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Slope stability analysis and support scheme based on the Bishop strip method
HE Mu', ZHANG Biao®
(1.Guangzi Guilin Geotechnical Institute of Hydrogeology and Engineering Geology ,
Guilin Guangxi 541002, China;
2.College of Civil and Architecture Engineering s Guilin University of Technology s
Guilin Guangzi 541004, China)
Abstract: This paper discusses the design approach for the vertical anti-slide structure of the anchor cable and pile-
wall combination through theoretical analysis of the Bishop strip method based on limit equilibrium theory, selection
of the sliding surface of the slope by use of the Lizheng Rock Soil design software and stability analysis and calcula-
tion of the residual down-sliding force in the context of the slope support project for a road under construction in the
logistics port area of Liudong New District of Liuzhou City, where the elevation difference of the slope caused by the
design and construction of road cutting is about 35m high. Combination of the pile cross-section size and re-bars is
conducted under the bearing capacity limit conditions; meanwhile, the slope surface treatment, protection and drain-
age scheme above the vertical support structure are also introduced. It may provide reference for the high slope sup-
port and treatment projects in road construction in the future
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Fig.2 Engineering geological profile
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Table 1 Main physical and mechanical index of soil layers
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Fig.3 Bishop strip method theoretical calculation diagram
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Table 2 Bishop strip method stability calculation results

BTWE/ BYUW T/
PR T Yo RE
HH LA (KN-m )  (kNem 1)  ZERH
KR T 1268. 52 944. 39 0. 749
BWTH 1337. 62 857. 42 0.643

i3 A E R E M R /N T 100, JF HL
ANTRES HUE R E RELEF = 1. 35. 8 T AR E
R E TR B
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BT RN oA A R A AR 4T B A
J1 0 kN A TRIEBE MR R T W &2 REH
1. 35, 43 BT AR T 00 A2 W T30 T 3 44 1) 1
mk 3.3% 4 s,

B oM T TR RN E R TN
912. 39 kN/m /E #1731 B By 16 TR i 1y & it
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Table 3 Bishop strip method thrust calculation (natural condition)

P37 YefEEdE S, RUAET f BT#I/ WHmyLE S/ i 1P/ FIRT WS/ T T/
% (kN+m™ 1) ) (kN +m™1) (kN +m™1) (kN +m™1) (kN +m™1) @

1 0 0 128. 22 9. 26 256. 61 —137.65 76.43

2 0 76.43 298. 94 38. 84 151. 16 108. 94 66.53

3 108. 94 66.53 478. 94 69. 23 1202. 21 289. 50 59.95

4 289. 50 59.95 692.51 97. 31 103. 71 491. 49 54.52

5 491. 49 54.52 572.79 37.56 19. 17 516. 06 49.75

6 516. 06 49.75 860. 36 87. 24 73.99 699. 14 49. 75

7 699. 14 49.75 1154. 40 156. 27 85. 74 912. 39 45.41

#z 4 Bishop &4 ZEENTE(BREIR)
Table 4 Bishop strip method thrust calculation (rainstorm condition)

FI YRS/ EIRARE T f R/ SR/ W/ KR 140t/ TR T WS/ TR T I/
Gii 5 (kN em™1) ) (kN +m™1) (kN e m™1) (kN +em™1) (kN +m™1) )

1 0 0 111. 94 8.09 228.09 —124. 24 76.43

2 0 76.43 260. 99 33.92 134. 37 92.70 66.53

3 92.70 66.53 415. 74 59.72 106. 86 249. 17 59.95

4 249. 17 59. 95 601.02 83.45 92.19 425. 39 54.52

5 425. 39 54.52 496. 38 30. 56 17.04 448. 78 49.75

6 448. 78 49.75 749. 37 76. 20 65.76 607. 41 49. 75

7 607. 41 49.75 1004. 89 133.65 76.22 795.02 45. 41
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Table 5 Inner force of pile under residual thrust

x6 ERTENERTHENA

Table 6 Inner force of pile under Coulomb earth pressure action

M JE B K254 =3001. 946 (kN + m) BEBSHETH 11. 400(m)
MERT I R M =2792. 119(kN « m) FEBSHETR 21. 200(m)
R B f1=1007. 185(kN) BEBSHETH 15. 300(m)
% KA =16. 20(mm)
951 RAKER N =271, 971(kN)
2 T4 R IKFEH1 71 =1266. 632(kN)
55 3 AR AT F1=258. 591(kND
55 4 AR KE S =244. 305 (kND

BEBSHETH 0. 500(m)
P AE TR 3. 000(m)
BEBSHETH 5. 500(m)
BE B METH 8. 000(m)

M5 R 254 = 8360. 021 (kN » m) PEEAETH 11. 200(m)
HE BT 56 K254 = 5304. 354 (kN « m) BE B METH 21. 600(m)
K8 )1 =2339. 515(kN) BEBSHETH 15. 300(m)
i KA =29. 38(mm)

%5 1R KPR =399, 169(kN)
55 2 WA R AT F1=420. 064 (kN)
55 3 AR AKFR S =436. 293(kN)
55 4 AR IK R I =439. 788(kND

B A T 0. 500(m)
BB HETH 3. 000(m)
B AT 5. 500(m)
BE AT 8. 000(m)
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Table 7 Size and layout of the reinforcement bars along the anti-slide pile body

B BE 0 B/ m I/ mm? SEHCYN S/ mm §ifE # / mm? S HE 4 7 / mm
0~8.5 17279 32032+10022 1678 P16@150+@16@1000
8.5~13.5 29036 40032+10022 1678 D16@150+M16@1000
13.5~22 17279 32032+10022 1678 O16@150+@16@1000
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Fig.5 Anchor cable and pile— wall composite

anti slide structure profile
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4.2 Bl L5 DL Y B TR

25 41 B W 3 T4 R AR AT KO- ] B < 3 L[]
B~ 2.6 mX1.3 m,5/iEH HRB400 2% (028 mm
B AR S 0=15", KJE L =9 m fl 12 m. 54
FLFLAE 130 mm, i FF I HLIR J1 43 51 R 50 kN Al
60 kN, FL AN HETE M30 gk . B+ 08 mm@
200 mm N M GO AN 1.0 m) , 3w mE S C20
A )R 100 mm., 3 I 7K - (8] B < 2 B ) BE
H1.3 mX2.6 m, A @50 mmPVC it /K fL, AR
K 0.5 m,

U T A7 T B8 T o ) 07 4 S S B R
BERAME R TR R U T AR R R 38 AL B R
JKA- 18] B X HE B A BE A 2.6 m X 2. 6 m, AR R K
AR AR 8 A T T R B R T T T B R BT L K
20~32 m, ASF A 0 = 25°, WA R AL L&
150 mm, 55 R fL N FEE M30 gi K93 . RAE N
Sy HORAEF L PR R BT PTIR ) 150 kN, B AR
FRH 6015, 24 mm NELA B th 3 N HITHIER
R, TS TTRE R 47 B B 2 AR TR 25 4N 2 26 Y
T AR AR . R BT A [E B 15 m, B
A ITCHE B EE N 5 m.,

FEMSERTE A% F  1E F K 400 mm 95
JEAR T, B8R 2. 6 mX 2.6 m,IRE&E T IR C30,
Z A 8022 mm, Fi i D8 mm@150 mm; 17 A%
AR VY 5 200 mm X 200 mm B A L AR A 1) o
MAHEHAAREK 1.2 m 19 016 mm WA, #5432
6] 3 18 7 )= 0. 4 m, JHFREE L CILE 7)),

12000 2000 14400  >3000

Y

T P T+ il R R+ e

D 2844 i i AT
@2600, L=12000

//

L ~— 6 15. 2TH% S %
Pomme e et 2600, £=30000, La=15000

7 mEEEHU ERER i TENEE
Fig.7 Profile of slope protection works above

the anti sliding structure

5 IR

MR T8 6 30 3 (0 Rk M e R B TR G
TR S I e L I TR R SR b 3 A Y A
TR TR S W T it o AT S B W A 3 B TR RN 9 B
J5 SR Bh 25 A6 56 A ARCR L TR B A IR 1 i B3R
B0 T A 4R

AR TR 3 B DL 3 R 3R 30 b e AR T L Sy =,
HR B (07 FH 3 B T 1 A A ol A A B 00
W 135 i W O B B L G R 2 AR B
PGE YT 5 24 K BN A B RS B R G AR 3
BILRE) 5 A S B 22 35 Ah 38, R UF 340 35 5 i) [X PN 4% 152 it
R E B A . 38 g X ER A TR R A4 AR S
AT LA 10 35 396 BEACR AS PR

AR THRET 2020 4F 1—5 H i T, 39 1] 6 3 44 A8
JE AT WE D, B AT A W I A AR T 34 AE A
P, TR it T R A,

6 %5

A A2 e i 51 A e e, T
Bishop 470 1% #EAT T R 5E PR 20 #0170, il B IE
BAF 2 4 R R R AR e ) B RS A5 5 e B
70T 4 4 07 AR AR b 0 P T B 5 2R R L PO A
B RS R 0T ) o B A — 2, TEPUI A M DL b
RESER o3 20 A 1 22 FIh 2L e D00 5 e e R PR 32 U
INAFIAER i — P RIE I % 4. S T i B A
o AL BB I S B 0 e 2 R

2 2 3 i (References) :
(1] A, BEAF I A T AR B X W i s A X s b\ — % TR i
Pt T30 B —— 2 i s Bk i am H (R J.2019.



et

AT B

LHEE]

faf  AK%E T Bishop &89

PR E T M P& 71

2]

(3]

[4]

(6]

(7]

(8]

9]

[10]

HE Mu, HUANG Menggqiong. Design and construction speci-
fication for Gangbei Zhong-er-lu Project in the Logistics port
area of Liudong New District, Liuzhou City—Zhong-er-lu
High Slope Design Project[ R].2019.

FEARTN , E AR S0 58 VB v S i B A O IR 43 BT K B
TRBETF L] AR TR CA L4 8 TR ,2018,45(8) : 107 —111.
CUI Huali, WANG Junzhao, XIE Zhongsheng. Deformation
analysis and control measures of Shawosi Landslide in
Tongjiang County[ J]. Exploration Engineering (Rock &. Soil
Drilling and Tunneling) , 2018,45(8):107—111.

GB 503302013, H ik ¢ T RFAR MM S].

GB 503302013, Technical code for building slope engineer-
ing[ S].

GB 50011 —2010., &S HL R B HELS].

GB 50011—2010, Code for seismic design of buildings[S].
GB 50010—2010, R #E - 45 B MELS].

GB 50010—2010, Code for design of concrete structures[ S].
b 55 T 4 PR R At BISHOP 35 [J7. 28 e V1 T8 2 e 2
#2,2016,30(6) :49—54.

SHI Jianfang. A method of BISHOP based on elementary fanc-
tions[ J]. Journal of Heilongjiang Institute of Technology,
2016,30(6) :49—54.

T AR .25 1), # ME. Bishop 7% ¥ 2 1 A i S LT
LI RF 5 R T AR 2440, 2015.,13(6) : 123 — 128,
WANG Jungi, LI Chuang, DONG Ye. The semi-analytical so-

lution of BISHOP law and its generalized mathematical model

SR g

[J]. Journal of Water Resources and Architectural Engineer-
ing, 2015,13(6):123—128.

L SR DCRE BRI A A R M S ) A B S
M PEAL BT LT 0 T2 G 4 8 T 82, 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.
IR TEEE AR AT I R VY WL SRR E T AT
Bt 75 2 L) 307 TR O L 8 4 T /), 2016, 43(10) : 16 —
21.
DENG Xiaofei, YU Piaoluo, TANG Shujun, et al.
on landslide stability in Datong County and the control plan

Analysis

[I]. Exploration Engineering (Rock & Soil Drilling and Tun-
neling), 2016,43(10):16—21.

B bR B SO R A I il 2R b R A T R R R A

Wit BT AR A R IR TR O A T&),ZOOOJZ
(10):32—37.

XU Shenglin, JIA Yibin. Application of anti-slip piles with
anchor cables and grade beams with anchor in oversize com-

plicated landslide control[ J]. Exploration Engineering (Rock

[11]

[12]

[13]

[14]

[16]

[17]

&. Soil Drilling and Tunneling) , 2005,32(10) :32—37.

XK K Bl R PR LR R B O g e T L) . B
223 T 54 AR ,2017,15(6) : 30— 33.

ZHAO Yongyong. The evaluation of the security of the an-
chored slide-resistant pile for large-scale slide body[J]. Traf-
fic Engineering and Technology for National Defense, 2017,
15(6):30—33.

BTG fE B AR bR L AF L UR ) B R M R AR BT L 2 AR
Jon T A R LD 2R T AR G LBl i T/, 2017.,44(7) 1 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.

TR /INHE S 8 5 G R U O S R I T 0 8 T v i T
RBFFELI ] ARE T AR Cor b 4 8 T8, 2009, 36 (5): 72 — 74,
80.

XU Xiaohua.

with lattice beam and anchor cable grouting in slope reinforce-

Application research on composite structure

ment[J]. Exploration Engineering (Rock & Soil Drilling and
Tunneling), 2009,36(5):72—74,80.

AR, BEOF AR K L Ih RS T B 2 A R [ K g Sy W
SERTLT] R TR CF L4l T . 2015, 42(5) . 67— 71, 76.
LI Bin, HUANG Fen. Slope anchor cable reinforcement of
Futang Hydropower Station after earthquake and the stress
monitoring analysis [ ]]. Exploration Engineering (Rock &
Soil Drilling and Tunneling), 2015,42(5):67—71,76.

KA R R, 45 B U B R R RUR IR O )
RO TR CA B i TR, 2017,44(4) :80— 84,
SONG Jun, YU Zhuangyan, CHENG Yingjian, et al. Study
on evaluation approach to the effect of landslide hazards pre-
vention and control engineering[ J]. Exploration Engineering
(Rock &. Soil Drilling and Tunneling) , 2017,44(4) ;80— 84..
HHER L R R TR R AL A L TR TR B Rk
(V]9 T CH R 468 TR ,2007,34(7) . 40— 43,

HAN Kun, GAO Anmin, ZHOU Weiyu. Choice of treat-
ment scheme on landslide in Hongtu Mountain of Qinghail J].
Exploration Engincering (Rock &. Soil Drilling and Tunne-
ling), 2007,34(7) :40—43.

Al (R A7 fo] , BF . =ik P2 DX A 7 A, 9 5 A A P I BLRIE
FEL) ] TR CH B 8 T/, 2015,42(12) : 84— 87.

HE Jianbao, YANG He, MIAO Xin. Study on stability and
treatment of landslide in Zaozishubao of Three Gorges Reser-
voir Areal]]. Exploration Engineering (Rock &. Soil Drilling
and Tunneling), 2015,42(12) .84—87.

(%% EHEE)



