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Modelling and simulation of granular materials

The study of shearing of granular materials has a long history due to their practical importance. There exists a number of both macroscopic and mesoscopic theories to describe the behaviour in a most precise and general way. Unfortunately, most of these models are very specific, and a general theory is still lacking. Maybe the most ambitious area of investigation, where still no generally accepted theory exists, is the continuous, quasi-stationary shear. In this work we deal with this case.
During the quasi-static shear the stress in the material is slowly increasing and finally gets released in a shear band. The shear band is not a quasi-static process, since it happens suddenly and is a fast process which has a strong influence on the local properties of the material and through this on the position of the next shear band. There are different tries [1] [2] to model this self-organized process, but here we will choose a novel, simple one.
The essence of our model is that the position of the shear band is found by a minimization process [3] [4], and the event locally modifies the structure of the material and we search for the new position of the shear band in this modified structure. We show that the presented mesoscopic model in the case of two-dimensional simple shear is equal to the Bak-Sneppen model of evolution [5]. We also show that in function of the friction coefficient of the wall we have two different solutions: one scaling with the system size, and another which is local. We also studied the distribution of the distances between successive shear band positions and we verified the results using molecular dynamics simulations.
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