






Review of “Transport Processes and Related Inverse Problems” 
 
Ing. Jan Sykora 
 
The present habilitation thesis contains a summary and 4 papers on the topic of transport 
processes in building materials and inverse problems. In the summary part, the models used 
in the papers are categorised by introducing groups of convection, diffusion and advanced 
models linked to the specific applications discussed in the papers, such as modelling mass 
transport in wood, assessing fire risk and damage in mortar due to ice formation. In addition, 
inverse problems are discussed. Then, in the papers, the topics of water ingress in wood, 
fire risk assessment, degradation processes in mortars and probabilistic identification 
methods are presented. Overall, this is an interesting habilitation thesis with an impressive 
range of applications. The papers are very detailed and are published in well-respected 
journals. There is no doubt that the quality of the work is appropriate for promotion to 
associate professor subject to a successful defence based on the questions and comments 
listed below. 
 
Comments: 
 
Chapter 1 
 
1.1) You show the main equations of convection models. 
i) Please explain the meaning and units of the symbols used in these equations in eq. (1.2). 
ii) What are units of the individual components (q_w, D_w,w, D_theta,w, K)? 
iii) K is a scalar and q is a vector. What is missing there? 
 
1.2) For the diffusion models:  
i) Please define diffusion and explain how it differs from advection. 
ii) How is term diffusion used in Section 1.2? Explain the practical importance to distinguish 
between diffusion and advection. 
 
1.3) On page 9 Figure 1.4, you show curves of the moisture uptake versus time.  
i) Please explain what the driving physical process of the moisture uptake is. 
 
Chapter 2 
 
2.1) i) Explain the aim of this paper.  
 
ii) You talk about the need for reliable analysis at the top of page 28. Later on, accuracy is 
mentioned as well. What do you mean with terms “accuracy” and “reliability” in the context of 
computational modelling. Please explain. How do you check accuracy and reliability? 
 
2.2) On page 28, you mention that eigenstrain can result in damage if restrained. Later on, 
the model seems to be entirely elastic. Explain at which scale the eigenstrain coud be 
restrained. Is this due to boundary conditions at the macro-scale or is it due to the 
heterogeneity of the micro-structure which undergoes swelling at different rates? 
 
2.3) Above Figure 2, the setup of the experiment is described. It is stated that “The resulting 
pressure gradient caused a one-dimensional vapor flow through the specimen. It is not easy 
to understand the initial and boundary conditions of this experiments. It is then later 
described in more detail in the modelling part. However, even then not everything is clear. 
Please explain the initial conditions of the specimen (degree of saturation). Then please 
state the values of relative humidity on both sides of the cup. What is moisture content 
distribution across the specimen? How do you determine/check the initial condition of your 
specimen? 



Chapter 3 
 
You focus in this study on the risk of fire induced spalling of concrete layer. State how risk 
associated with other effects of tunnel fires compare to the selected one. Please explain 
your justification to limit yourself to spalling. 
 
Chapter 4 
 
i) You state that “understanding is … the first step toward avoiding deterioration.” Could you 
please give an example how this understanding could help to protect historical mortars from 
frost damage? Is this mainly related to repair materials or are there techniques that could be 
used to treat existing mortar to make them more resistant? 
 
ii) On page 98, you use Biot’s coefficient. Please explain what the physical meaning of it is? 
For which cases (materials) would Biot’s coefficient approach 1?  
 
iii) On page 98, you introduce an isotropic damage model, which uses a single scalar to 
reduce the stiffness. How does the reduction of the stiffness links to the answer given for ii)? 
How should Biot’s coefficient vary with damage?  
 
iv) Explain how you consider the influence of damage on the build up of ice? Should porosity 
depend on damage? How is this taken into account? How important is this dependence? 
 
v) In Eq. (34), you introduce a nonlocal extension for your damage model. Why do you do 
this? Are you able to reproduce localised crack patterns in your analyses which would 
require this regularisation to obtain mesh-independent results? Please explain your 
motivation behind this. Did you check if your results are mesh-independent? 
 
vi) You state in your conclusion, that you find a “high importance of porosity on the evolution 
of damage”. Is the value of porosity important or is it the size and their connectivity that are 
the important parameters? Please explain by means of thought experiments how pore size 
and connectivity influence the results. 




