a
priori stability estimates of the continuum problem for both frictionless and frictional contact, 
leading to improved numerical stability properties in particular. For the normal contact compo
nent, the algorithm exhibits full energy conservation between released states, while the energy 
does not increase over its initial value due to the enforcement of the normal contact constraint 
during persistent contact. A penalty regularization is considered to this purpose. A new regu
larization of the stick conditions is considered for the frictional part. The new scheme is shown 
rigorously to exhibit positive energy dissipation like the continuum physical problem in this fric· 
tional case. Coulomb friction is assumed. Complete analyses of these considerations, as well as 
a detailed description of their finite element implementation, are included in the general finite 
deformation range. Representative numerical simulations are presented to assess the performance 
of the newly proposed methods. 

1. Introduction 

The numerical analysis and simulation of contact problems is probably one of the most 
difficult and demanding tasks in typical practical applications of computational solid me
chanics. The cause of this inherent difficulty can be traced to the unilaterally constrained 
character of the impenetrability constraint between solids. The introduction of frictional 
effects adds on these difficulties with the need to model non-smooth stick/slip conditions. 
As a consequence, the resulting problems are numerically stiff, highly non-smooth, and 
strongly nonlinear. Explicit integration schemes are popular nowadays to avoid some of 
these difficulties. Explicit methods, however, are known to be only conditionally stable 
in time. In fact, the stability restriction becomes a severe limitation in usual applications 
involving contact, due again to the very stiff nature of constrained problems. 




















































































