
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

To simulate the hydromechanical behavior of high porosity rocks saturated by a fluid phase, a three-
dimensional Lattice Discrete Particle Model is proposed in the following study. For this purpose, the 
equivalent two-phase porous medium is discretized “a priori” by two networks of lattice elements: the first 
connects rock grains to mimic the solid phase and the second represents the intergranular fluid network to 
reproduce fluid flow transport. 

The mechanical lattice network generates a meso-structure of material based on its grain size distribution, 
and simulates the heterogeneous deformation at the grain scale by means of discrete compatibility 
equations. Grains interact through triangular-shaped planes of contact (facets) where vectorial constitutive 
laws are imposed at the facets. At the same time, fluid flow along interconnected pores is simulated 
through a fluid transport network defined by the edges of facets resulting from 3D tessellation of the 
generated particle system. The flow is assumed to be laminar everywhere, and the fluids are Newtonian 
and immiscible.  

Taking advantage of model’s capability to simulate damage and cracking at the grain scale, one is able to 
track the evolution of local hydraulic properties with the progressive damage of the material. As fluid 
transport element is associated with facets, which are also regarded as potential failure planes, the local 
variation of fluid conductivity due to damaged material is linked to facet crack openings. The fluid flow at 
the regime of cracked material is assumed to follow Poiseuille's law with the width of flow channel defined 
by facet crack openings. A diffusion equation of fluid pressure is derived for both the uncracked and 
cracked material based on fluid mass conservation.  

The proposed model is calibrated and verified by considering few fundamental problems of poroelasticity 
following Biot’s theory. Beyond the elastic regime, the non-linear mechanical behavior of porous rock is 
also investigated and the results show the effect of heterogenous hydromechanical properties on the 
overall behavior of the material.   

___________________ 
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