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Figure 1: Comparison of particle size distributions for DEM model and Fontainebleau sand
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Figure2: A schematic of the direct shear box simulated in PFC 2P
g -3 ool A0 e (30 Ble Glalo3l (U 5 11 B ) 5,80 gl yial )y s po sl gl S 01,8 Jsbo o
955 Sl yally g pems i (S (S e Fh GBI 5 ez GRS (58 l0gel ceree (B (sla a3l 1 plaS e sl
gl b g W peak SSlas glusldgly g @ loailedl A3l SKasl 4yl ‘¢peak Sl Al SKasl aygly Jols
Sl 1y eliitih ale aalojl ol Bl s Pros Proae 2olio (5 S2055 45 5,800 slo ol ly atss (gl 50 i
iloas ools (las v Jaaz ;o by salily cpl asaud ST e g jlwans sl 6l ol 9,500 slo il lgiedy cais S
Lo g5l 5 030Rusls 130 955c0n (sloyialyly ) Jgr

Table 1: Micro parameters.used in simulations
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Figure 3: Variations of a) shear stress b) volumetric strain versus shear strain in DEM simulation
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Table 2: Comparision of experimental and numerical macro parameters for Fontainbleau sand
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Figure 5: Variations of shear stress versus shear strain for soils a) VD, b) MD, and c) SD
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Figure 6: Effect of particles shape on shear stress-strain curve (soil MD and normal stress of 100 kPa)
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Figure 7: variations of volumetric strain versus shear strain for soils a) VD, b) MD, and ¢) SD
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Figure 8: Effect of particles shape on volumetric strain- shear strain curve (soil MD and normal stress of 100 kPa)
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Comparing the Behavior of Dense Sandy Soils Inside
and Outside the Shear Band in the Direct Shear Test
Using the Two-dimensional Discrete Element Method
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ABSTRACT
Shear banding is one of the mast significant behavioral characteristics of granular soils, which is actually the

result of the localization of deformations under loads applied to the soil sample. Many studies have been
conducted on the phenomenon of shear,bandformation. However, the comparison of the behavior of soil inside
and outside the shear band has received less attention: The purpose of this study is to compare the behavior of
soil inside and outside the shear band in the direct'shear test at macro and micro scales using the two-dimensional
discrete element method. To achieve this, the micro-material parameters were first calibrated through the
comparison of simulation and experimental results. Then a parametric study was conducted by performing 9
direct shear tests with different vertical stresses on three soil.samples with different relative densities. During the
tests, quantities such as shear stress, porosity, particle rotation,/coordination number, and interparticle plastic
energy were measured both inside and outside the shear band. Theresults of the present study showed that the
particle rotations at the end of the test inside the shear band were 5 to 17 times higher than those outside the
shear band. Furthermore, the results showed that the dissipated energies at the end of the test inside the shear
band were 12 to 96 times larger than those outside the shear band. Moreover, it was found that the coordination

numbers at the end of the test inside the shear band were on average 3-19% lesser‘than.those outside it.

KEYWORDS
Direct shear test, discrete element method, sandy soil, inside and outside of the shear band, PFC?P.
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