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Context 
  
Mining and quarry activities have created a high number of abandoned cavities in many regions 

of France, in particular in the East region. Some of them are located in porous chalk layers. Due 

to climatic changes, in particular heavy rainfall and related flooding, several catastrophic events 

occurred causing important material damage. Among many factors leading to mechanical 

instability and collapse of those cavities, the degradation of mechanical properties of rocks due 

to cyclic wetting and drying still remain an essential issue. In the case of cavities in chalks, it is 

known that the mechanical behaviour of most chalks is strongly sensitive to the water saturation 

degree and to the chemical composition of water. In spite of a number of previous studies 

devoted to the characterization and modelling of the mechanical behaviour of chalks, there are 

still gaps in the understanding of mechanisms related to time-dependent chalk behaviour, 

cracking onset and failure of chalks, under complex hydromechanical and chemical conditions. 

These mechanisms have to be taken into account in numerical modelling of short and long term 

stability of cavities. On the other hand, recent advances in monitoring techniques allow to better 

capture and analyse in-situ deformation and structure evolutions of cavities. Numerical 

modelling and in-situ monitoring should be performed in coordinated way and mutually 

enriched. 

 

Objective and content of the thesis 
 

The scientific objective of the thesis is twofold: to improve our knowledge of mechanisms 

related to the time-dependent behaviour and failure process of chalk and to develop relevant 

numerical modeling approach for long term stability analysis of cavities, under complex 

environmental conditions. To this end, some complementary laboratory tests will be performed 

in order to better characterize short and long deformation of chalks under different mechanical 

loading paths, different hydric conditions and chemical environments. Based on identified 

mechanisms, a constitutive model will be developed in order to describe the deformation and 

failure process of chalks in the required conditions. The proposed model will be implemented 

into a robust computer code being able to solve nonlinear boundary values problems with 

hydromechanical and chemical coupling. 2D and 3D numerical simulations will be carried out on 

a selected abandoned underground chalk mine by considering in-situ environmental conditions. 

One important issue will be to establish a strong interaction between in-situ monitoring and 

numerical modeling. The in-situ measurement should enrich the numerical modeling which in 

turn will help to improve the analyze of in situ behaviour. 
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Profil 
 
Master in geomechanics, solid mechanics, numerical modeling 
The candidate must have a solid background on mechanics of porous materials, numerical 
methods for engineering problems in particular finite element method, elastoplasticity 
theory, damage and failure mechanics. 

 

 
How to apply 
 
• Application deadline: July 30, 2020  
 
• To be submitted to: jian-fu.shao@polytech-lille.fr  and nathalie.conil@ineris.fr 
 
• The application should include: a detailed CV, a cover letter, transcripts of the master 

degree, if possible, recommendation letters. 
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