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ABSTRACT 

This work presents a numerical analysis of wave propagation in a poroviscoelastic media. A 
problem of a sandstone layer on a soil foundation under vertical load is considered. Sandstone 
is assumed to be poroelastic, soil is assumed to be poroviscoelastic. The poroviscoelastic 
formulation is treated as a combination of Biot’s theory of poroelasticity and elastic-
viscoelastic correspondence principle. Kelvin-Voigt model is employed to introduce 
viscoelastic effects of porous material skeleton. The three dimensional boundary-value 
problem in poroviscoelastic formulation is numerically solved using boundary element 
method (BEM) and boundary integral equation (BIE) method. Results are obtained in Laplace 
domain. Modified Durbin’s algorithm of numerical inversion of Laplace transform is used to 
perform solutions in time domain.  

Keywords: poroviscoelasticity, poroelasticity, viscoelasticity, boundary element method 
(BEM), boundary integral equation (BIE) 

 

INTRODUCTION 

Wave propagation in composite porous materials has applications in many branches of 
science and technology, such as seismic methods in the presence of sandstones and soils. The 
implementation of the solid viscoelastic effects in the theory of poroelasticity was first 
introduced by Biot (Biot, 1956). The viscoelastic deformations in solid skeleton of poroelastic 
media may be accounted through the use of correspondence principle. Because the complexity 
of the inertial viscosity and mechanical coupling in porous media most transient response 
problems can only be solved via numerical methods. Classical formulations for BIE method 
with their discretized realization and traditional BEM are successful approaches for solving 
three-dimensional problem (Ugodchikov, 1986). A study of wave propagation in a 
poroviscoelastic halfspace was previously presented by Igumnov L.A. (Igumnov, 2017). 

 

GOVERNING EQUATION AND NUMERICAL METHOD 

The set of differential equations of poroelasticity for displacements iu and pore pressure p in 

Laplace domain (s - transform parameter) take the following form (Schanz, 2001):  
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where KG,  - material constant from elasticity, φ  - porosity, k - permeability, α  - Biot’s 

effective stress coefficient, fa ρ,ρρ,  - bulk, apparent mass and fluid densities respectively, 

a,Fi  - bulk body forces per unit volume. 

Poroviscoelastic solution is obtained from poroelastic solution by means of the elastic-

viscoelastic correspondence principle. Kelvin-Voigt model is applied to skeleton moduli: 
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Integral representation and BIE with integral Laplace transform are used. Fundamental and 

singular solutions are considered in term of singularity isolation. The numerical scheme is 

based on the Green-Betty-Somilliana formula. Regularized BIE are considered in order to 

introduce BE discretization (Ugodchikov, 1986). The problem is solved in Laplace domain. 

Modified Durbin’s method (Durbin, 1974) is used to obtain solution in time domain. 
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Numerical example of a sandstone layer on a soil foundation under vertical load is 

considered. Viscoelastic model parameter influence on dynamic responses of boundary 

functions is studied. The comparison of transient responses for displacements and pore 

pressure are presented. 
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