9th European Congress on Computational Methods in Applied Sciences and Engineering (ECCOMA2024)
June 3-7, 2023, Lisbon, Portugal

MULTISCALE COMPUTATIONAL HOMOGENIZATION FOR
BRIDGING SCALES IN THE MECHANICS AND PHYSICS OF
COMPLEX MATERIALS

TRACK NUMBER 1600

JULIEN YVONNET®, KENJIRO TERADA®, PETER WRIGGERS®, MARC
GEERS®, KAREL MATOUS®), PAUL STEINMANN®)

@ Gustave Eiffel University
5 Bd Descartes 77454 Marne-la-Vallée cedex 2, France
julien.yvonnet@univ-eiffel.fr
https://pagespro.univ-gustave-eiffel.fr/julien-yvonnet

@ Tohoku University
IRIDeS (International Research Institute of Disaster Science)
Tohoku University, Japan
tei@tohoku.ac.jp

© Leibniz Universitat Hannover,
Institut fur Kontinuumsmechanik, An der Universitat 1
30823 Garbsen, Germany
wriggers@ikm.uni-hannover.de

@ Eindhoven University of Technology,
Mechanics of Materials, Dept. Mech. Engineering, Groene Loper
5612 AZ Eindhoven, The Netherlands
m.g.d.geers@tue.nl

® Department of Aerospace & Mechanical Engineering
University of Notre Dame
367 Fitzpatrick Hall of Engineering
Notre Dame, IN 46556-5637, USA
E-mail: kmatous@nd.edu

(6) Department of Mechanical Engineering
Universitat Erlangen-Nurnberg
Egerlandstr. 5

91058 Erlangen
E-mail: paul.steinmann@fau.de

Key words: Multiscale methods, Computational Homogenization, Materials, Solids

ABSTRACT

Multiscale computational homogenization methods refer to a class of numerical
homogenization techniques for determining the effective behavior of complex and highly
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heterogeneous materials, and for computing the response of structures composed of these
materials. The main added value of computational homogenization consists in surpassing
limitations of analytical approaches, e.g. incorporating realistic multi-phase morphologies and
complex nonlinear material behavior.

This minisymposium focuses on the developments and applications of either multiscale
computational homogenization methods, including all pending challenges in this area, or on
modeling and simulation methods at the scale of heterogeneous microstructures with an implicit
or explicit connection to another scale. Particular emphasis is given on complex models to
incorporate specific phenomena at a given scale and related simulation challenges (complex
morphologies, large models, lack of deterministic description of constituents, presence of
interfaces...) and emergent behavior (effective behavior not described by individual
constituents).

The topics covered include (but not limited to):
e FE? methods and alternatives (e.g. FE-FFT);
e Machine-learning/artificial intelligence techniques and surrogate modeling for
multiscale analysis
e Advanced algorithms for reduction of computational costs associated with multiscale
algorithms (model reduction, parallel computing...)

Data-driven multi-scale mechanics

Numerical or virtual material testing across the scales;

Emergent behavior through upscaling

Scientific computing and large data in multiscale materials modeling

Coarse-graining of nano- and micromechanics

Numerical modeling of materials based on realistic microstructures, e.g. provided by

high resolution 3D imaging techniques;

e Computational homogenization of heterogeneous, linear, time-dependent and
nonlinear heterogeneous materials, including material dynamics and metamaterials;

e Heterogeneous materials with coupled multi-physics behavior (phase change, chemo-
mechanics, nonlinear thermo-mechanics...), including extended homogenization
schemes;

e Multiscale damage modeling, capturing the transition from homogenization to
localization;

e Computational homogenization including size effects, higher-order gradients or lack
of scale separation;

¢ Numerical modelling of the macroscopic behavior of microstructures with complex
interfaces, microcracking, instabilities or shear bands;

e Integration of stochastic microscopic models and its multiscale treatment



