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ABSTRACT

Geo-materials such as soils and rocks can be sg¢ehfis an aggregate of identical particles.
Their mechanical properties are of great intemeshany industrial applications. In particular,
the shearing of an assembly of particles betweanm plates is an idealized analogue to
faulting processes in the Earth’s crust.

A geometrical description for granular medium i©wh in Fig.1. It is assumed that the
micro-structural deformation in granular materiads the effect of sliding contact. The
movement of a single particle in the assembly @arse changes in void fraction and contact
force distribution. In addition, the asymmetric tamt force distribution around a particle can
induce micro-rotation.

Figure 1 Granular packing

For a particle sited inside an aggregate, its nsmoqoic behaviour exhibits the features of
Cosserat’s continuum. Based on the energy-baséultaef of effective properties, we have
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where F, is contact stresses antli, is relative displacementg; is the symmetric stain
conjugate to the symmetric stress,; yj;; = €& is the anti-symmetric part of strain conjugate to
the anti-symmetric stresgy;;, andk; is the curvature conjugate to the couple stregses

In addition, the contact force distribution is asgal to be symmetric to a directegctorm,
which presents the direction of force chain at plaeticle level. Furthermore, the tangential

contact stress is linear to the tangential displeeze. We can found the work done by the
contact force for a single particle as follows [1]:
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whereP is the hydrostatic stress related to pore presgure the slope between tangential force and
displacementy/, is the particle rotation.

Based on thermodynamics theory, we can constrecateraged stress-strain relations and
two evolution equations for the director vector a&hd void fraction. The details for their
expressions can be found in the previous study [1].

Figure 2: An ideal densely packed assembly of idehtircular particles under simple shear: (ajtLef
in its initial state and (b) Right: in a dilatecist

Consider the shearing of an ideal granular packirfgig. 2. For any small angular incremeghy , the
director can be determined by the shear strainlksiis

dm, = -2m,de,, (3)
In addition, the void fraction is controlled by

df = %dglz @)
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If the director angle varies fronvt/6 to 71/6, the dilatation in the vertical direction anck tiinear
shear stress and strain relation are providedgs. B and 4, respectively.

0.7

0.14 0.6

012 05

0.4

E22

o

o

8
1,/ K

0.3

0.2

0.1

0.00 0.0
0.0 0.2 0.4 0.6 0.8 1.0 12 0.0 0.2 0.4 0.6 0.8 1.0 12

14 Y
Figure 3: Vertical strain Figure 4: Shear stress
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