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(a) Random packing of multi-size particles
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(b) Shear velocity distribution of granular materials

B 1 Bieobhel M G HE SR B 56
Fig.1 Initial packing and velocity distribution of granular

materials
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Table 1 Main computational parameters in the DEM

simulation of granular materials

Symbol Definition Values

D mean particle diameter 0.01m
Dmax maximum particle diameter 0.011m
Dy,  minimum particle diameter 0.009m
1.0x103kg/m?
01lm x 0.1m X 0.1m
1.0x10%N/m
0.01 ~ 0.74
1.0 ~ 1.0x106 s~
0.0, 0.1, 0.5, 1.0

p particle density
axbxc computational domain
K, mean particle stiffness
C  concentration
¥ shear rate

u friction coefficient

e coeflicient of restitution 0.1, 0.7, 1.0
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Fig.2 Dimensionless mucro-stress versus shear race under various concentrations of granular materials
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Fig.3 Distribution of dimensionless macro-stress under various concentrations and shear rates
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Fig.4 Effective friction coefficients under various concentrations and shear rates of granular materials
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Fig.5 Net contact time number m/ under various concentrations and shear rates
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Fig.6 Distribution characteristics of granular cluster under various concentrations and shear rates
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THE QUASI-SOLID-LIQUID PHASE TRANSITION OF NON-UNIFORM
GRANULAR MATERIALS AND THEIR CONSTITUTIVE EQUATION Y

Ji Shunying?
(State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116023, China)

Abstract Granular materials can be regarded neither as solid media, nor as liqui¢ ruedia, but behave as
solid or liquid media under some conditions, and even there is 2 quasi-solid-liquid phase transision. Granular
materials can be modeled with a plastic constitutive model or the kiuetic theory of molecular dynamics in the
quasi-static or fast flow state, respectively. However, in the quasi-solid-liguid phase transition, how to build the
constitutive model is still an open problem To develop an effective constitutive model for granular materials
in the phase transition, the basic dynamic characteristics of granular materials should be determined in details.
In this study, a simple shear tlow of granular materials is simulated with a 3D discrete element model (DEM)
in various concentrations and shear rates, and the phase transition between fast flow and quasi-static flow is
obtained. Since the granular materials are normally of various sizes under natural conditions, the particles of
granular flow modeled here are in a multi-size state. Based on the simulated results, it is found that the macro-
stress is independent of shear rate in the solid phase, and is a linear function of the square of the shear rate in
the liquid phase. In the quasi-solid-liquid phase transition, the macro-stress shows a complex correlation with
the shear rate. Based on the simulated variables of macro-stress, contact time number, coordination number,
and particle number of clusters, etc., the basic characteristics of granular materials in the phase transition are
analyzed in details. The effective friction coefficient, net contact time number and coordination number at some
medium concentrations can be treated as the phase transition point. Adopting various friction and restitution
coefficients, the granular systems still have apparent quasi-solid-liquid phase transition, but their transition
points are different.

Based on the dynamic behaviors of granular materials in different phases, especially from the relationship
between macro-stress and shear rate, an exponential constitutive model for multi-size granular materials is
developed, and some parameters are determined based on the simulation data. With the physical experimental
results measured in a shear cell, the form of this constitutive model, i.e. the relationship between macro-stress

and shear rate in different flow states, is validated.

Key words multi-size granular materials, quasi-solid-liquid phase transition, constitutive equation, coordi-

nation number, contact time number
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