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Christian Hellmich
“Up and downscaling revisited:
a fresh look at multiscale solid
mechanics”

Multiscale modeling has become one of the key
trends in solid mechanics and its neighboring fields,
having opened new avenues and showing great
potential for understanding and solving pressing
engineering problems. However, there are still
important questions pending, both on the
theoretical foundations of scale transitions, in
particular so concerning the partially overlapping
realms of force field-based molecular mechanics and
its coarse-grained variants, and on homogenization
theory within continuum mechanics. As a
contributing to a better understanding of the
theoretical pillars of multiscale mechanics, the
seminar re-visit the (micro-)stress and (micro-)strain
average rules governing the representative volume
elements (RVEs) of continuum micromechanics: In
order to avoid ad hoc definitions to the highest
possible degree, Hashin’s strain boundary conditions
and geometric compatibility considerations
(implying validity of the strain average rule) will be
opened towards the virtual velocity realm, allowing
for the introduction of force duals (virtual power
densities) which naturally yield body force and stress
average rules. Applying the same reasoning to
discrete (atomistic) systems leads to a very natural
and simple derivation of the so-called internal virial
stress tensor, a concept which can be traced back to
the eminent 19th century physicist Josef Finger.
Extending this homogenization concept to beam-
type macromolecules helps to understand the
mechano-biology of DNA. Returning to classical
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composite mechanics, we also re-visit, and overcome, the fundamental limitations of the
probably most popular Eshelby problem-based homogenization scheme, namely that of
Mori and Tanaka, with respect to anisotropic multiphase-multishape composites. In more

detail,
proposed by Sevostianov and Kachanov.

we adopt the explicit symmetrization of the macroscopic elasticity tensor



