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Report on the Dissertation of Mgr. Petr Pelech

Title: “Variational Methods in Thermomechanics of Solids”

The thesis of Mr. Pelech consists of three main parts, all of which are related
to the variational treatment of problems in solid mechanics. The first chapter
based on an article published in ZAMM in 2019, is concerned with the topic
of peridynamics, more specifically, with the derivation of stress tensors in a
non-local context. The two main results of this chapter are the derivation of
the vanishing-horizon-limit (where in particular consistency of the limit of the
first Piola-Kirchhoff stress tensor and the peridynamic stress tensor are shown)
and an example that shows that the Cauchy stress tensor and the peridynamic
tensor do not agree in general.

The second chapter of the thesis (based on an article published in Journal of
Optimization Theory and Applications in 2020) addresses mathematical pro-
blems in a different strain of non-simple materials, namely models with the
property of gradient polyconvexity. This concept was recently introduced. A
simple example would be a material model where the spatial changes of the
determinant of the deformation gradient are penalized. Such a penalization re-
sults e.g., in improved compactness properties for minimizing sequences in
the direct method of the calculus of variations. The main contributions in the
thesis of Mgr. Pelech concern an application to instationary problems, proving
existence of energetic solutions for certain material models that include pha-
se transformations The third chapter of the present work concerns the topic of
large-strain inelasticity. For a rate-independent evolution model, existence of
variational solutions is shown (in the same sense as in chapter 2).

The fourth chapter of the dissertation finally concerns basic mathematical prin-
ciples of modeling in solid mechanics within the framework of GENERIC. In
particular, anisotropic models are considered here.

Summary

The results presented in this thesis are newmathematical results that shed light
on some interesting questions in the area of mathematical materials science.
Questions of existence of solutions for non-convex evolution problems are an



2important topic in mathematics, with many unresolved issues remaining (whe-
ther in the area of rate independent evolutions or within GENERIC). I do think
that this thesis makes a valuable contribution here. As peridynamic material
models find some significant traction in numerical engineering, I would assume
that the results presented here are of some interest outside of mathematics.

Overall, I have no doubt that the present thesis shows the author’s capability
of conducting independent scientific work. I thus recommend accepting it as a
doctoral thesis.

With best regards,

Prof. Dr. Patrick Dondl


