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Motivation: unilateral contact problem
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Bodies in contact Graphical representation of the

complementarity relation

u—g<0=h<0 —— « Nonpenetration relation

« Only compressive stresses are
allowed (contact pressure)

« Complementarity relation
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t"(u—g)=0. —
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Motivation: Frictional Stick-Slip problem
(Tangential direction of the interfaces)

Coulomb friction model
« Two contacting surfaces start sliding when 7., = jt - t"
Stick conditions: No sliding when 1 < 1,
- T, Critical shear stress
M: Friction coefficient
t": Contact pressure L —

Shear stress

Shp

Graphical representation
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Complementarity Problems

Linear Complementarity

x>0, y=Mx+b>0, xTy=0

Nonlinear Complementarity

x>0, F(x) >0, xTF(x)=0
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Unilateral Contact Interface
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Linear Complementarity Interface, Variational Inefjties,
Nonsmooth Mechanics G.E. Stavroulakis — IFER Barcelona July 2010

Complementarity Problems
(other applications)

Flow in Networks (e.g. transportation)
Equilibrium in the sense of Nash — Walrasch
Financial Mathematics
Price analysis of derivatives and options
Flow in porous media

Multiphase flow, salt water front analysis etc
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Monotone Laws and Convex
Nonsmooth Superpotentials

Locking spring
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nonlinear, monotone constitutive law

{ S + cie, for e = O,
s =

[—s1, s2], for e =0,
—s1 + cze, for e << O,

a nondifferentiable, convex superpotential
7w(e) = max {mi1(e), m2(e)}

1 > 1 >
= max Sz + “écle , —8] - —cse"
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Monotone Laws

CoONTACT RELATIONS
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—Sn~ € Oy ([wln) = Ny ([uln)

or —Sn € 9¢([uln)
with

Ul = {ln | [y — g < 0}
variational inequality

SN () ([wly — [wl) =0, Vv € U I
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Monotone Laws

FRICTION PROBLEM

— Ty if [ulr <0
—Sr =14 [-To, To] if [u]lr =0
To if [u]lr >0
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—St € 8¢r([ulr)-
variational inequality
—Sr(fulr)(Plr—[ulr) < ¢r(vlr) —ér(lulr), Viur € R,
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Monotone Laws

Elastic locking spring
o € 0¢(e),e € 8¢p°(o)

—1lp1 2 1.4 2 1.
¢C(U)—§E o _EE (o‘~o’1)+—§E 1(02~0')3_.

ok
P(e) = §E52 ~+ 1[52’61](6).
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Monotone Laws

Elastic perfectly plastic spring o € 9¢(e) =
V¢(e), e € 99°(o),

1
¢°(0) = SET10% + T(_oo,00)(0)-

P(e) = %Eez - %E(s - 50)3_.
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Conclusions

* Nonsmooth-nonconvex potentials in

mechanics and thermomechanics allow us
extend classical approaches

* Algorithms are expanded with the help of

nonsmooth — nonconvex optimization

* Inverse and parameter identification

problems can be solved by classical
optimization or soft computing.
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