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1 Contents of the review

This review consists of the following sections:

• scope of the Ph.D. thesis, extent of new knowledge contained in this work,

• scientific relevance of the submitted thesis,

• scientific qualities of the applicant,

• conclusions, and

• questions and comments for the thesis defense.

2 Scope of the thesis, extent of new knowledge contained in this

work

The submitted thesis deals with several distinct topics from (thermo)mechanics of solids un-
der finite strains organized into four main chapters. The first topic addressed focuses on the
peridynamics theory – a non-local approach to continuum mechanics pioneered by Silling in
2000 – and studies the fundamental question: how to translate the concepts of traction and
stress correctly from the conventional continuum description to peridynamics? The next two
chapters address the modeling of inelastic materials within the theory of rate-independent sys-
tems? In particular, they deal with proving the existence of (conventional) energetic solutions
to a broad class of models for shape memory alloys using the notion of gradient polyconvexity
introduced by Benešová and co-workers in 2018. The additional chapter is concerned with
the existence of the so-called separately global solutions for large strain inelastic processes,
substantially generalizing results obtained by Roubı́ček in 2015. The final chapter focuses on
providing a systematic framework to describe the motion of viscoelastic fluids building on
the GENERIC (General Equation for Non-Equilibrium Reversible and Irreversible Coupling)
machinery.

The breadth of topics addressed by Mr. Pelech is impressive; what I find equally impressive
is that he was able to obtain new results in each of them. The notion of traction in peridynamics
(and the corresponding stress tensor) introduced by the author is both elegant and physically
sound and corrects the previous attempts available in the literature. The gradient-polyconvex
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models of shape memory alloys allow considering energies used in computational simulations
while providing a rigorous framework for proving the existence of the energetic solutions un-
der milder restrictions compared to state-of-the-art works. Likewise, the results on separately
global solutions address challenging problems that incorporate physically relevant constraints
on the energy (the Ciarlet-Nečas condition) and challenging interactions between Eulerian and
Lagrangian fields.

Therefore, I am convinced that all these topics represent a significant amount of new knowl-
edge and original contributions to the mathematical theory of inelastic materials.

3 Scientific relevance of the submitted thesis

From a broader perspective, the thesis serves as an excellent illustration of the challenges
one faces when developing mathematically-supported models of inelastic processes in solids.
These include, in particular, the interplay between local and non-local continuum descriptions
(in the peridynamics chapter), relaxing conditions on higher-order regularization required in
the currently available existence results for energetic solutions (in the chapter on gradient poly-
convexity for shape-memory alloys), substantially generalizing the concept of local solutions
developed earlier for small-strain inelasticity with separately convex energies towards models
inspired by large-strain damage mechanics (in the chapter on separately global solutions), up
to the deduction of the governing equations for transversely isotropic fluids using contempo-
rary techniques of ”rational” non-equilibrium thermodynamics (in the GENERIC chapter).

The scientific relevance of the obtained results is independently confirmed by the fact that
the first two chapters have already been published in high-quality peer-reviewed journals,
whereas the work from the chapter on separately global solutions is currently under review.
The last chapter certainly provides the basis for yet another high-quality publication, but, in
my opinion, a substantial amount of work is required in this direction.

4 Quality of treatment of the topic

I much enjoyed reading the thesis because of (at least) two reasons. The first three chapters,
i.e., those already published or under review, are written very clearly, logically, and in excellent
English.

The final chapter is substantially less polished but contains interesting insights from the
modeling viewpoint, including highly instructive ”didactic” sections on the application of
GENERIC to simpler systems. However, as mentioned in the previous section, the chapter
needs additional revisions before it reaches clarity comparable to the rest of the thesis. Some
comments and suggestions are given below.

5 Scientific qualities of the applicant

I have the privilege to know Mr. Pelech from his late MSc. studies, when I acted as a referee
to his diploma thesis. Moreover, we interacted several times during his Ph.D. studies when
discussing many aspects of local/non-local modeling of inelastic materials. As such, I feel
confident to state that the thesis fully reflects his personality as a scientist – he is a curious
young researcher with interests that span not only the mathematical aspects of materials mod-
eling but also the related physical principles (still taken from the rigorous viewpoint). I believe
that such multi-disciplinarity should be appreciated and fully reflects the underlying idea of
the Mathematical and Computer modeling program.
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Thus, I have no doubt that Mr. Petr Pelech has become a fully proficient independent
researcher (at least) in the broad field of mathematics of and mechanics inelastic materials.

6 Conclusions

As evident from the phrasing of all previous sections, I am confident that the scientific work
collected in the submitted doctoral thesis presents a significant, topical, and timely contribu-
tion to the field of modeling and rigorous mathematical analysis in continuum physics. I am
fully convinced that the thesis contains a considerable amount of new scientific results and
demonstrates the applicant’s command of the research field.

For these reasons, I wish to support, in full confidence, the award of Ph.D. degree to Mr. Petr Pelech
in the Mathematical and Computer Modeling program, after a successful thesis defense.

7 Questions and comments for the thesis defense

The candidate is kindly asked to address (some of) the following questions and remarks during
the Ph.D. thesis defense.

1. On page 27, end of last paragraph, you mention that ”physically realistic elastic strain
values do not occur in the set where W is not differentiable.” Could you elaborate on this
claim?

2. In Chapter 3, the dissipation functional R is assumed to be state-independent (as men-
tioned, e.g., on page 43, second paragraph). Would it be possible to extend your results
to state-dependent dissipation? And what are the major challenges in such an extension?

3. On page 35, first paragraph, you mention that the fully damaged material is ”completely
unable to sustain any stress (perhaps with the exception of a pure compression).” Could
you provide the committee with additional details on how to reflect this observation in
the energetic framework?

4. On page 80, Eq. (4.5), you introduce a term ✏(S) representing ”internal contributions”.
Could you give an example how this function looks like for relevant physical phenom-
ena?

5. On page 82, second paragraph, you claim that ”These criteria imply that . . . ”. Could
you elaborate how these claims correspond to the structural assumptions 1.–3. on the
dissipation potential ⌅?

6. In Chapter 4, on several places (e.g., on page 88, 3rd paragraph), you claim that the La-
grangian description is very detailed, whereas the Eulerian description is ”more rough”.
Can you expand this claim in more detail?

7. Please kindly provide an explanation on what you mean by reference, natural, and cur-
rent configuration in the GENERIC framework.

8. Page 92, last paragraph: Can you elaborate on the meaning of the part starting with
”Finally, since the dissipation potential . . . ”

9. Page 96, Remark 4.2: Kindly explain what you mean by the sentence ”Under special
circumstances, e.g. for concentration, working with ⌅ . . . ”
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10. Page 106: I am somewhat hesitant which message the Remark aims to convey. Could
you please explain it in more detail?

Prof. Ing. Jan Zeman, Ph.D.
URL: http://mech.fsv.cvut.cz/˜zemanj

Prague, 7 September 2020
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