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Understanding the micro-mechanism of wave propagati wet granular media such as soils
is the first step toward predicting and then mimzimg earthquake damage.

Granulammaterials are complex mulparticle ensembleghat interact and move under
Newton’s laws. In order to understand and predieirtmacroscopic physical behavior, the
interactions at the level of individual grains mbst analyzed. Such an analysis was carried
out using the Discrete Element Method (DEM). Hextitieory was applied to calculate the
normal elastic contact of spherical particles, #rel Mindlin-Deresiewicz theory provided a
solution for a tangential direction.

In the case of saturated soil, the pore spacesa@rletely filled with water. The water
motion was described by Navier-Stokes equationsaafapn-compressible viscous fluid and
modeled by the Marker And Cell (MAC) method, whictethod works well for time and
space transient flows. This is important in theecaEsmall pore spaces in which a laminar
flow can easily transform into a turbulent flow bese of the smallness of streamlined
bodies. The coupling of two methods is organizedspgcial boundary conditions. No-slip
and no-penetration conditions were applied to MAgllsclocated around each particle. The
drag and buoyancy forces acting on the particleee vdetermined by integrating viscous
stress and pressure fluid tensors. The externatdsoy conditions were taken up from the
natural condition of soil samples encountered angtar materials. The simulations took into
account the pressure of the upper soil layers egppio the top of the sample, and non-
reflection (or periodic) conditions were appliediie others side.

A crossing of the p-waves (pressure primary wagesl)the s-waves (shear secondary waves)
was studied on a virtual sample. Simulations of pagticle trajectories, speed, energy
dissipation associated with thepore pressure amd\elocity are presented.

The simulations were carried out with a virtual deddory named SiGran, developed at
Hydro-Québec’s research institute (IREQ). The cisdeulk-parallel and can be run on GPU
devices. SiGran has been tested on many real aatetical problems. In this study,

numerical results are compared to published expariah [1] ones for elliptical particles

subjected to oscillations.
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