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list (3 topics at maximum) IV-7 Materials for environment and ecology 

IV-10- Bio-matériaux et matériaux polymères 

V-11- Change of world climate and climatic forecasting 

Required skills in science and 
engineering 

Tranfert in porous media, building materials, 

numerical methods and computing. 

 

Subject description (two pages maximum) 
 

In recent years, there is a great interest in the scientific research in general and civil engineering in 

particular in environmental issues. As the construction industry is constantly growing, the ecological 

impact is very important and the change in our habits becomes more essential and urgent than ever. 

Possible promising solutions developed in recent years include Eco-construction : materials with low 

cement dosage. The challenge is to find future building solutions for a sustainable environment. Its 

objectives include: 

- achieve high environmental performance and energy efficiency. 

- ensure the health and well-being (comfort) of its occupants. 

- give priority to environmental quality materials focusing on their environmental and health 

awareness. 

The proposed pHD will be focused on the eco-construction and more specifically on heat and mass 

transport on eco-materials with low environmental impact (eco and bio building materials or nano-

particules i.e manufactured with weak cement ratio) and on the study of their environmental behavior 

and failure (mechanical, moisture resistance…). In addtion to bio building materials, it will be focused on 

cement based materials containing nanomaterials such fly ashes and slag obtained by macanosynthesis 

and modified by PCA (Process Control agents). 

The study will be approached on different scales:  

- at the material scale to identify and characterize the properties of these eco-materials (physical 

and mechanical) including the moisture transport and storage properties in order to optimize 

their formulation for better durability.  
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- at the wall scale to assess the behavior of these materials in interaction with their real and 

aggressive environment. Furthermore, it will be interesting, in this scale, to consider the 

properties spatial variability impact of these new materials on their hygrothermal behavior and 

durability.  

This topic is going to deals with both modelling and experimentation aspects: 

- In terms of modeling, the aim will be to improve the existing analytical models of coupled heat 

and moisture transfer by integrating the uncertain and heterogeneous (probabilistic) aspects of 

certain transport parameters. The study will focus also on the effect of climat change on the 

heat and mass tranport evolution through the considered eco-materials. A first study is already 

in our laboratory to study the effect of climat change on chloride ingress in concrete.  

- In terms of experimentation, it will first be required to characterize Eco-materials on a reduced 

scale to determine  deterministic model parameters (water vapor permeability, air permeability, 

sorption isotherm, thermal conductivity, heat capacity…). Then, an experimental investigation 

on walls (scale 1) will be carried out based on the bi-climatic room available in GeM laboratory 

at university of Nantes. These experimental studies will be used to validate the developed 

models and to propose construction methods and technical answers regarding the use of the 

studied eco-materials. 
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