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Experimental and numerical analysis of rainfall infiltration on

slopes considering gravel shape
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Abstract: In order to study the influence of gravel shape on the stability and deformation damage characteristics
of gravel-bearing granite residual soil slopes under rainfall conditions, the macroscopic vertical displacement and
deformation damage of slopes as well as the change of wetting front were comparatively analyzed by carrying
out rainfall slope modeling test and combining with the numerical simulation of CFD-DEM to analyze the

developmental pattern of displacement field and sliding surface, the fine-scale contact force chain, coordination
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number, and group structure anisotropy. The results show that: the safety coefficient of slopes containing
rounded gravel is the smallest and that of slopes containing angular gravel is the largest. With the increase of
precipitation time from O to 3 hours, the safety coefficients of slopes containing rounded gravel, pebble gravel
and angular gravel decrease by 40%, 33% and 32% , respectively, and the degree of influence by rainfall is in
descending order of rounded gravel, pebble gravel and angular gravel slopes. With the increase of the aspect
ratio and prism angle, the embedded occlusion effect of gravel is gradually enhanced, and the three damage
modes of circular arc damage, toothed arc damage, and offset damage appear in the corresponding slopes in
descending order; after the slope’s destabilization and failure, the strong contact force chains of the rounded
gravel-containing, pebble gravel-containing, and angular gravel-containing slopes are characterized by
intertwined, weak continuity, and unevenness distribution; with the increase of the aspect ratio and prism angle
of the gravels, the extent of the contact anisotropy of rounded gravel-containing, pebble gravel-containing and
angular gravel-containing slopes is gradually increased.

Keywords: rainfall infiltration; slope stability; granite residual soil; gravel shape; displacement field; sliding

surface
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Fig. 1 Schematic diagram of the indoor model test
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Fig. 2 Gradation curve of the sample

1.1.2 &KE&EFZE
R AR 5 1920 5 75 6 181 2 90 E /9 35 ik
P AR e H o3 2 SRR B T o 52 1 O s A
TR LY 5 om, #5645 2 AR A TSRO ]
Il A0 R 2R 2 X I RS E MR R o g AR
TR I PR 4 2 8 g HR 47 T T R AR
BURE R 25 52, % B R R i AT IS S AR R . TR

(b) HR#R

B3 fik5inek
Fig. 3 Angular gravel and pebble gravel
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Fig.4 Sensor embedding diagram
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Fig.5 Schematic diagram of randomized block

generation and computation
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Fig. 6 Comparison of image and specimen
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Fig.7 Schematic diagram of slope model
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Table 1 Microscopic parameter values of gravel-bearing granite residual soil particles
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simulation results under normal static loading
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Fig. 9 Comparison of indoor test and discrete

element simulation
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damage results

IOy Ak 1 6 o) 07 B 0 A% A R 3 2o fish i 7E AR
TS 56 AH ] A9 0507 15 A7 18 ) 457 A% W T . 50 {1 A 40
5 RERI S 1) 2 O AR B e 1 S B 7E 1. 0~2. 5 h N
M IE G 1K, IEAE 2.5 hi I 3R B T i
B 3 A MR BV RS VS I 8RS R VR R R S
B o 5 Bk B G 8 1) 37 A% i 2 AE 2. 0 h AT R
% 1F 2. 0~2. 5 h A5 78 X 50 B I iy Hh 90— 2 1y 14
K TE 2. 5~3. 0 hiF B i 3 01 16 th B B 5 4, 8K
(B 0L 5 455 A0 3 56 11 3% ) 97 B PR L T

p o [ABRALAE "
— BRI
. v RBRIRIGAE
£ FARRBLLIE
8t
i:_‘
=
2
2k
o R — : - .
0 0.5 1.0 15 20 25 3.0
15 1)/h
11 TR FR &b 2w A # 2 4k 33 b &

Fig. 11 Comparison of changes in vertical displacement at

the top corner of the slope
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Fig. 12 Diagram of slope energy changes
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Fig. 13 Variation of factor of safety for slopes with

different rainfall durations
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soil slopes with different gravel shapes
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gravels with different shapes
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Fig. 20 Distribution of gravel contact configurations with different shapes
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