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Discrete element simulation and evolution pattern of
three-dimensional soil arching between anti-slide piles

Wang Guilin®* , Ran Longbao®. Zhang Liang*®
(a. School of Civil Engineering; b. National Joint Engineering Research Center of Geohazards Prevention in the

Reservoir Areas, Chongqing University, Chongqing 400045, P. R. China)

Abstract : Soil arching between anti-sliding piles is the interaction of horizontal soil arch and vertical friction
arch, with distinct three-dimensional characteristics. Numerical model by the particle flow code PFC* was
developed and a series of measurement balls to numerically monitor stress variations at different positions
behind the anti-slide piles were set. Combined with the displacement of numerical model balls, we analyzed
the formation process and evolution pattern of the soil arching effect were analyzed. Also the thickness of
soil arch had been studied and finally we proposed a new method to determine the its thickness was
proposed. The study shows that the soil arch initiates s from the free face near the bottom of pile and
develops to the inner and upper part of the soil, and the failure process of arch expands from the bottom of
pile to the top; The thickness of soil arch varies with depth, increasing first and then decreasing along the
bottom of pile to the top; The thickness of soil arch varies with time. As the loading stage proceeds, the
thickness of soil arch increases first and then decreases until the soil arch is destroyed.
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Fig. 1 Three-dimensional model sketch of anti-slide piles
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Table 1 Macro-parameters of cohesive filling materials
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Fig.2 Triaxial test specimen model
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Table 2 Meso-parameters of particle flow model

LA A R R 1 NN
E./Pa (ke /R A ij:jltb]
2% 10° 2.0 0.20 1.66
P BEHR L /Pa U) BEHEIR K /Pa FLBE /n /(g e m™?)
810 8% 10° 0.29 2 000

(a) THE 1000 (b) 50081

(c) HE2000H () HE400HH

2 ZHTHAEREERRE

SR FH =Bl B D AR 0L S 56 45 20 A 40 0 S 40, T
BT A 1) R RO, = A BB AR AL, BBORURL B /)N 2 AR
M0, 014 m, LA FHZY 17X 10" A BRI k7 A5 100 36 7
A IWORE B 1), AP0 R v, e X o 28 8% it K
/NI 0.01 m/s J7 ] K- Cy B 77 ) ) B 3 B e 55 40
U IR RS A AR AR R AR R
RZN 37N
2.1 THMERSXE

B AT A R R A A A A AR B R Y B
J& AR 3 oA G O] R R A IBORE 457 B8 e 1 22
SRFR HHE AL AR AT P A FE A R X
B HEROR (09 B 5T P 56 IE T B R R R i B IE
- HERON A A AT AT M . AW A PFC & fish
EE RSN E R A R R KA d, JF8 5 1k
15 S50y 2 AT I A 0K AR X B = 2 S5 (E I .

FA 25 DB B = AOT 265 o 2888 vt n oK SF- 1] )
JE . H T AR R R E L R 0 ok 2 RS 5 R
BB RCIE F o6 & . 5 100 B A (R il 22 15 B Bo)
B B B 5 Ca) (B 6 Ca) W] DL I, I 23 1 B O 4 AT
U 7 A D 1) AR SN A4 2 8% HBEE B IR B E L2 T L
5 3 SR T B0 A RS N T AR s B AR S I
23 TH A A R g ) 4 v, JURL 22 [) A LA
JIHE K A TG 2 T8 R 4 00K B 516 7™ A A X 8 K 1)
A H » A1 A 15 00 4= 44 Fhy 4 9 29 31, A8 T L
PR E HERIG S S S RS, A
PLJR B s AT 8] - A T LA A 1 BB R, 3R

(0/15~1/15)d
(1/15~2/15)d
(2/15~3/15)d
(3/15~4/15)d
(4/15~5/15)d
(5/15~6/15)d
(6/15~7/15)d
(7115~8/15)d
(8/15~9/15)d
(9/15~10/15)d
(10/15~11/15)d
(11/15~12/15)d
(12/15~13/15)d
(13/15~14/15)d
(14/15~15/15)d

-e

5 PBHRE(z=0.1 m)FALEI G

Fig. 5 Relative displacement of particles in deep part of anti-slide pile (z=0.1 m)
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Fig. 7 Displacement of particles ( timesteps=14 000 )
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Fig. 6  Relative displacement of particles on symmetrical plane (x=1 m) between anti-slide piles
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Fig. 8 Comparison of damage results between physical model

experiment and numerical simulation experiment
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Fig. 13  Stress monitoring on symmetrical plane between piles
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