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1. Introduction

@ntad streses are forces ading between contading bodies or between the body and a
founddion. They are identified as nomal presaure and tangential tradion. A potential contad area
between two bodies can be divided into the following states: separation (non-contaa), sticking and
dipping. In the mog cases the contad stresses, the size of the contaad region, the distribution of
contad zones of dip and adhesion caanotbe predicted apriori.

There has been littl e progresstoward general modds for contad phenomena The reason for
this lies in the significant complexity of the phenomenon. Descriptions applied in classcd
mechanics are very simple and they do not indude present experimental fads. The pumpose of this
contribution is to review genera and simplified forms of conditutive laws of nomal tradion and
friction, and to review computationd methods used in cdculations of the nomal presaure and
friction [5]. They are described in the framework of continuummedanics, FEM and ohe methods

2. Thenormal traction

Mechanics congders two modds of mechanicd interadionsi.e. forces and andyticd relations
describing restrictions of deformations i.e. geometricd and kinematicad congraints. Unilateral
contad congraints are as follows: two contading bodies cannot penetrate ead other, cannotpull on
ead other and are either separated or pressd on eat other (so-cdled Signoiini conditiong. To
reduce the computational effort for contad pressure computation, in some problems, contad
stresses are formulated diredly from kinematicd condderations The contad conditions are
frequently modeled by nonlinea springs (and viscous dampers) which conned solids (e.g. Winkler-
type contad laws). Such modd may, however, correspondto severdly ill -conditioned system of
motion equaionssincevery siff springs mug then beused to Smulate no-slip and no€leaancegap
conditions Othe methods are following: stiffness approac, flexibility approad, nomal
compliance nomal damped respons, bond @ gap dements, interfaces materias, ec.

3. The tangential traction

The tangential componets of the contad tradion (shea tradion) are govened by friction
laws. Friction forces depend on motions of the bodies, and they are not known in advance For
vanishing sliding velodty (case of sticking), the tangential tradion is a resting force govened by
the equaion of equilibrium. Thelaw of Amontonsand Coulomb is commonly taken as thefriction
law in the case of dipping.

4. Development of ideas and modeling of friction

It should be noticed tha many identicdly significant reasons have an influence on friction.
We take into acount the following parameters. noma presare, sliding velodty, surface
temperature, time of contad, surfaceroughnes presence of wea debris, extreme environments.
There are materials and ranges of the contad parameters, espedally for their extreme vaues, whose
conditutive relationsfor friction should be consdered as variousnonlinea fundionswith resped to
the parameters. Friction plays a crudal role for many medanicd systems. In speda applicaions
more sophisticaded modds are desirable to acarrately modd the contad phenomena eg. in
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vibrating systems, in materials procesing, in rubbes and polymers, in geomechanics, in
bioengineeing, in living systems.

The genesis of frictionis not clealy known. Medhanicd and atomistic theories of the origins
of friction are used at present, and friction moddingis based on obrvationsfrom maao- to micro-
scde. In the subjed literature, there are phenomenologicd, micromecdhanicd, atomic-level and
multi-scde friction models. In [2,3,4] a family of non-clasdcd friction laws have bean proposd.
These friction laws indude anisotropy and heterogeneity effeds. Anisotropy means that there are
distinguished diredions of dliding. Heterogeneity means tha there are distinguished points at the
contad surface Kinematics of dliding can initiate microgructural and frictiond changes in the
surface and nea-surface materia (self-organizaion and structural adaptation). As in continuum
medhanics the central topic for the friction conditutive modds are conditions of material
objedivity, the Second Law of Thermodynanics and mnditionsof symmetry.

5. Predictions of contact stresses

Different approaches can be applied to cdculations of contad stresses and to satisfadion of
kinematic contad condraints on displacanents of the contading bodies. Since both forces and
displacaments in the contad area are unknown, additiond relations are nealed to describe them.
Powerful formulationsof problems with congdraints on certain solution variables (e.g. unilateral and
contad problems) can be obtained by utilizaion of the classcd variationd formulations and the
following techniques: Lagrange multipliers, pendty function, perturbated Lagrangian method,
augmented Lagrangian method [1]. They are so cdled adive strategies. These methodsare designed
to fulfill the condraint equaionsin nomal diredion to the contad area For the tangentia part we
neel conditutive equations Mog standad finite element codes use two adive strategies i.e. the
Lagrangemultipliers and the pendty method [1].

6. Adhesion and impacts mechanics

Adhesionis the phenomenontha ocaurs when anomal tensle force mus be doneto separate
two surfaces from contad (after being compressed together). The adhesive nomal force dependson
theinitially nomal presaure and a coefficient of adhesion (the law of Rabinowicz and Frémond).
Impads ocaur if the solids come into contad among ead other or againg the founddion. Shont-
time impads, one can describe usng an impulse model for impads. The colliding solids change
ther veloditi es discontinuousy (the law of Newton and Posn). Wave theory is appropriate for the
description of collisionsagang flexible sructures.
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