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Sliding characteristics of anti-slide pile slopes with
different pile spacing and row spacing based on transparent soil
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Abstract: In order to study the sliding process and characteristics of slopes supported by anti-slide piles with
different pile spacing and row spacing, transparent soil model test combined with PIV digital image processing
technology was adopted to conduct tests on the transparent soil of slope reinforced by anti-slide piles with diffe-
rent pile spacing and row spacing, so as to study the displacement law and sliding failure characteristics of an-
ti-slide pile slope soil under load at the top of the slope. The displacement vector diagram, displacement con-
tour map and load-displacement curve characteristics of slope soil reinforced by anti-slide piles with different
pile spacing and row spacing were analyzed. Results show that the sliding process of the anti-slide pile slope
can be divided into three stages: stable, uniform, and accelerated deformation. The ultimate bearing capacity
of the slope increases with the decrease of the pile spacing. The depth of the sliding layer of the slope deepens
with the increase of pile spacing and row spacing. When the spacing is 3b, there are two sliding surfaces with
different depths in the shallow layer of the slope and the middle of the pile body, manifested as the joint over-
turning failure of the top shear and pile soil system. Based on the research conclusions, the following sugges-
tions are put forward for engineering applications. Firstly, for important slope protection projects, the pile
spacing and row spacing of square anti-slide piles should not exceed 3 and 4 times the side length of the pile
section. Secondly, for slope engineering with low bearing capacity requirements, the pile spacing and row
spacing can be appropriately increased to reduce construction costs.

Keywords: anti-slide pile; pile spacing and row spacing; transparent soil model test; soil displacement field ;
slope sliding
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Fig.1 Schematic diagram of model test system
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Tab.1 Basic physical indicators of pore solution
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Tab.3 Transparent soil model test plan
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Fig.7 Vector diagram of soil displacement of anti-slide pile slope under various loads

P 8 St T A 20 7 Wl PR e 28 b AR —
A% S (LR IET, i T UL, A B 2 B4R v
TERERT X8R, fe KK P2 8% H AR 1 72, B
Jol AR S0 B8 A H R BRI 02 T
A ) BEL T 1 T, B8R 57 B TRl ) i O )
PR A THUIX 35, 3% WY ot DX 3 - R 7 2 BT 1)
A TR DU, T TOUZE i A TR DX B
TR, TR G X AR 7y e A7 2 5 1w A T
Fofl B0 BT E 255 T, B SR IR
T 3SR S TH A AR 72 0 U0, M T AR 2 Ak B 1
T By Ay 35 T 15
2.2 A[EiE HERE A A TR R S E S AT

B9 T 1~5 T BTt s pi) 43 % il i 4878

PR, b AT L, 4% g 28— 8 1) 4o B il 2 28 1k
SIARL, BRIV g T 7y 285 %) 184 I, g T8 1) 457 A% 2
B EIR BN — (B AR R TR, 2R A RPRELA
RIS I WA AR T, 1) 6 B R A AR
2B AN WS K, R Fm 88, BLsh, bk
[] | HE FE AN W 14 K i 35 e o e (B AR 48 01 A il Ul
N5 BT R e M (AR 2O (R B A
M) 23914 23 22,20 .25 .20 kg, I T 1 fi7]
BRI 4.05 4.71 .5.01 .5.06.5.23 mm,

10 T80 1~5 T A HEAEAE K P 8 48
A (T a8/ N T 14 kg 078 2REEUN,
RIFORT R ) o AT UL AN [ 8] HE B e v
NIEARTERIRE T 43 2 A B B, BIVZE 33 T0 4oy 282



338 R B TR 4

H22 8%

30

x/b
(b) B 8%

B8 Mgt ERE— KB EELE

Fig.8 Normalized displacement contour map of

anti-slide pile slope soil
i 1im 2 A0 R Ay 2 e R o, R TR0 % 2
W B, S AT AR TE B Bt 5 Aot 0 3 A PR A 28
Ja LR R, 2R I LR, R ind AR
TEBY B, FEIR 33 3 Fo e far R U (BN, A7 THU7K S
NS  Hy 1.78 . 1.65 .1.68 2.21 . 1.58 mm, [f]
PRI DL B, FEAR TR 47 T A [ (6] HEFE 40 4 Ak
TS K 57 RS ABLAT BT AN [R), B 1] B 1 o o 34
Ko REF AT CUKEE B 54 B 417
SR g (YA E IR = R e wt /N O 7 5o e ot
HAE 2P AN e  AEARIRDE BN 4t Ak ]
N T BEAR G- M B3 20 I, NI A B BT VE A, B
“HHEON”  BUIEAET] | HERE 5 e RN
P ZL R &, 7 B BE A /NS (36—4b) |, B[] 1 RE
S ARG TE B HE X ZEME AR R ERRAE TR
AR H) R AP BHH ROR Bl A ) B 3K (46—
56)  BEIA] A {AHE U B Bt | A A5O3 i K
R P 1 595, Ko D) R A 24 S0 S i/ ), BEL M
RE 1 T I, IS S5O0E B AR S0 A% 1 I 28 A K
[ 1, BT 400 BEHERE 5/ Na (30—4b) | 5 HE
M B S B BEPSFTHEAR ]« s " B A 7P 5

oy T 3 AR o SR T HERE ] 1 IR
TR OV, BT HEE LB I S AR LA B
T e OUHEATE (Y BEL T RO 5 248 R HR I (40
—5b) , PIHREE L, BT HEREAR Xk Sz AT HERE
o TR HH B 220 i 7 g I A ) A o 8088
R HGTIT IR 3 AT HEARAE ] - HERO e 3, e
SCPHRETTRRAR , HH BT LR 3 R O

12
—=— [H]/H{FFE (3b/4b)
10 | -0 - [al/HEE (4b/4b) $
-4 [ HF R (5b/4b) Pty
g 8~ FAEE@63b) 22 kgx,v:-‘,o
E - [/ (4b/5b) v
43‘ 6r e
= 4
w4 AT
25kg
2t .
0 pat® |23 klg o
0 3 6 9 12 15 18 21 24 27
JETGAT 8 kg

9 R[E) 18] | HEBE 5T 8 A 2 35 35 TR 1oy 45— 12 1) L 5 b 4%
Fig.9 Load-vertical displacement curve of slope top of

anti-slide piles with different pile spacing and row spacing

5 -
—=— [/ (3b/4b)
- -0 - [A]/4{E 5 (4b/4b) A
AT a il R (Sb/4D) .
== [/ (4b/3b)

L - [E]/AHEER (45/5b)

W

BETGAF A7 4% /mm
[’}

TG4 B kg
B 10 7[E 8] HE BEHL A A 0K A7 i 2%

Fig.10 Horizontal displacement curve of anti-slide pile

top with different pile spacing and row spacing

K11 00 2~ 5 W PRy 8 a3 AR 7
SR P R SRS SR A Sk T 1w AT LA 35 T 52 ey
T AR IT R T 60° 3% W A il 2 5 B T
AT SR RN T BT RS RS
IR AT AN B BERT R T ARG, SRS/ TRETH,
(EAN[RJ[R]  HEFEACH BE 3 ¥ Sl T A A ]
(] HEFEHS/INIE (3b) | 70 A = FAE B IR X
S R BT Bl X TR T R Y



55 4 3]

X5 | 25 T3 ] 1 A () 18] HERE B0 B 3 R 339

RN e A NPT AR C 2 AR T
R B BHIR ROR , AMUFERIZ I I T 3 st ifi 5
Ui BEA B S 1RZ LR KPR Bl
SRS AR S, T R A SRR
SO HETH, 7R T )Z b A DN IR BT B Y

b T

e —]

0 ‘ ‘ ‘ ‘ ‘ 30
x/cm
(a) HEFE3D

30

x/cm
(c) [A1FH3b

[ Bl . %58 B 58 = s 3 Bl 4, Shy ki
Gt B R Sl D, FE ORI R R T
A Y3 1] HERE

B 12~15 JBR T T 2~5 HefRfra F 14
0t B HLR A

JR AT 2

g 15}
L
=
20
25 )
0 5 10 15 20 25 30
x/cm
(b) HEFESD
5-
5 B T
10k 8 AT
ANNNS~T T
g 15f NN
\t;\
20+
25 .
0 5 10 15 20 25 30
x/cm
(d) [A1#E5b

B 11 AEE HEEEE R T X EE

Fig.11 Vector diagram of soil displacement of anti-slide pile slopes with different pile spacing and row spacing

I G T 2

0.05_0.02

Al
20+
e
25+ . . . . .
0 5 10 15 20 25 30
x/b
(a) K
B 12 HEEE 3b

ORI 2

BeE op 3 L]

R

0 5 10 15 20 25 30
x/b
(b) i

AR T TR EELE

Fig.12 Normalized displacement contour map of soil mass of anti-slide pile slope with row spacing 3b



340 (N Es i MWNEE 21 22 %

< 15}

V/

x/b
(a) K (b) B[ %

B 13 HEER Sb HuiB R T A — LS ELE

Fig.13 Normalized displacement contour map of soil mass of anti-slide pile slope with row spacing 5b

x/b x/b
(a) KA (b) "%

B 14 [EEE 3p WBHEAH T EIT— K ABEEEE

Fig.14 Normalized displacement contour map of soil of anti-slide pile slope with spacing 3b

B og 3 LI0)

e

30

é ll() 1I5
x/b x/b
(a) 7K 8 (b) B
B 15 (8RR 5b HimHEn i T — LB EELE
Fig.15 Normalized displacement contour map of soil of anti-slide pile slope with spacing 5b
HI AT D0 46 T00 N AR oA XL Bk (Rl ) R 2 A Dl me A AN ], o ik ] | HEBE
PR EEAE P AEUHERT, WA R R O 30 B SCERTHEAEAE SR B0 6708, 3 9 AR
ST TYICE, A B A A R g s BT ST UIIR LA i) CHERE S 56 i KA

JIN TEBUHE A ATE TOUJ) [0 5 1) (2 A B AR, (HAS (TF4% 355 1)



55 4 3] St 25 - R ARCAS 2R W AR A U 1 B RO e P e 355

CHOO05 isolated from petroleum contaminated sites in India[ J]. Energy, Ecology and Environment, 2018, 3(3): 162
-170.

[17] XS, iR, sk, 55 —BREN A 7 B Ot e B AR KRR PE T ] Bl 273mdt, 2023, 50(5) : 1801-1814.

(18] EWRME, AWEE. Je il TR kA0 7 B LR RRPE L] AR MROR 22 4l ( HAABRA ) | 2023, 52(4) : 540
-545.

[19] PSAHI S K, GOKHALE S. Benzene biodegradation by indigenous mixed microbial culture; kinetic modeling and process
optimization[ J |. International Biodeterioration & Biodegradation, 2017, 119; 511-519.

[20] RAJAMANICKAM R, KALIYAMOORTHI K, RAMACHANDRAN N, et al. Batch biodegradation of toluene by mixed mi-
crobial consortia and its kinetics[ J]. International Biodeterioration & Biodegradation, 2017, 119, 282-288.

[21] QINY, HE Y, SHE Q, et al. Heterogeneity in respiratory electron transfer and adaptive iron utilization in a bacterial bio-
film[ J]. Nature Communications, 2019, 10(1) ; 3702.

[22] LIUN, LID, LIK, et al Enhanced biodegradation of chlorobenzene via combined Fe**and Zn**based on rhamnolipid solu-
bilisation[ J]. Journal of Environmental Sciences, 2021, 103(5) ;: 108-118.

[23] STREESE J, SCHLEGELMILCH M, HEINING K, et al. A macrokinetic model for dimensioning of biofilters for VOC and
odour treatment.[ J ]. Waste Management, 2005, 25(9) : 965-974.

(REHE: HEE)

(L#% 340 W)

V0 AL e 22 A7 B o 3 RT S HERE AR ], B 1 — i
RN IR . RHBESTHE B HERE A3,
PR ER )2 W s 85 O 2B W N AL 1 B B
T 58] 328 9 A28 A6 R 5 1]

4 4ig

1) 470 T Ak 0 39 AR e DR A X g 394 v 87 477,
T By T S 3 (B, RS T AR G R AT M AR E L2
RN E A I B B, Bl DU AR ] HE Y 6
ZIN T3 BR A A T 3, A TD B 36 R 46
IR, AN 3k 0 {7 3 7 e oK T ELAE T K SF- £

MmN,

SR

2) B B D B ) T S T A R R 2 B A
] HERE 9 AR fe i AR 4k, 8] HERE A /NGBS (30) , &
FEAETHU7AS 2 AT B V% 30 X 3, 0 7 A (5 5 e 2
1l [a] HERE 2 8148 K5 (4b F0Sb) | GRS B in
A5 L1 2R T S I R 2, X T AR AN v
(205 TR, AT B I e T HE R Sk Bk S — ik
WS A

3) P A R] HE 5 3 3 R R ) i
FERR T OCAME B b TR o, E Oy
TEBU B 1] B -5 HERE AS R 208 A i
() 3 A5 4 A% SR, 7 300 35 AR 28 2 SR A X A
A TR R AR T RAS T L) 2% PGS i b b
A AT S5 AR HERE

(1] BARadige, S0/0NMS , THPF, 45, U Ak 7 4 R0 o 34 o 0 35 34 sy vl S0 RE D 2 MR T S (0] TR R 2l ( A AR Bk

Ji2) ,2022,50( 1) :42-49.

(2] JEREE, HEAR , PR, 2. A [ 354 5 i AL A T e 1 AR B R A 5 [ 0] 45 4, 2022,52(82)

2490-2496.

[3] A, IR, B AN B 20 eb & XA M AR R0 [ 1], AEAREE T K224 ,2022,42( 1) : 109-114.
[4] Wz, %0, 25K, 6. T EH AWML RESB I AP [ ], MRS TR 54,2023, 31

(4) :946-960.

(5] AAA:, 20 o fl, 4. ST W] A AEAE DUREBY L 80W [ )], 3R R4l ( A SRR ) L 2022,49(7) 1 205

-213.

[6] skafs, T, 88 Wk, 55, 2 T35 0 E A A6 B B 385 ARSI 0 (1], BB 18 3, 2022,17(2) 1 127-

132, 140.

(7] X5tk SAERR , BUEUE, 55, PURAEINIE —ooas s T S BEASRE [ 1], Aol TR 2A41 ,2023,8(2) :172-179.

(RERE: BFE)



