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Granular media are abundant in nature and are frequently dealt with in industry. Granular materials present a
complex mechanical response when subjected to an external load. This global response is strongly dependent on the
discrete character of the medium.

Strain localization in the form of shear bands is a common deformational feature associated with instability and
failure in granular soils undergoing drained compression. A variety of experimental techniques have been used
in past three decades to enhance understanding of strain localization phenomenon in sands, however, all of these
methods have fallen short in characterizing the evolution of the grain-scale processes that necessarily control shear
band formation and growth in sands . In the absence of an experimental means to capture the evolution of grain-scale
processes in shear bands, particulate-based numerical approaches have been used in the past. These past numerical
studies only used ideal (circular or spherical) shaped particles. The ideal-shaped particles have an inherent tendency
of rolling, which can be constrained by imposing an artificial resistance (i.e. rolling resistance at contact). However,
simulations with ideal-shaped-particles cannot study the influence of particle shape and inherent anisotropy on the
mechanical behavior and the evolution of the microstructure of the granular media. Further, the material constant used
to instill rolling resistance at contact has no clear physical meaning.

The objectives of this work was to study the mechanical behavior and evolution of the microstructure inside
the shear band in granular media consisting of non-circular shaped particles in two-dimensional discrete element
simulations of biaxial compression test. In order to include the effect of particle shape, the elliptical particles were
used. Further, the effect of interparticle friction and inherent anisotropy on the mechanical behavior of the granular
media was studied.

In the simulation of biaxial compression test, the generation of large voids and particle rotations were found
to concentrate in the shear band in a quite similar manner to those of natural granular soils. Since the shear band
formation was simulated accurately using elliptical-shaped particles without installing rolling resistance at contact, it

is obvious that the rolling resistance is attributed to the particle shape, and no artificial constraint to rolling is required



if non-circular-shaped particles are used. The evolution of the microstructure inside and outside the shear band was
studied. The particle rotation, which plays a dominant role in the development of shear bands, was influenced by the
orientation of the long axes of the particles. The orientation of the long axis of a particle influences the magnitude and
direction of its rotation irrespective of the rotation bias of shear band.

Observations were also made on the effect of interparticle friction on stress-strain behavior, shear band formation,
and evolution of the microstructure. Except at small values of interparticle friction where microscopic friction plays an
important role, the friction angle mobilized at the residual state were found independent of interparticle friction.

Numerical tests were carried out to investigate the influence of inherent anisotropy on the mechanical behavior of
granular media and the evolution of the microstructure. The evolution of the microstructure was studied inside and

outside the shear band respectively for different cases of anisotropies.
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