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Fig. 1. The bi-disperse packing structure of granular

system at J point.
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Table 1. The major parameters

used in the simulation.
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Fig. 2. Pressure versus packing fraction for bi-disperse

granular systems.
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Fig. 3. Average contact number at J point versus the
percentage of larger particles for different particles-

radius ratio.
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Fig. 4. packing fraction at J point versus the per-
centage of larger particles for different particles-radius

ratio.
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J point versus the percentage of larger particles for

different particles-radius ratio.
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Abstract

A jammed state is a common phenomenon in complex granular systems, in which the relationship between the
mechanical properties and the geometric structures is very complicated. The critical jammed state in a two-dimensional
particle system is studied by numerical simulation. The system is composed of 2050 particles with two different radii,
whose distribution is random. Initially the particles with a smaller radius are of a looser distribution in the given space.
When the radius increases, a transition from the looser state to the jammed state happens. The particle dimension-radius
ratio A and the percentage of large particles kg play primary roles in this system, which are discussed in detail based on
the statistical analysis of the average contact number, packing fraction, and contact type. By analyzing the relationship
between pressure and packing fraction of the granular system, the critical jammed point for the applied pressure to
the boundary can be found. Numerical simulation result shows that no obvious connection exists between the average
contact number and the percentage of large particles for the case that the particle dimension-radius ratio is less than
1.4. The average contact number approximate to 4 when A = 1.4, which is consistent with previous conclusions. The
average contact number first decreases and then increases when the percentage of large particles become larger in the case
A > 1.4. A minimum value ¢c = 0.84 is obtained when kg = 0.5. When the percentage of large particles increases, the
critical packing fraction decreases first and then increases in the case A < 1.8, but it almost keeps constant for A > 1.8.
When the percentage of large particles is close to either 0% or 100%, the granular system is approximately mono-disperse.
In this case, the average contact number and packing fraction become constant. When the percentage is close to 50%,
the critical average contact number decreases all the time with larger particles-radius ratio, while the critical packing
fraction decreases first and then increases. The percentage of large-small contact type is also discussed. The value varies
following a quadratic function with the increase of the percentage of large particles, while the particles-radius ratio has
slight impact on this variation. Specifically, we have calculated the percentage of large-small contact type based on
probabilistic method, and the result agrees well with the simulation results. We give the reason why previous researchers
studied the case of A = 1.4 : 1 and kg = 0.5 on the basis of results in this paper, and find that the values of A and kg

have no influence on the power-law relation around the critical jammed state.

Keywords: jammed state, average contact number, packing fraction, contact type
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