
SSIE/

ENAC / PROJET DE MASTER 2019-2020

SECTION DE GÉNIE CIVIL

BOTH FP = 5.28MPa

Enhanced Geothermal Systems (EGS): Numerical prediction of the mode and location of fracture initiation

1 Soil Mechanics Laboratory (LMS), EPFL / 2 Rock Mechanics Laboratory, MIT 

Master 2015

Auteur : Mohamad Zaarour

Encadrement : Prof. Dr. Lyesse Laloui 1 / Prof. Dr. Herbert H. Einstein 2 

  

  

    

  

  

    

Tensile 
Failure 

Tensile 
Failure 

TTBF

BTTF

VL = 7MPa VL = 8MPa VL = 9MPa VL = 10MPa

VL = 9.5MPa VL = 9.6MPa VL = 9.7MPa VL = 9.8MPa

!

!

Crossing

the envelope 

Crossing 

the envelope 

VL = 9.75MPa VL = 9.74MPa

!

Crossing the 

envelope 

Stop 

iteration 

Just 

touching 

the envelope 

Start with a certain 

magnitude of VL, 

LL, BOTH FP, 

BFP/LFP (or a 

combination)

Increase/decrease 

iteratively the loading 

component until 1st

Mohr’s Circle touches 

the failure envelope

If      

→ First predicted local 

tensile failure 

If      and one 

point is touching the 

linear Coulomb

→ Local tensile/shear

failure 

Determine the 

corresponding FE node 

to this critical Mohr’s 

Circle 

1st step 2nd step

Input final value of 

loading component in 

MATLAB PDE and 

generate   and     

stress distributions

3
rd

step

Validate iterative 

procedure results

4th step

If Mohr’s Circle 

touches linear Coulomb 

envelope 

→ First predicted local 

shear failure 

          

        

    
        

7

 

 

 

 
                           

 

                  

                   

                   

COMPRESSIVE 

STRESSES

TENSILE 

STRESSES

  

  

                 

   

       

                        :

  

                         :

Shear Failure 

Tensile Failure 

Tensile – Shear 

Failure 

  
         (         

 

      

                  
                

          
                    

 

               :
                        
                              

 

              
                                 
                       
                                   

  

             (Gr)
           
         
              

 

  

 

  

       ;
              ;
                 ;

                       ;

       
 

 
;

                  

        

 

  

  

  

Double-flaw geometrical designation (Gr-L-β-α) 

Combined Griffith-Coulomb failure criterion

Loading configuration

Comparison: NUMERICAL VS. EXPERIMENTAL results 

𝑉  𝑉𝑒𝑟𝑡 𝑐 𝑙  𝑜   
     𝑡𝑒𝑟 𝑙  𝑜   

Iterative numerical procedure: Prediction of fracture initiation 

Final step of the iterative procedure (TTBF & BTTF)

Maximum principal and shear stress distributions


