Laboratory and numerical investigation of the direct shear box test
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ABSTRACT

In agriculture, food, chemical, plastic and pharmaceutical industries for designing and operating
machines, it is essential to determine the mechanical parameters of the processed granular materials.
In most cases, these characteristics are the internal friction angle, the contact cohesion developed by
the surface moisture and the apparent cohesion occurred by the shape of the granular material. Further
physical quantities are required to characterize the motion state of the particles, which were determined
by laboratory measurements in this study. We used hulled millet for the measurements because its
geometric shape can be modeled as sphere in the numerical investigations with good approximation.
The porosity, the particle and bulk density of the hulled millet were determined by means of an air
pycnometer in case of several moisture content. Using laboratory direct shear box test, under standard
conditions, the shear strength of the cohesive liquid bridges and the internal friction angle in the bulk
were determined. The results obtained were used for input parameters of a discrete element model.

Nowadays, the discrete element method (DEM) is the most applicable numerical method for examining
the movement of a given bulk of grains. The essence of DEM is that the entire bulk is made from
discrete particles, which have micromechanical setting parameters in the inter particle connections.
The aim of this research was to determine these micromechanical parameters by simulation, based on
the macromechanical results of the hulled millet bulk during laboratory measurements.

DEM numerical simulations were carried out using cohesive-frictional contact model. After
developing the model of the direct shear box test and using the macromechanical parameters obtained
from the laboratory measurements, micromechanical parameters were determined. These were the
rolling and twisting resistance coefficients and the normal and shear strengths of the cohesive bonds
depending on the moisture content of the material.
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