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Fig. 1. Granular computing iteration diagram: (a) Relationship between force and displacement; (b) theoretical computing.
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Fig. 2. The forces by particles interacting.
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Fig. 3. Diagram of normal force of granular: (a) Normal
overlap; (b) position relations.
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Fig. 4. Diagram of sliding accumulation model of loose ac-
cumulation body: (a) Three-dimensional numerical model;

(b) side of view; (c) vertical view.
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Fig. 5. Diagram large sample of single particle: (a) —Z of
view; (b) +Y of view.
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Table 1. Main computational parameters of discrete element simulation for loose granular accumulation.
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Fig. 6. Comparison of cumulative volume between experi-
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after sliding,.
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Fig. 7. Loose materials the whole process of sliding accumulation(+X view): (a) ¢ = 400 ms; (b) ¢ = 600 ms; (c) ¢ = 860 ms; (d) t =

1 000 ms; (e) t =1 200 ms; (f) ¢t = 2 000 ms; (g) accumulation process changes shape.
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Fig. 9. Influence of stone content on the accumulation form: (a) Stroke; (b) accumulation width; (¢) maximum thickness; (d) accu-

— LRREL
- - - SRS

&
s 6
g
= Jike PETER:
) PRRET PickedDatal
& W ML
o n 7.34105 + 0.04814
[ER —0.22127 + 0.00586
9 ||FEEFI 4.29534
Pearson’s r —0.97147
RFJ7(COD) 0.94376
P R T 0.9431
0 ! ! . .
0 3 6 9 12
AR 55015 %
P10 7R TR A i S T

15

Fig. 10. Static accumulation angle boundary contour ac-

quire.

# 2 AEFESMT R A R

Table 2.  Measured value of static accumulation
angle under different computing conditions.
R + X050y /(°)  -XD5Tay /(%) WtEY /(%)
30° 0% 13.58 13.46 13.52
30° 30% 12.94 13.13 13.40
30° 50% 12.48 13.32 12.90
30° 70% 12.03 11.27 11.65
45° 0% 8.25 8.21 8.23
45° 30% 6.85 7.31 7.08
45° 50% 7.28 6.92 7.10
45° 70% 7.78 7.24 7.51
65° 0% 4.17 4.28 2.23
65° 30% 4.25 4.59 2.42
65° 50% 4.26 4.89 2.58
65° 70% 4.96 4.74 2.85
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Fig. 11. Schematic diagram of volume calculation of accu-

mulation area.
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Fig. 12. Influence of different stone contents on the accumu-
lation volume at a slope of 65°.
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Fig. 13. Influence of slope on the accumulation form: (a) Stroke; (b) accumulation width; (¢) maximum thickness; (d) accumulation

area.

(a) Bf: mm (b) 1400 B mm
1200
1000
— 30° — 30°
— 45° — 45°
— 65° 600 — 65°
400
200
| ' ' ' ' | | ' ' ' h ' ' |
—800 800 —800 —400 800
() 1400 B mm (@) 1400 B mm
— 30° — 30°
— 450 — 450
— 65° — 65°
| ! ! ! ! ! ! | | ! ! ! ! ! ! |
—800 —400 0 400 800 —800 —400 0 400 800
B 14 RESEE T MR EIER  (a) & 42 0%; (b) &4 ® 30%; (c) & A& 50%; (d) & 4= 70%

Fig. 14. Plane accumulation morphology under different slope: (a) Stone content 0%; (b) stone content 30%; (c) stone content 50%;
(d) stone content 70%.
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Fig. 15. The results of the sliding accumulation simulation
of stone content 50% loose granular with different slopes:
(a) 30°% (b) 45°%; (c) 65°.
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Fig. 16. Influence of different slope of 50% stone content on

the accumulation volume.
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Fig. 17. The volume comparison of granular with different
slopes with 50% stone content: (a) 30°; (b) 45°% (c) 65°.
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(¢) 2z direction.
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Abstract

Loose materials has loose structure and is the main source of geological disasters such as collapses and
landslides. Its hazard range is greatly affected by factors such as stone content and slope. Traditional studies on
the sliding and accumulation characteristics of loose materials were mostly macro or qualitative analysis. There
is little research on the micro internal motion mechanism. In the present study, discrete element method was
used to quantitatively analyze the influence of stone content and slope variation on the characteristic values of
loose particles such as stroke, accumulation width, maximum thickness, accumulation area, accumulation
contour shape, accumulation volume, static accumulation angle and the cumulative mass. In the meanwhile, the
movement and accumulation characteristics of the loose materials during the catastrophe process were explored
from the aspect of energy and contact force of the particles, so as to reveal the interaction mechanism between
the particles. The results showed that: When the stone content increased in the range of 0 to 70%, the stroke,
accumulation width and accumulation area increased firstly and then decreased, and in the end the cumulative
mass decreased. As the slope increased from 30° to 65°, the stroke, accumulation width, accumulation area and
accumulation mass increased; the maximum thickness decreased approximately linearly, while the static
accumulation angle had a decrease similar to quadratic function. In addition, there was a critical distance L, for
the volume share of coarse and fine particles in the accumulation area. When the distance from the toe line was
L < L, the fine particles were larger than the volume of the coarse particles; when L > L., the fine particles

were smaller than the volume occupied by coarse particles.

Keywords: loose materials, accumulation characteristics, non-spherical particle, discrete element method
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