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Fig. 1. The sketch of experimental setup.
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Table 1. The major parameters about the particles.
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Fig. 2. (color online) The vertical and horizontal pressure as the function of time: (a—d) The mixed

grains; (e-h) The single grain.
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Abstract

Granular material is a kind of soft condensed matter, which gathers up a large number of particles, and the
relation between its microstructure and macroscopic mechanical properties is very complex. In this paper, the lateral
stress distribution of the two-dimensional vertically stacked lattice of granular material under a pressure in the vertical
direction has been investigated experimentally. The steering behavior of the vertical pressure in a granular system is
discussed and analyzed in detail based on the experimental results. Results show that in the process of slow compression,
the vertical pressure increases slowly in a nonlinear form at first and gradually transforms into a linear increase. This
phenomenon corresponds to the dynamic processes of friction-slip-extrusion. This kind of behavior is more significant in
the particle system of the same size. In the initial stage of pressing, the vertical force of the stepping motor is mainly used
to overcome the friction between the particles and the sliding friction between the particle and the wall. As the friction in
the granular system is related to the geometry of the particulate deposits, the material of particles, the roughness of the
wall surface, and other relevant factors, the front-end of vertical pressure displays nonlinear characteristics. Continuing
the squeeze and push forward, a force chain is formed among particles through self-organization. The vertical force is
mainly used to overcome the elastic pressing force between the particles and the force to the wall, so later on the vertical
pressure performs linear growth. For the system of particles with an established packed structure, the vertical pressure
applied in the vertical direction steers along the force chain between the particles, and the value of horizontal pressure is
different at different stacking heights. That is, the pressure in the middle is greater than that at the top and the bottom.
The saturated value of steering coefficient k& decreases with the stacking angle 6. As the stacking angle increases, the
vertical component of the stress becomes more pronounced than its horizontal component. The expression of steering
coefficients against stacking angle has been obtained through careful analysis of the geometrical structure and the force

distribution of the granular pile, and the theoretical value fit well with the experimental results.

Keywords: granular material, geometric structure, lateral pressure, steering coefficient
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