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Understanding of mechanical responses of particulate systems is crucial to

engineering technology. Applying deformations to particulate systems, one observes that constituents

are rearranged. Such rearrangements are spatially correlated and thus the mechanical response
cannot be determined by the deformation at the same place. In this research project, we proposed a
non-local description of the mechanical response of particulate systems. Employing molecular
dynamics simulations, we have numerically analyzed spatial correlations between the particles as
well as their dynamics at a microscopic scale. We have measured the viscosity and implemented it to
the non-local description. Our method succeeded in reproducing velocity profiles of the Kolmogorov
flows. We also studied the stress relaxation, sound properties, plastic deformations, diffusion, and

avalanche of particulate systems and concluded that microscopic dynamics of the particles play a
significant role.
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