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Analysis and design of the anchor cable pile-sheet

retaining wall for high slope treatment

ZHANG Biao', YU Min'"*
(1.College of Civil and Architecture Engineering s Guilin University of Technology s
Guilin Guangzi 541004, China
2.Guangxi Guilin Geotechnical Institute of Hydrogeology and Engineering Geology »
Guilin Guangzi 541002, China)
Abstract: Taking Liudong New District of Liuzhou City as an example, the flood interception ditch and slope
retaining project is introduced with analysis of a section of high slope with elevation difference of 25m. Stability
evaluation and residual sliding force calculation is conducted for the landslide using the broken-line sliding plane
transfer coefficient method of limit equilibrium theory. Discussion is made on the design approach for the three-
layered anchor cable pile-sheet retaining wall. The internal force of the anti-slide pile body is calculated by both the
landslide thrust method and the Coulomb earth pressure method with the structural plan of the pile-sheet retaining
wall selected through analysis of the internal force of the pile body. The slope protection plan above the retaining
wall, the monitoring plan and suggestions during and after high slope construction are introduced. It provides
reference for the treatment of high slope landslides in the future.
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Table 1 Main physical and mechanical indicators of soil layers
s " & HEE y/ Wi%Ty e/ WBEEM o/ ILIRKE i SE R AR T/ AR5 A A AR K/
e BN m) kPa ") R kPa Bi%38 )% /kPa (MN »m )
IR 17.5 10.0 10.0
DEH+ R °
TR S 17.7 6.0 8.0
RERRE 17.9 21.0 11.0 40
QR+ \ ~
T FR 7S 18.1 19.0 9.5
PN/ N 18.0 30.0 12.0 0.40 180 60 60
QLK+ ‘
T FR S 18.2 27.0 10.0 0.35 130
RERRE 18.0 14.0 12.0 0.35
R )
i O 0 AR A 18.2 12.0 10.0 0.30
K X 21.0 50.0 20.0 0.45 400 80 80
s R e 23.0 120 24.0 0.50 1000 900 800
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Fig.1 Landslide blocks

e B SP- A7 31 10 1) BT 42 AU e Bl T R A% s R B0k
HEAXWT .
P,=P, ¢, +T,—R,/F,
-1 =cos(@,—, —0,)—cos(0,—, —0,)tang, /F



5 AT &5 6 1)

i OBAE AR AR A R B e e M S i 69

T,=(G,+G;,)sind; +Q;cosl;
R.=c¢,li + (G, +Gy)cosl;, —Q;sinf;, —U, Jtang;
AP35 IR AR SE IR AR
SRR TS T, — 5 0 THH AR AL 58 B &

T 5 HABSN IR T W I3 R —55 « IR AR

B 58 RE T ) S AR A SR ST s —

i 1M AS S IR L I R AL
WRSRILE 2,58 3,

®2 BERIAKSHEFTHRIHE

Table 2 Current parameters and load calculation of each block

P a0 K+ B/ R 2/ A/ i ff /
FE 71 /(kN+m %) A S, /m? (kN +m~) (kN +m™1) m (6)
1 18.20 5.53 100.6 100.6 6.10 66
2 18.20 103.47 1883.2 1883.2 20.36 33
3 18.20 54.94 999.9 999.9 7.98 21
4 18.20 55.03 1001.5 1001.5 9.64 10
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Table 3 Stability and thrust calculation for the landslide section
woa fe B A B &
w5 ) z 3 iR / R FIART Y )
B S A T i
1 12 10 91.9 107.1 0.71 1.164 1.15 0.00
2 12 10 1025.6 690.4 0.93 0.703 1.15 540.39
3 12 10 358.3 343.2 0.94 0.769 1.15 589.45
4 12 10 173.9 382.0 0.98 0.939 1.15 379.40
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Table 4 Inner force of the pile under residual thrust

PR JF e KA = 3591.251(kN « m)  BEBSHETH 10.414(m)
PARE AT I K i = 156.654(kN « m) BEBSHETH 17.034(m)
FBRHT 1= 1135.545(kN) PEEAE T 12,069 (m)
AR = 23(mm)
551 AR N = 239.819(kND
92 WHIRKFER S = 161.296 (kN)

3 R R IKFHL S = 85.262(kN)

PEBSHETH 0.600(m)
MR B HETH 3.600(m)
PE B TR 6.600(m)

55 2 PO BEAC LR AT FAE RN LR 5
®5 ERTENEATES K

Table 5 Inner force of the pile under Coulomb earth pressure action
PHR% 5 e K =6105.541(kN * m) BEBSHETH 10.828(m)

P4 R% FT R KD A =835.626 (kN « m) BB 4.457 (m)

e K87 J1=2486.922(kN) BEBSHETH 10.000(m)
RN =32(mm)

%51 E AR KR =330.013(kN)
55 2 AR KR =240.685 (kN
85 3 A RAKFR S =142.710(kN)

BE B HETH 0.600(m)
B HE T 3.600 (m)
B HE T 6.600 (m)
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T HLTE Y (GB 50010 — 2010) 057 3 47 M & W2 45 31
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Table 6 Rebar structure and layout of the anti-slide pile

PEAET ARG/ SCECONAG/ A/ S e 4 357 /

FEES /m mm? mm mm? mm

0~8.5 9719 14Q32 151 P14@120+(022@1500
8.5~13.5 29333 38032 151 Q14@120+(@22@1500
13.5~22 9719 14032 151 @14@120+(22@1500
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Table 7 Calculation and layout of the anchor cable structures

Py WEIEAN T, W ARMRKE/,  EMERKE,  ShAmKE, SRREERKE, WK/ S HE T AR/
MY kN m m m m mm mm?
C 128.85 9.5 23.0 10.5 24.5 6015.2 840.0
B 336.30 7.5 17.5 9.0 19.0 5015.2 700.0
A 230.53 6.0 12.0 7.0 13.0 3015.2 420.0
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Fig.2 Anchor cable pile-sheet retaining wall profile
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Fig.3 Anchor cable pile-sheet retaining wall elevation
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Fig.4 Profile of the slope protection work above the retaining wall

5 IEN

TEI 6 TR b, B 7R S A BB ) B s
TG, S I M 4 3R B TR AR MU B0 Bl A K g
0B ACR, [F W A S W R D U B K
fter,

A TR 2 B DA A S A ol SR AR L O =

FETR X PN AL ) 2 I a5 BT O 2 LA
AR AR E B SR L L SRR S T Bl A R g
AL DX LA R PO A A IO, 5 TOAAR A 5

1] S 3t 2 A3 A% W W 0 9R Lo N R AT 5 K £
AT TR, 22 DL HROLEE O T2 b B Rl B 4 )
WLIMAE Lo ] e A 6 T 5k s 7 38 R I A % 3

S TR R WA SR . R B T B
T S TR A W R A2 A8 I Nk 1 4
AU DUE K i 22 8 b B o DR T DX A A 0
Wt P4 4

6 BWFIPTEREUR

ZBOhY ST TR S 2018 4E 2 A JFT..2018
AT R S8 A, i TR R B T A R W A
Jiti T 3 P A X T g 2 B TS R 5 e Y i
AT o i U TRD o ik 20 39k 1) A8 TR W, 4% 3 A (4 7E
BT B P B AR Tt T AT, i T4 R
Uk 2 AT 30 35 0 AR T W 3 s o Sz B A 1 T R
AL A FE I 7 I 35 A R T FE DAY 5 38 0 — 4R



72 B TR CH R4 TR

2020 4 6 H

FR) M D 88k A B S A Rt e KOK P2 RS 10.5
mm (<220 mm"*) , BIFE KB m A 9 mm, £ I
W8 AR B C o T HaE 2 PRl Bt ok & AR
JERYIE G X RA R S TR 2% 4 A AL
ATRER CULIE 5D,

B5 XZPLEMBEIRRR
Fig.5 Completed support structure

7 #5iE

£ 1 B i L A e 0 B R B TR v AR
M Jo Bl A 45 2R I H AL it AR R A R AT T AR
Sy BT RIsE T g DL o 3 BOK HEK 2
B R AL | T I D0 A5 8 it e K BR R 9/ A
R R 2 4 AR SO AR AR U £
B T R PR b g PR A T SRR
NE = ZISIP

2 2% ik (References) :

C1] Aaf R, 2= WY 0 M T 0 2 57 DX A% 0 BX B Jol 30 e I i I — e -

ENIC VAN St AN DY - SN S U S MR Y N RSt
[R].2018.
HE Mu, LI Mingyu. Construction design of the flood cut-off
ditches and slope retaining work for the road network— Lati-
tude Road 13 (from Longitude Road 8 to 18) in the central and
surrounding areas of Liudong New District of Liuzhou City
[R]. 2008.

[2] GB50330—2013. AN TREARMIELS].

GB 50330— 2013, Technical code for building slope engineer-
ing[ S].

(3] farA. 5K AR JE T Bishop 4% 23 ¥k B9 10 30 53 5E o0 7 e 5240 7 %2

LI TR G 448 T8 ,2020,47(5) .55 —71.
HE Mu, ZHANG Biao. Slope stability analysis and support scheme
based on the Bishop strip method [ ]J]. Exploration Engineering
(Rock & Soil Drilling and Tunneling) , 2020,47(5) :55—71.

(4] SRAR. 5 L0 X BT 4 i e AR 0 PR AT AN SR B 7 I A S [ 3R

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

TR CH 48 T, 2018,45(10) : 97— 103.
ZHANG Shuo. Slope stability evaluation and treatment along
Jiajin Road, Fangshan District[ J]. Exploration Engineering
(Rock &. Soil Drilling and Tunneling) , 2018,45(10):97—103.
K e 88 KA 30 R W S i A B AR AL B LT 4R
T CH L4698 T ,2016,43(10) : 30— 35.
SONG Guolong. Example analysis and optimal design of slope
stability in open pit coal mine[]]. Exploration Engineering
(Rock &. Soil Drilling and Tunneling) , 2016,43(10) :30—35.
XK K R BT WE AL K I 3 38 R R e e T A LT L BT 28
TR E AR ,2017,15(6) :30—33.
ZHAO Yongyong. The evaluation of the security of the anchored
slide-resistant pile for large-scale slide body[ J]. Traffic Engineering
and Technology for National Defense, 2017,15(6) :30—33.
MR A 5l 5 U FE A A R R b e R O i g A B AR
LI 3T 8 A% 55 B 30, 2012(1) < 124 — 126.
LIU Xiaochun, ZHANG Jingtao. Distribution rule of soil pres-
sure at back of column plate anchor retaining wall[J]. Urban
Roads Bridges & Flood Control, 2012(1):124—126.
RN R S 5 4 FR T O A R T T A R e
LT ] TR CH L4 T#2),2009.36(5) : 72— 74, 80.
XU Xiaohua. Application research on composite structure with
lattice beam and anchor cable grouting in slope reinforcement
[I]. Exploration Engineering (Rock & Soil Drilling and Tun-
neling) , 2009,36(5):72—74,80.
FETE L AR RN R AR TR AR R BRI B A M il
WBFFE L) ARE TR G L B T . 2019,46(1) : 77 —82.
CUI Heng, LI Shenfeng, ZHANG Jiqging, et al. Field test on new
type of ecological slope retaining [ J]. Exploration Engineering
(Rock &. Soil Drilling and Tunneling) , 2019,46(1):77—82.
T R PCRE  BEREAE A5 v YR s M SR M) 4 T B S &
AL BT ]38 TR G 4648 T ,2017,44(7) 67— 70.
WANG Deliang, NIE Qingke, LI Peide., et al. Case analysis
on high slope stability and optimization design of supporting
structure[ J]. Exploration Engineering (Rock & Soil Drilling
and Tunneling), 2017,44(7):67—70.
WHEL ARG JE R L 4 L e TR TR B Rk B
O30 T2 CA 45 8 T8, 2007,34(7) 1 40—43.
HAN Kun, GAO Anmin, ZHOU Weiyu. Choice of treat-
ment scheme on landslide in Hongtu Mountain of Qinghail J].
Exploration Engineering ( Rock &. Soil Drilling and Tunne-
ling), 2007,34(7):40—43.
BTG A L AR bR L SF TN ) Bl R M R AR BT L 2 AR
T e SR L) AR TR Ol RS TR 2017, 44(7) . 71
—75.
WEI Wanhong, SU Xing, YE Weilin, et al. Application of
pre-stressed anchor cable groundsill in reinforcement engi-
neering of deformed mine slope[J]. Exploration Engineering
(Rock &. Soil Drilling and Tunneling), 2017,44(7):71—75.
T A B W AR AN A5G AR T M M S B 0 I R
BERFFE (1] 4 + )15 ,2018,39(S2) : 157 — 168,
MA Xianchun, LUO Gang, DENG Jianhui, et al. Study of an-
chorage depth of anti-sliding piles for steep-sliding accumulation
landslides[ J]. Rock and Soil Mechanics, 2018,39(S2) ;157 —168.

(TEE S5 T])



