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We apply the Discrete Element Method (DEM) to explore the highly nonlinear dynamics of a granular bed when
exposed to stress conditions comparable to warm-based subglacial environments.

As a method of validation of the simulated macromechanical behavior, and as a calibration benchmark, we
compare results from successive laboratory ring-shear experiments on simple granular materials to results from
similar numerical experiments. Overall, there is good agreement between the geotechnical behavior of the
materials in the analogue and numerical experiments, and materials deform by an elasto-plastic rheology under
the applied effective normal stress and shear velocity.

By using the numerical approach it is possible to make a detailed analysis of the material dynamics and
shear zone development during progressive shear strain. By visualizing the particles according to the sum of
contact forces exerted onto them, the geometry of the heterogeneous stress network is visible in the form of
force-carrying grain bridges and adjacent, volumetrically dominant, inactive zones. We demonstrate how the shear
zone thickness and dilation is dependent on the effective deviatoric normal stress, where higher stresses mobilize
material to greater depths.

The data-parallel nature of the basic DEM formulation makes the problem ideal for utilizing the high arith-
metic potential of modern general-purpose GPU’s. Using the Nvidia Cuda C toolkit, the algorithm is formulated
for spherical particles in three dimensions with a linear-elastic soft-body contact model.


