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Context 

-  Extract fossil 
ressources from tight 
rocks 
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Context 

 
-  Alternative to hydraulic 

fracturing = dynamic 
loads 

-  Dynamic wave 
generated by electrical 
discharge 

From fracture to fragmentation…. 

-  Extract fossil 
ressources from tight 
rocks 
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Experimental facility 

Pulsed Arc Electro-Hydraulic 
Discharge Fracturing 



CFMR, Paris 16/10/2014                        5 

Experimental facility 

Pulsed Arc Electro-Hydraulic 
Discharge Fracturing 
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Permeability  measurement  

PSD test 
(mercury intrusion) 

Fracture  

Coupling between damage and 
permeability 

!
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Effect of a single shock wave 

Confinement : eq. to  2200 m 
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Dynamic load – Shock wave 

 Multiple shocks 
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P=51MPa 

Confinement : equivalent to 2200 m 
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Dynamic load – Shock wave 

 Multiple shocks 

Confinement : equivalent to 2200 m 

Permeability 10-17 m 

Permeability 10-16 m 

Permeability 10-15 m 
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Computational model 

•  Generation of the shock wave 

•  Induced damage in the reservoir 

•  Growth of permeability due to damage 

 

•  Simulation of the experiments 

•  Model « reservoir » simulations 
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Generation of the shockwave in water 

- Injection of energy in small region 
(between the electrodes) 
-  Rely on the EOS of water 

Test case 

Symmetry 

Free boundary 

zoom 
Injection of energy 

  

Fixed boundary 

 
Water 

ρ= 998.3 kg/m3 

Tinitiale: 25°C 
Pinitiale : 1 bar 
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Constitutive modelling 

•  Based on continuum damage mechanics 
•  Anisotropic damage 
•  Crack closure effect 
•  Rate dependent response 

Desmorat et al. 2007 

 4 

rate in the absence of localisation of damage, whereas the fracture energy is set 
independent of the finite element size in quasi-static fracture propagation, as we will 
discuss in section 2.2. Finally, the relationship between the damage tensor and the 
permeability tensor is introduced, as an extension of existing works dealing with 
isotropic damage.  

2.1 Damage model 

The relation between the effective stress  and the strain  in the Desmorat model 
has been used [7]: 

                                   (1) 
 
with E the Young’s modulus, ν the Poisson’s ratio. The effective stress  is defined 
as: 

       (2) 

where  is the stress tensor,  denotes the deviatoric part of the stress, D is a 

second order damage tensor, tr(•) is the first invariant of the tensor, and  is the 

positive part of . In the case of a second order tensor  stands for the positive 

part of  defined by [32] and composed from its positive eigen values, the negative 
one being set to zero. 
 
Practically, Equation (2) is not used in the numerical procedure but it is replaced with 
the inverse relationship expressing the stress  as a function of effective stress : 
  

  
    (3) 

  with H=(1-D)-1/2, .  

 
Note that the model accommodates crack closure in a partial way only. Crack closure 
effects result from the positive part of the first invariant of the effective stress. The 
hydrostatic term in Eq. (2) takes into account the crack closure whereas the deviatoric 
term does not. Consequently, the model does not allow to recover completely the 
compression stiffness upon tensile damage growth and load reversal from tension to 
compression. According to Ref. [7], this is prevented for the sake of thermodynamic 
consistency of the formulation. 
 
In this elastic-damage model, the failure domain is defined by introducing a loading 
function f. A classical expression of this loading function is provided in Eq. (4), after 
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Rate dependent formulation 

Classical rate dependent formulation 
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Evolution of permeability 
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(Bary 1996, Jason et al. 2007…)  
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Wave propagation 

Surface level : Pax=2MPa, Prad =2MPa  
 
Medium confinement : Pax=19.5MPa, Prad =9.1MPa 
  
High confinement : Pax =40MPa, Prad =25MPa  

Ø Different confinement levels 

Model 

Confinement Symmetry 

Confinement blocks 

Specimen 

Injection of 
energy 

Fixed 

Computational model 

Medium confinement: 
1500 m 
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Radial                 Tangential 

Medium confinement (1500 m),  
vertical stress = 19.5 Mpa, confinement stress = 9.1 MPa  

Evolution of damage / Evolution of 
permeability 
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Radial                 Tangential 

Medium confinement (1500 m),  
vertical stress = 19.5 Mpa, confinement stress = 9.1 MPa  
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Evolution of damage / Evolution of 
permeability 
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2m 

8m 

R=5cm 

Geometry 

Damage (450kJ) 

Pressure 

Simulation on a representative problem 
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Concluding remarks 

Describing damage of mortar and rocks due to dynamic 
loads : anisotropic damage, crack closure, rate dependent 
effects 

Design and experiment a potential alternative 
methodology to hydraulic fracturing: 

Modelling the anisotropic evolution of permeability 
 
 
Comparisons with experiments 
 
 
Evaluation on representative geometries   
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