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Fig. 1 The schematic diagram of direct shear box
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shapes and their friction factor
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Tab.1 The porosity of assembly with different
relative densities and friction factor to form
the corresponding assembly
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Tab.2 The parameters used in numerical tests

28 BfE
UKL B/ (kg + m ) 2 600
WM E./Pa 1X 108
AL I JBE LU A B/ s 1.0
UL JEE 4 R S 0.5
R EE R S 0

BEARRIEE ko /(N s m™1) 1X10%°

2 BABERLES

2.1 HIEFLER % T B E,

B4 45T 5 A [ 5 4l 22 L il RE 7 AH 7]
WA FLBR R (ny = 0. 42) T BOE AR 40 25 5, 40 45 &
A Ca) " BY R -85 AR B B 4 (b) i LR R -5
AR SC R . B a] LU H o A )40 16 LB R
T ARE Y B I - B N AR K AL B R B N AR I
AT HE S XFF R=1.00,1.25,1. 50 F1 1. 75
TRAE , B T A T AR T B AR IR A I g N AR S i A
AR ARE A 0T 07 L B 56 i B 7 A 348 K W N B

14 = R=1.00, =042, D=31%
12 - R=1.25, ny=0.42, D~0%
10 = R-150.n-042 DY,
< - R=175, n,042, D=
£ g e R=200, ny=042, D=100%
4 vecosmecs

0 10 20 30 40 50
el%

() B T35 0 B 28 56 A 2%

= - R=1.00, n,=0.42, D=31%

-+ R=1.25, n=0.42, D~0%

03r - R=150, n,~0.42, D~18%

o R=1.75, n=0.42, D=36%

- R=2.00, n=0.42, D~100%
. .

10 20 30 40 50
&l%

(b) LB 15 99 R A48 56 7 ih 2%
B4 MEMWBILRE AR KEHZ X HF
BB R A JFLIR R 5 B R R Bk R o &

Fig. 4  The curves of shear stress and porosity against

0.2
0

shear strain of assemblies with different aspect

ratios and same initial porosity
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Fig.5 The curves of shear stress and porosity against
shear strain for R = 1.50 with different

relative densities
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strain with constant relative density
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Fig. 11 The curves of the angle of dilatancy

against shear strain for R = 1.25 with

different relative densities
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Tab.3 The ¢, ¢ and ¢, of assembly with non-spherical
particles at different relative densities
R D./% 60/ /) g/
0 24.5 24.5 0
35 31.6 24.5 12.0
1. 25
65 38.5 24.5 25.9
100 46.9 24.5 34.5
0 27.5 27.5 0
35 31.8 27.5 10.0
1.50
65 39.2 27.5 23.0
100 48. 2 27.5 33.8
0 28.8 28.8 0
35 31.9 28.8 6.8
1.75
65 39.8 28.8 21.0
100 48. 6 28.8 32.9
0 29.5 29.5 0
35 32.2 29.5 6.0
2.00
65 40. 4 29.5 20.2
100 49.6 29.5 32.0
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Analysis of effect of aspect ratio on shear strength
of granular materials based on DEM

GONG Jian, LIU Jun”

( School of Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: The clongated particles have attracted much attention from academic interests because their
particle shapes are similar to many real particles (e. g. , gravels, pills and grains). The shape of
elongated particles can be characterized by aspect ratio. Many researchers have studied the effect of
aspect ratio on shear strength of elongated particles at a constant porosity based on discrete element
method (DEM). However, the research on a constant relative density is limited. The effect of aspect
ratio on shear strength of clongated particles is studied at 0%, 35%, 65% and 100% relative density.
The constant relative density of assemblies is formed by adjusting the friction factor of particles.
Alternatively, the numerically direct shear tests at a constant porosity are also conducted in order to
compare the results with those at a constant relative density. The test results indicate that increased
aspect ratio leads to increase of the shear stress at peak state and critical state at a constant relative
density, and this trend is consistent with the result at a constant porosity. However, the increased
value of peak shear stress at a constant relative density is much smaller than that at a constant
porosity. Furthermore, the angles of internal friction of assemblies with different aspect ratios are
analyzed. It is found that increased aspect ratio leads to increase of the angle of internal friction at
critical state, whereas increased aspect ratio has relatively small influence on the angle of internal
friction at peak state. The aforementioned phenomena are explained by analyzing the dilatancy of

assemblies.

Key words: elongated particles; aspect ratio; relative density; direct shear tests; discrete element

method (DEM) ; dilatancy



