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DEM analysis of mechanism and evolution of horizontal soil arching
between piles in sand slopes
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Abstract: The non-continuous retaining structures such as anti-slide piles rely on the soil arching effects to provide support
safely and economically in slope engineering. Considering the significant differences in the mechanical properties of sands, to
reveal the mechanism and evolution patterns of horizontal soil arching between piles in sand slopes, the discrete element
method (DEM) is used to simulate the formation process of horizontal soil arching. On the basis of the traditional force chain
analysis, it is proposed to study the formation process of soil arching by screening high stress particles. Furthermore, the
analysis of the soil arching effects under different conditions from a microscopic point of view is conducted to reveal the
evolution process of “stress arching” and “displacement arching”. The results demonstrate that the dynamic evolution of
horizontal arching in both dense and loose sands can be divided into three evolutionary stages, corresponding to the shear
behaviors of the two sands, i.e., strain softening and strain hardening phenomena, which reveals the evolution patterns of the soil
arching effects in the sand slopes. Additionally, the influences of macro-micro DEM simulation parameters on the arching process
and performance are discussed. The results indicate that the arching span has the greatest impact on the load transfer efficiency.
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Fig. 1 Procedure of multi-layer method for generating specimen
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Table 1 Mesoscopic parameters of DEM model
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Fig. 2 Shear behaviours of sands under confining stress of 50 kPa
and parameter calibration
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Fig. 3 Simplified schematic diagram of soil arching from

three-dimensional to plane strain model
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Fig. 4 Simplified two-dimensional soil arching model
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Fig. 8 Stress redistribution and particle displacement during

formation of soil arching

ET KRS o, BT REFIN T o, ERER M+
HATE RS RE, eI g Lo, At — DUt
POV 5 IMEALRS 1) 5% &, BAKINIE 9 Fr s o /E 4=0.2a
I, F K o EELEVN, EEEABE, TS LT
KBNS 24 4=0.6a F1 A=a B, ZEHSFRIH
BEMEEIGIRIFIRE, WIED T CLILAR
JE ML HEEER, TAARS WITA6B 0 I gy el . B
INEAL AL FRBEHE N, WAEZ - A BRI, EHIAE
R LRI K TR 4=2a B, BRI E W o, 33
G PTHE R, AR 7 ATRHE RN, R I A%
HRCRFEARRIFAE , CETE AR E A7 AL 45 1

20 oy < ——A=0.2a 20 —— A=0.2a
QY % -0-A=0.6a -0 - A=0.6a
v & V—A4=a —v— A=a
b % o A=2a —— A=2a
15+ Qv Y 15+
RN
Q% N S
£ RS £ %
< N ] G} ;
& 10 a g Q {a\g 10 ¢
= % ] e <
oA 4 ¢
v 0 K
oW o
5 OV 0T S5r
o
gy ¢
§5 v ¢ s A
oy ¢ Hp LN
0 55 110 165 220 275 0 55 110 165 220 275
R SI1E/Pa B FI{E/kPa

9 TREMEBALFBESIEE DL L 0 5375

Fig. 9 Distribution of ox along midline of arching span at different

loading displacements

JE B NSRS o, KIS ATEAFAARLL, (HPE
WA tE IR AL AN . B 9 e DL HY, B DA e
E— B BUE I B B P 0IELL BLE 8 em A, TTAA D
WIFE 11 em 4o 2T o, BUEEALE, W AR 44,
R, RIS & 2. 4ia Eoodd &M
VAL vk iipaY i P NP N St Ai 7 & K (e o/ G G nt 713
) L PR JE R AR AR . RT,  HBER R TR AN
AR AL S, A TIRA N 18
2.4 EMFHSEAK

R TR EUA ) A P I EE T TB, EE R



1748 "+ T OB % M

I PR R TR B At AT G- A 1 . BT Rb Rk
B A AR A B0 A P S A R 4 A Y5 A R A 5 L
W 5 e AR TR 2 IR O, AT DS I B A 2H A4 1 A8
R FRAE ARG 1 TN et e 4 A
BRI E R EAE S, DM 5° NIRRT HER
Bro MIE 10 WJLUE Y, SHPAIRARSE 4=0 B9340
BRI RNES, BB MBS ENS. 4
A=2a B}, I fl R AR e m] WAL R,
PR ARNE T 35 D R N R 70 5 1A B T 2R ABL
P AR, (AW KANATE R —E. HA T REY R
B fl g ) RO /N R AR AL, TR R T K+
BERIAE FALEE

120 at 60 —i=(2)a
S I =
Ppee L

s
j .30

L. >
240 L7300
270

g
10 ZERSMREYAEE @514

Fig. 10 Fabric anisotropy of dense and loose sands
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