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Motivation for Homogenization
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Strong formulation of the contact problem
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Weak problem formulation
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Korn-like inequality for non-locked    -periodic inclusions

• D. Cioranescu, A. Damlamian and J. Orlik, Homogenization via unfolding in periodic elasticity with contact on 
closed and open cracks, Asymptotic Analysis, Vol. 82, Issue 3-4, 2013
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Unfolding (Griso, et. al. 2002) 

Decomposition
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Unfolding operator
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Example 1: how does it look like in one dimension
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Interface measure. 
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Interface unfolding operator



© Fraunhofer ITWM
12

Boundedness.
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Boundedness and convergence of the conormal 
derivatives on the oscillating interface
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MacroscopicMacroscopicMacroscopicMacroscopic pppproblemroblemroblemroblem

Result of homogenization. Analysis.
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PeriodicPeriodicPeriodicPeriodic contactcontactcontactcontact problemproblemproblemproblem forforforfor thethethethe correctorcorrectorcorrectorcorrector on on on on thethethethe periodicityperiodicityperiodicityperiodicity cellcellcellcell YYYY

Result of homogenization. Analysis.

� A. Damlamian, D. Cioranescu, J. Orlik , Homogenization via unfolding in periodic elasticity 
with contact, Asymptotic Analysis, Vol. 82, issue 3-4, 2013.
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�Micro-sliding results into macroscopic 
plasticity.

Mechanical interpretation of the result

� S. Fillep, J. Orlik, Z. Bare, P. Steinmann,                                                                                
Homogenization of elasticity in periodically heterogeneous  bodies with contact on the 
microstructural elements, Mathematics and Mechanics of Solids, 2013.
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How the 3-D contact conditions enter the 1-D cell-
problems?

� 1-D contact parameters are computed from those known for the   
3-D Problem and   the beam cross-sectional characteristics. 

� Entrance of the bending moments into the 1-D contact problem

� Z.Bare, J.Orlik, G.Panasenko, Asymptotic dimesion reduction in thin networks with 
Robin conditions in nodes, Applicable Analysis, 2013

tension

bending
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Simulation of the compressive stockings
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Simulation of the behaviour of compressive stockings

Given

a textile structure made of thin yarns.

Aims:

� simulate the hysteretic behaviour of
the textile membrane based on the
structural, geometrical and
mechanical properties of yarns

� optimize the knitting pattern along
the stocking to reach a certain
pressure profile along the axis of the
leg.



© Fraunhofer ITWM
20

1-D truss model

Assumptions:

� yarns are thin elastic strings and

� work only on tension (no bending and compression) 
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Parametrized yarn structures

Micro-CT image The model
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Erweiterung des Reibungsmodells

Für die Kompensation der 

Anfangsvordehnung wurde eine 

Haftkraft eingeführt, modelliert

und simuliert.
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The model of the contact sliding
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Euler-Eutelwein friction law
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Hyperelastic strings with Coulomb friction

The problem is solved 
� by Newton method with continuation (or implicit time integration) 

[Deuflhard 2011],
� implemented on C++ with use of Intel MKL and 
� PARDISO, [Schenk, Gärtner, 2006]) sparse solver for systems of linear 

equations.

• V. Shiryaev, J. Orlik, One-dimensional computational model for hyperelastic string structures 
with Coulomb Friction, submitted to M2AS
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Influence of different friction coefficients. Hysteresis.
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Experimental Validation
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Pressure profile in the stocking.
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Simulation of putting on of knitted compressible wear
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Software KneeMech for preoperative planning

Aim: 
to develop a fast FE based multi-scale 

contact analysis, which helps 
surgeons on basis of 

- X-ray or CT images of the patient, 
- effective time and space dependent                   

load conditions

to make

� a correct virtual bone cut (w.r.t. its 
rotational axis) and positioning of 
the prosthesis in the bone

� a preoperative choice of 
appropriate shape, size, material, 
and coating for the knee prosthesis 
for each patient 
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