
PhD Position: Multiscale modeling of the thermo-hygro-
mechanical response of concrete informed by the molecular scale 
 
 
Key-words:  
Classical molecular simulation ; micromechanics ; Cement-based materials ; Heat capacity ; 
thermal expansion ; sorption. 
 
 
Profile and skills required: 
- Notions about porous materials, or more specifically cement-based materials 
- Motivation to perform simulation and modeling research 
- Knowledge of (or motivation to learn) classical molecular simulation techniques 
- Knowledge of (or motivation to learn) micromechanics 
- Scientific communication and advanced English 
- Motivation to carry out fundamental research at fast pace 
 
 
Thesis detailed overview  
Thermal deformations are one of the major causes of cracking of cement-based materials [1]. 
These deformations may have negative impacts on the performance and durability of  built 
infrastructures for transport, sanitation and security; infrastructures for energy 
production, and building envelopes. Understanding, predicting and controlling the thermal 
deformations in cement systems, including is crucial: (1) to better manage the resilience and 
vulnerability of (infra-)structure as well as extent the service life of existing infrastructures, 
which represents a reduction in the environmental impact of using concrete; and  
(2) to ensure the performance specifications related to the confinement and insulation capacity 
of cement systems, contributing to a better formulation of cement-based materials and design 
of concrete structures tailored to such performances specifications. 

 
The prediction of thermal deformations relies on an accurate description of the thermal 
properties, namely the coefficient of thermal expansion (CTE), the heat capacity (a property 
related to the increase of temperature of a material upon heating) and the thermal conductivity. 
For cement-based materials, these properties are reported to be composition, time, temperature 
and relative humidity (RH) dependent [2]. Sensitivity analysis shows that relatively small 
variations in the heat capacity and in CTE may significantly affect the thermal response of 
concrete structures [3]. 
 
The goal of this project is to provide models of the thermal expansion and heat capacity 
of cement-based materials that are informed by the relevant physical phenomena in a 
multiscale framework and that can be used in the engineering practice. The target 
applications are concrete infrastructures and building envelopes made of cement-based 
materials that are subjected to thermal loads in an environment with a given RH. We will focus 
on the elucidation of the physical origins as well as the temperature and RH-dependency of the 
CTE and the heat capacity. Aspects related to drying or deformations related to RH variations 
will only be considered if they contribute to the understanding of the RH-dependency of the 
CTE and the heat capacity. We assume that accounting for the multiscale nature of cement-
based materials is crucial to understand thermal deformations. 
 



 
Research efforts have been devoted to correlate composition, structure, property and 
performance of civil engineering materials by means of multiscale modelling and simulations. 
Much of this effort is focused on mechanical properties [4–7], whereas only few studies cope 
with thermal properties [2, 8–10]. Critical questions regarding the thermal behavior of cement-
based materials remain unanswered. In particular, the physical origins of the following aspects 
are still to be addressed: 
1. Concerning the thermal expansion, cement-based materials exhibit at least two non-trivial 

behaviors: (i) the CTE is a non-monotonous function of the relative humidity, reaching 
a maximum value at approximately 70% RH (Fig. 1); and, (ii) the CTE often reach a 
minimum value at the first days.  

2. The effective heat capacity of heterogeneous materials is expected to be the average of the 
heat capacities of all phases weighted by their (volume or mass) fractions, i.e. described by 
a mixture law [10]. However, estimations of heat capacity of cement-based materials 
using mixture laws are not in a reasonable agreement with experimental data [9]. 

Modeling strategies that can describe these peculiar behaviors of cement-based materials from 
the underlying physics will represent an advance in the field by enhancing the confidence on 
the predictions of the performance and durability of cement-based materials. Additionally, in a 
more ambitious perspective, the knowledge obtained from modelling can be used to advance in 
the design cement-based materials with tailored thermal properties, following the example of 
the research on other micro- and mesoporous materials [11]. 
 
Methodology: We propose a strategy combining classical molecular simulations with 
poromechanics, homogenization techniques and finite element (FEM) analysis to model the 
thermal properties of . Nanoscale processes at the origin of the thermal properties can be 
difficult to probe experimentally and cannot be properly assessed by homogenization or 
micromechanical modeling in the context of continuum mechanics. The project is organized in 
four main tasks: 
 
Task 1. Build an open database of thermal properties of cement-based materials 
Task 2. Molecular simulations of the thermal properties of industrially relevant C-S-H 
under sorption and temperature variation 
Task 3. Definitions of a strategy to upscale thee information from the molecular scale up 
to the continuum scale 
Task 4. Upscaling the thermal properties of cement-based materials using 
micromechanics 
 

Supervision 
Supervision by T. Honorio and F. Benboudjema. Co-supervision of C. Giry. 
 
Financial support  
Financial support of the French National Research agency (ANR) via the  project ANR JCJC 
THEDESCO (ANR-19-CE22-0004-01). The participation in international conferences (2 to 3) 
is comprised.  
 
Diffusion and valorization of results 
- Publications in international journals and conferences.  



- Development of a model implemented in an open FEM code for the estimations of the 
thermal behavior of concrete informed by the nanoscale. This phase of the project will be 
accomplished in collaboration with a postdoctoral researcher. 

- Creation and curatorship of an online database of thermal properties of cement-based 
materials that can be used as a reference to other databases concerning various properties 
of these materials.  

 
Duration:  
3 years, starting in Fall 2020 
 
Salary:  
Net salary of about 1600€ per month 
 
To apply:  
Please send CV, transcripts and motivation letter to the contacts below 
 
Contacts: 
Tulio Honorio: tulio.honorio-de-faria@ens-paris-saclay.fr 
Farid Benboudjema: farid.benboudjema@ens-paris-saclay.fr  
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