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Three-dimensional soil arching effect considering the influence of

soil gravity stress on anti-slide pile
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(1. Anhui Transportation Holding Group Co. , Ltd. , Hefei 230088, China;
2. Faculty of Engineering, China University of Geosciences, Wuhan 430074 ,China)

Abstract: Based on Prandtl-Reissner’s theory of ultimate bearing capacity of foundation, a new mechanical analysis
model of soil arch effect is established, and the assumption of failure surface of arch foot is improved. The research
shows that the self-weight stress is the main factor that causes the soil arching effect failure. When the soil is below
the critical depth, the arch foot is damaged by the soil’s dilatancy effect, and when the soil is above the critical
depth, the arch foot fails due to the shear damage of the soil. The results are consistent with the results of
ABAQUS finite element numerical simulation and laboratory model test. In the three-dimensional state, within a
certain depth from the surface of the pile top, the vertical displacement of the soil at the arch foot will destroy the
arch foot, and the soil arch effect will be weakened. A certain depth below this will be the favorable depth formed
by the soil arch effect, and the self-weight stress at the depth of the favorable depth will play a dominant role in the
soil arch failure. A new idea is proposed to solve the failure surface of arch foot according to the friction coefficient
of pile and soil, which provides a theoretical reference for the resistance design of anti-slide pile.

Key words: soil arching effect; three directional stress state; theoretical model; numerical simulation; model test
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Fig. 1 sketch of force analysis of soil arching

R 15 B AL Al 27 R
_qL? _qL
Fz_gf’ Fy_2 (3)
_ 2 _ qlL
Fﬁ}imi%inﬁ (4

Hop: ¢ hBYEHMEE; L OAEmE; /o8t
Faich 85 Jr; F. o F, 5000 5 J14EKFJ7 1)
5% HTT0 5.

HAGB) . (N2 KRB o1y 02, TETELB
LB /NI = T ot , i 2 FroR, Hd AC R
BRI, ACAHMEL T 5 « fhide ik 0, mIAR
MELBEREE, HT «, vy rmhEN T
W, Fh—0=—0=0, T2 ACHLH

B2 BEESORE N ARKE

Fig. 2 Stress state of arch foot failure surface
1 1
612*?(0‘2+61)+?(O‘27(71)C052@ (5)

T12:%(0'1*62)5in26 (6)

HRABPTRIY 01, 0o, BESL(5), (6)RKEIAR
AC BESR TR L 09 TERE 7 5 VIR J7, AT ML 4 19 4
AR TR 4 SV S R SR Hh R 0
S T 0 £ B D) B
2 IHMN=HEERERNET

FT bR RS T Y BRI o B ST 4



512 ok

wWoR Bk

%% RAKFRER) %03 %

N =4 Sy 2SR AR R T ) BRI E 4. 1
+ik, FEREMANZ 2R = A2 E X O B
BN S TR B 5T, SR oAk B 82 = AN J7 1] (1)
T3 H ey o1\ oo, BEJPARZSIE 3 PR,

3 MR L EA O AR

Fig. 3 Stress state of wedge-shaped soil column

center at pile end

% 18 ROV Y = 25 8] in) USR5 B L HE T E
WAL, BTt R BT A, HX A

U /KPa, TERIE = IR AIE d=, 0
Fo=VFTF =354 (M
o1 =02 — ZFZmd(;OQ‘B qL Otﬁ (8)
L LR T
== (9)

Hoy B = A B E 7 ) AR
2.1 ZEREARET L H00 5 RN
= 0] AR T AT R L A P BB R R AR

187 LIS 08 7 TR sl (I R I N D A
Frit iz W 18] RS K- FE AR i IR v U, B Drucker-
Prager i IR N .
al, /T, =F (10)
Hop o, & J& Drucker-Prager B3R 2240, HAEH S+
HIFER I ¢ RN ER o K.
11201+62+O} (11)
>:g(d%+O‘§+6£_6162_626:_616:) (12)
B () (DAL, (12)1%
o 2qL
Il—yZ—i—btanIB (13)
J.=5 (6 —0.)" (14)
Bar(10), (13), (14)4%
o 2qL 0\ V3| gL | -
(szrbtanﬂ)JrS btanp }/z‘—k (15)

2.2 ZEMARSETHBBEER S0
H(15) 2] %0 .

\ qL >~ . 3 L 5
(1)J:llbtan‘8/7z i, R IXHRYE Drucker-Prager

F)? %‘E’]llm?i{ﬂ(fﬁ:j] 20, *1%"

ki(Z(x‘Fj) (IL
o= ?;) btanp (16)
@*3%
=0 = bta ﬁ 32 EZ_L, N 2, {WELEE%
e, BIEE 0<<e<<zo IREEEZ, =M IRETH L

BERL JE T A FNR B, 322k B9 K 380 i I8 - 4t
ROV, AT B B, TE 2 <2<

SRR, LB AR T R %
hy tanf

o o = g g T MR RA FAE

TR B B R AN BETE sl bt T 2 13 R 2R L,
TR AR PR IER.

(3)%-9E o py,

btanp
3\ _qL
k 20—
o ( i>/}tanﬂ (17)
(aJr?)V
FHo=o = /)tan[9<2 WAL, N oz (WEL g}
e, B gL <:<z WEE, HERNARNT L

Iyt ng
B ITE R, (HAE =0 <<z<TcoiREEBL, LHUV M
B EER A ER T, Eﬁti%ﬁﬁ&ﬁiﬁﬁﬁﬁtﬂiﬂ

E@Eﬁ%@ﬁigﬂ’ﬁ}ﬂ, %‘0'1 02 /[ ":8 TBZ_L,
W) =i )37 7R 2SR AE L co TR B B H N 7%

byt ﬂ
PUHE B IR E SR, LU AR K.
2.3 ZARARETEHBREHSH

T BERON BT B AT S ()RR, B A

MO LIRS 00 15 o T B A2
0o g BEAEF BN

%Jﬁﬁifﬁﬂﬁﬁ’ﬂﬁ MR 2. 3 By Fral s, 7EH
TR ST E SR T T i 1R ) A R R B

Ie*(zmtf) ok b= (2002 )2

btanp . 3 /btanf
(a*@)?’ (a"‘@))’

(18)

TEMR E B 2 b, LA 1) L s 30 1) 3
RN, TER R R 2T, AR A g
BB SR R T AN, R HEHOM ARETE . TR
SEBRep, R A I 2 O T BEDY e A T



LR B4, S Bk B E R R R B HTIR E = 4l e 013

SR B .
3 TN =EHEEUGR

FF =0 Y IR T R3O B BT, 2
H ABAQUS %} +HERW 4T = 4 BUE B 5T
3.1 ZHBFRTEBNEL

ZIEELPRIROL, FE 8 A PR TR B I A 5
JEMERT LB R, AR K EEE Sy o, BEBEEE
LER S5 m, MEHAPFE LBV AE = 5 L8
Ak, R B IR EE N 15 m, WK 4 PR,
T SRR RINE T = A A X2 SRR

BEBO R FRIFAE , BERLR AT « J7 10 43 A i 2 A 1/2
BE, b EENE, T E T o J7 6] B P A T 2R «
WAL, R =4 R R HO%, S
bRl BRI, e 5 A i i D SR
PR HE M. B E7E & B HEAE ARk B
BN, EET = A LR A RLAR, 1E
7 ) 3 By b~ TR N0 A fep 3 40 kPa, % JE
BRI R0 5 1 5507 (B AE = J7 1) LA RAE, v 7
li) b 5% 30 A o 200 A0 D0 A, Gy 1) L AR A
16« J7 I b AR ML pAs, ek, Lk Ryt
Y 12 2B B LA 1.

R1 HESH
Tab. 1 Calculation Parameters
ke BPEAR R E/kPa AR B y/kN-m ° FiEI o/kPa HIEEEM ¢/
+ 1k 2% 10, 0.3 18 30 30
Ak 2X 104 0.2 21 350 35
A 2.5X10, 0.2 23 — —
S,822
1/2@ CF¥): 75%
— +4.076e-03
-5.956e—-02
-1.232¢-01
S
-~ 23141001
4k Sl
-5.050e-01
—-5.686e-01
-6.323e-01

B4 THAWHRTER

Fig. 4 Finite element model of soil arching effect
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