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Comparison of horizontal push-pile model tests between non-beam
double-row anti-slide piles and single-row anti-slide piles

TANG Ke, ZHENG Da, CHENG Rusong
(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection ( Chengdu University of
Technology), Chengdu, Sichuan 610059, China)

Abstract: In large-scale landslide control engineering design, the selection of anti-slide pile support is a critical
design consideration. To investigate the effectiveness of double-row anti-slide piles compared to single-row
reinforcement for slopes, this study conducted comparative tests of unconnected double-row piles and single-row
piles using a large-scale physical simulation model, and the differences in slope damage modes and pile force

characteristics were analyzed in depth. The results indicate that during slope failure, single-row piles exhibit soil
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arching effects between the piles, while double-row piles form “eight”-shaped cracks due to flow around the piles,
with the rear piles experiencing bending. Both single-row and double-row piles exhibit four stages of deformation
characteristics in their pile head displacement curves: densification deformation, elastic deformation, accelerated
deformation, and plastic failure. In the accelerated deformation stage, the pile head displacement of rear piles is
approximately twice that of front piles for double-row piles, and for single-row piles, it is approximately 1.5 times
that of the front piles. Due to the “shielding effect”, the anti-slide effect of double-row piles is approximately 15%
higher than that of single-row piles. The lateral soil pressure along the pile body generally exhibits a triangular-
trapezoidal distribution, with the soil pressure behind the pile greater than that in front of the pile. Regarding pile
bending moments, both exhibit a distribution trend similar to a parabola, with the maximum moment occurring
near the sliding surface (7 cm above it). Additionally, under the same horizontal thrust, the rear pile experiences
the maximum bending moment, followed by the single-row pile, while the front pile experiences the minimum
bending moment. The presence of rear piles reduces the maximum bending moment of front piles by
approximately 27% compared to single-row piles, thus enhancing the anti-slide effect of the pile. These findings
provide guidance for the design and treatment of landslide control engineering projects.

Keywords: non-beam double-row anti-slide piles; horizontal push-pile; force characteristics; failure mode;
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1E— M B B B i TARR BT, S HEDT I AR Bl
2R, FFBR TR RORY. SR, 7 TR BR
18 R Y Ry R T I, PRSI AR AR AR TE i P
g RIPT ST, MELUA BB R 3 3R AE T Ak, Rt
SR SR NSy | E A TD N R D R Ny [
TRAR . g i, WUHET 1 B A S — ol 22 55 B A B
TSRSz 7 AR YR S5 A T A AN [
XUCHEDT 3 A RT3 2 TG 2 BUHE DT T A, 28 X0UHE
A A TC I OUUHE A, DL B B AR I 88 5 B4 AT i 24
XCHEGTHAE, 40 1T 2R AXOSCHERE A1 H A XCHERE™ . H
TG4 SR UUHEDT I A phy T 0BT 5 i TR B,
A B e B DU SO S i 2 —1

H BT, 76 1 P B, XUHESCIE AR 2] T E N
ShEF R IZ REMEAMTE . L BISHF5TJ7 10, H
RV ARE U T o A B F- B8 A0 - BE R T 1 BV
TOBCHEE AR 5 1 38 3 7 23 205 1 b 10 R A% 3 &
bSPTIR G R IR NS WA (2 S VRS B VI i DA og i
PR32 fip B i 4 F1 TS 5 IR 4R I T AT o D &
P I3 2 P8 AR T 32 o B ) v 0 393 0 353 3 0R
A BERR AR [R5 8 T A A b, SR 1
b BRI B S HE AR [ BR 2 3h 4 s i Ts
LI TR HEAE A o e D AR AR BRAR S T
A A S FE BE AN D7 1T, Xiao 217 R T4 fEL
B J7 35, WEFE T I R T A5 4 R R R S
L RR P HEAE [8] B A0 B 55 B A A R 55
U3 Sy S T I E 5T T XUHE B Y 52 0 R

f i 2Rkl ABAQUS BU{E A SR P B ik 1 4 L i (19
A HE; B R SR N ] e HERE A T 2R XL
HEAE 2 P9 B L G, A5 B [8] T80T BUHERE = M
T 3B T 23 AR AL, Iz HTEBUE AL F FLAC3D %
R R WA M . AR W B T, A Y T e
T JC 3% B XCHEC R A L P 7 3 - 383 B A Y A 1Y
IO, 45 2 1 1E— % SN A R SGHEDT I A
(4 52 3 e B A IR A 322 TR] 14 5% 28 I e 0 (LA 4L
B XA FEAT 16 HE 36 s Ma A5 P 5E i BUHE
PO BE -5 1 S LA 0 ) B R, A5 3 17 24
FET 8 AL 8] 555 KA [R] I, 57 T 11 HEAE 5 70 9 3 9
T129 09 )5 HERE R 0.5 ~ 1.0 45 27K 45 22 2R ] ) AL
TR0 E, 5T o TR A I R M g X HR T AR
%07, AR BB ML, PR T H BB AR 2 ) R
AN TEAL, -4 A IS i S5 4HE 0 4l 4 8 03 A1 3

A5 [ PN A 8 BIF 58 BOIR AT A, OUHEST T A i [
W BT S T A R AR T 5T 1 0 B T 5 AR
RREADL 5 T o R A DR L A SR AL 4 T T ) F 5 AR
XA, JE IR SUHERE 5 B A 22 8] A X bE i  HE AR
J& T 25 E, IR T JR UUHR AR 55 S HE AR o [ 320 35 58 4
Xf RS AR T AN, P AR
FIEZ BKCEHETT VR T . 5T I, AR SCR AR HE
AR 7R 36 o TG 3 % UL T A 1 B HE T 28 A 23531
BEAT T 1 2 3 A 1 T 5, G A L S R T A 2
AN TR A Ak T 3R AR BB IR A ORI A4 52 T R, DA



2025 4F

Vi B, A O B RUHEL AL 5 BT AT K T AR 2 1 X - 93 -

h R AP iE T R ARG RS % . AT
Ji UL, AR SOR 5 52 B0 HE I /P i A AR R IS HEBE,
Ji5 52 ZIHE T BT BEAR R T HERE
1 ARt
1.1 BRI

AR YK AR R K 56 i R SUHE M b S
HEPT WA A X b, PR a5, 43 )
Sy FRLHEATE 3 6 R SUHE A 150 OBUHEE >R JH TG 3% B2 1 XL
HEBE ), W 250 A Bk Rl PR DR 4 — B, b T O B
L, I B HEAE A A A5 55 OBCHE AT R HE A B A7 AH
A o AR R I RN 1 BT, mHERE 22 4 4 il
#1. #3 WL, S5 HENEZE A 400 i #2 | #4 Bk

F1 HEEKEAR
Table 1 Model test scheme

G5 ik HE A i /mm FeHER /mm
(i PAHEREA LG 480 —
R MCHERT 56 480 360

5 N B L A 0 e FERE (B e A TR 0, RS AU A 1E
FF b 5T I B IR 5 M BT AR R K S L E
MTS W Aa] IR i A R4 o AS YRR AL 3 3% 22 2% 1 I
BB T B T on A i e, b ROk B b
+, FTIRAEEN SR =B A9 . RIS R R
PR TEAMPIL C=1, JUTAHRIE C=1 = 30 #Ff7ili 3%
BN RSF 8 22 o DASCHERE S 5], 3 30 85 280 R~ G 4] 1
B o PRSP B BUIE I I A RIS T, R
I J5 ) 22 & — > HE 7 B DA% 356 I 345 43 108 i 1 K
SEAHE T B AR L

T2 B 7 A T2 2 [T S A, (58 IRt ) e S
AR A% o ) S E S HEAE R0 HEAE A S A S
A E 44 R D, I A — N s
T EYFEM Ty o S T AR B A5, TEAE S
TR GF AR, REARAE A AT 4 ARG, FLrho i 2
MR A B A NLAR B, BEARYAA 7 S AR R, AR AL 14
ANEAR B, 38 R AR AT DA S B R R R AT A 32 T B0
J577 1 17 AR A O, AR A AR T 27k DG 28 2aT R RS A
7% ZE A AR BIAE B A9 A . BRIE Y 1 s ) &R
DA% At T AN 2 R
1.2 MEhEIt

TGS R T3 00 ) O 2 B e KR A o b B HE
BURFN R ARIE A, ek BRI 560 225 1 7 3% R Al 2
XA LS . B R MTS W ] AR 2845 750 46 e

> #4 #3
|:|l> . g D
120 =
=> & g
~fi —
|:"> # #1
A'"[ 1. 380 '366 i R N
! 1200 700 300
(a) P&l
380, 360] _ _ 460 _, 700
A L A [
.::>th2 .
P E N
':(>ff)i HELEN
> 30
A
IR
He S| |
el YL S
2 HERZN
(b) Hli

B 1 WHHURERENNIEE ( A4 mm )

Fig. 1 Double-row anti-sliding pile model test (unit: mm)
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Fig.2 Earth pressure box and strain film arrangement
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Fig. 5 Single -row pile model slope destruction process phenomenon
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Fig. 6 Double-row pile model slope destruction process phenomenon
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Fig. 7 Pile body destruction phenomenon
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Fig. 9 Power-side soil pressure distribution
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