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ABSTRACT 

We have developed a model of a fluid-saturated rock based on the discrete element method (DEM) 

and Biot’s model of poroelasticity [1]. In order to describe motions of discrete elements we use the 

many-body formulation of equations for the forces of interaction between elements that allows 

correct implementation of different rheological models of solids. The mechanical model of a porous 

skeleton has been coupled with the equation of fluid filtration in a permeable medium. This allows 

taking into account the interplay of deformation of solid skeleton, pore pressure change and fluid 

transport.  

The description of inelastic response of a skeleton with dilatation plasticity mechanisms (in which 

plastic deformation occurs due to the accumulation and/or expansion of micro-defects) has been 

implemented with use of the non-associated flow law and the Mises-Schleicher yield criterion. We 

simulate the fracture by means of switching of the state of a pair of discrete elements from “linked” 

to “unlinked” state when the fracture criterion of a material is satisfied. In order to adequately 

simulate the rock fracture we applied the pressure-dependent fracture criterion of Drucker-Prager 

within the developed model [2]. 

The study of the dependence of the strength of fluid-saturated permeable material on the shear strain 

rate has been carried out. The sample has been subject to combined compression and shear. The 

sample material represents an elastic-plastic, permeable porous medium filled with a liquid. It was 

found that the influence of pore fluid on the material strength is determined by the competition of 

fluid pore pressure change (due to the volume deformation of solid skeleton) with filtration. On the 

basis of the parametric study we obtained the combination of physical and mechanical parameters of 

solid skeleton and fluid as well as of linear dimensions of the samples, which uniquely defines the 

dependence of strength of deformed fluid-saturated sample on the strain rate. Under the loading 

accompanied by a decrease in the pore volume and increase in the pore pressure, fluid redistribution 

reduces the local maximum of pore pressure and thereby provides an increase in strength of the 

samples. Under the loading conditions, which lead to an increase in the pore volume and pore 

pressure drop, filtration maintains the fluid pressure and thereby reduces the strength of the samples. 

Based on simulation results we constructed the generalized sigmoidal dependence of the shear 

strength of samples on strain rate and physical-mechanical properties of the medium under 

consideration. The parameters of the given dependence represent the combinations of the values of 

loading, width of a sample, its physical-mechanical properties, including permeability, and physical-

mechanical properties of a liquid. 
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