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Stability Analysis of High and Steep Bank Slope of Jinqi Bridge on
Wudang-Changshun Expressway

WANG Hao

(China Railway First Survey and Design Institute Group Co., Ltd., Xi’an, Shaanxi 710043, China)

Abstract: Jingi Bridge on the Wudang-Changshun Expressway in Guizhou Province crosses the Maotiao
River, and the poor geological conditions such as dangerous rock mass and collapse accumulation body on the
bank slope of the river are relatively developed, which seriously affects the site selection and safety of the
bridge. In order to study the stability of the high and steep bank slope of the bridge, the paper explored the
main poor geological conditions in the bridge site through a comprehensive air-ground investigation. By means
of numerical analysis, InSAR, and other technologies, the movement range of dangerous rock mass on the
bank slope was quantitatively evaluated. The stability and deformation mode of the accumulation body on the
bank slope under the action of internal and external dynamics were elucidated. The results show that: (D The
poor geological conditions in the bridge site are mainly cliff unloading zone, dangerous rock mass, and
collapse accumulation body, and the failure mode of dangerous rock mass is pulling-toppling; @ The
movement distance of W1, W2, and W3 dangerous rock mass after failure is about 65 m, 57 m, and 320 m,
respectively, which affects the Wudangan abutment and Changshun pier; 3 The accumulation body on the
Wudang bank slope is very stable under normal, rainfall, and rainfall + earthquake conditions. The
accumulation body on the Changshun bank slope is stable under normal and rainfall conditions. Under the
rainfall + earthquake conditions, the shear plastic zone at the contact surface between the upper accumulation
body and the bedrock is completely connected, and the accumulation body is in an unstable state. The failure

mode is creep-pulling. The research results can provide a reference for comprehensive investigation and
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stability analysis of high and steep bank slopes of bridges in deep canyons and steep cliffs in Guizhou Province.

Keywords: highway bridge; stability; numerical calculation; comprehensive investigation; high and steep

bank slope; dangerous rock mass
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Figure 1 Overview of bridge site
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Figure 2 Geological conditions of bridge site
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Figure 3 Poor geological conditions of Wudang bank slope
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Figure 4 Poor geological conditions of Changshun bank slope
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Figure 5 Geological profile of bank slope engineering
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Figure 6 Risk assessment of dangerous rock mass on Wudang bank slope
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Figure 7 Risk assessment of dangerous rock mass on

Changshun bank slope
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Table 1 Basic parameters of slope surface

W 1w 25 Al
e
i1 HE LA

0.35

IR R 2
0.85

0.32 0.80

B/
2

T30 SR R MR EASE R At e 30 5 B 5 BE
Je. i BUEG R BHLJE o 1% X 3 A Ml 5% 3l (50 4F 4 A %
10 %% ) W AR i o JBE >4 0.05g, [H 1t 5% 38 #b 7% 50 (50 4F 48
FRAE 2R 206 ) W o s B O Ol 0.1gM7 o AR B T 1t
B A E DY M 2013 4 R i 5E I, R Seismo-
Signal #A X i A (4 172 2 B e #R i Ze b AT TR
2R I RIICE  ipk b B, T T R A RS i B 1Y) 52 T
AR UG B A5 R A ) R B AR Mohr-Coulomb #5574
CFr e RPN 1 A8 ) o AR BORE I 38 4 B 285 21 L 2
- A1 ) B 2 S BB WL 3 2, R FH 5 T 0 oK
T I M R AR ) R P R B
42 HELERSH

i 3 M B 9 K A A% iR T L AE A Bl AR
FHF W A8 T8 R, 1 BY N A 2 AT L3 AE 7 A T B
T (14 T 0K RIS e 30 S A 9 P X1 o B L & e
43 A A] LA SR G b A 22 R AR TR RN R A 1 v Ak 2
o B, g5 G =3 BT E A 25 SR A A P i B A e ik
T 4 4 280, AT LA Ak b o3 7 0 A 5 3 o
AR 1) 28 T 1 SRR AIE LA % S 30 4 R i e e e

MR T3 45 2, 52 52 3 A o HE AR AE R
SR TR A RN - MR SRR TR AR E R B R
2.06.1.79.1.43, i #% = B (& 9) F 38 1 5 1 28 = &
(1 10) 7R 5529 12 3 M RUARCR & A B 5 A8 J1 g )
SV R AR PR X 5 A PR R R H A R AR

LSA
2

; Eails

Mz
o a
R 2 4 e B A
v
€als TAVAVAVAVAVATAVAVAYAN
VAVAVAVAVAVAYAVY
SR 120 3 AR A LK AR
D S
S I R R RIS L Rk
\ I R R S R N OO RN
GQs RIS SRR
ey PAVAVATAYAVANY, VA VAVATAY \VAVAVATAY
4 He g s col+dl A APAT A NAYAVAYAVAYATAY v WAV ATAN AT AV AVAN A
eSS fdF+ Q4 AT AT A e YAV AT AT L AT AVAVAYY
TR R S S S LY A A A Y AVAVATAY AT VAVAYS
B N SO R e - A5 P AVAYAYATATATL S AVAVAVAYAVAY
R AN TR | SRR, R AR
S S v, Vv, AWavsti s o LD SVAVAY K <}
B S IS I R RIS B R R ISR IR R
O S S uﬂ"ﬂ R RISKE PRSI R, T e N A b RN N ANAVAVAVAVAYAVA PAVATATANE Y S ATATAR IS G vAVA 1 wavag
B L e e B s e ettt [ UL e
D e O A T B e S b Ak AT
SEvaVESN D SR '; %F’;ﬂ"‘:"’ng AW A VAV AV AV AVAVAVAVAVAVAVAVAPara¥aY AN v v VA VA VA VAT AVAVAVAVAVAVAVATA ‘v'.%.b"""f vaTsaTATANAT ISl VAV AATavd
0 A AN VA N A VA AV AV VAV 0 WAV AV AV AV AV AVAV AV AVAVAVAVAVAV AV AVAVATAVATAT VAVAVAVAVA SN LAV DO AN ARALCCK]

8 HEITEML M RRR

Figure 8 Generalized geological model by numerical calculation
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Table 2 Physical and mechanical parameters of rock and soil mass
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Figure 9 Safety factors and displacement of bank slope

under different conditions
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Figure 10 Plastic shear strain of bank slope under

different conditions

e SV o U B AR U NSRS N DA 2
230 em [ & 9(a) |, e K BT RLAE 24 2y 304 [ &1 10
(a) ], 795 9 59 )i 78 417 11 oK B0 5 28 1 IX 23 A 18] s
O BRI 5 2 32 7 A sk B X, SRy AR 5T 1)
R DX BT S AR AR S e e [ 1] 11(a) |5 28
I A AR AE R ORE T B E ; © KN



26 F 4

A S 2024 5

B ME BURAE R AR S T i R = 29
42 em[ K 9(b) ], B KRBT R AE 25k 4% [ 1 10(b) ], 1
oA o 4 S & AR N P 1 AR Y N 1§ 7
5 N AR B S LT 5 HE B 3 AT SR B O Bk
SRVE R IR H 1 5 ok FRAA 55 Rk 5 4 ik e A 5 1) 98 P
AEATUE [ 11(b) | 254G F 8 , KR HE BUA TR
Rof TR A0 AR A R B R AL T AR R A (B L R
FEFE SR T R A2 00 1T 8 5 O KT e 33k 3 B0 7 B8 W 4
A+ R TN B9 B8 & O 50~90 em [ &1 9
(c) ], FE L AAE bR HEBUA RN T FME RS % |
P GCIRTE B 0 AR A7 8 S BT R AR S 50~10% , H
M RRLA B B R AR A FE A L@ [ 10(c) ]5 b AR HE
FRUA 5 5 2 42 fink T Ak 5 070 98 P X 58 4 Tl , HL 57 47
MR R R LE 11(c) | 254 A, K0 HE L
AT P8 T AR T - 5 b R T R AR AR AL TR R E R
A H EFHERAT 24 TR RCRE LR IR AR
WL R e

(a) RERT B

(b) FEF T2

(c) W& +Hb 5% T 00
Il None Il Tension-now [Z7]Shear-now [l Tension-past Il Shear-past
11 AEIRTEHEEEX D% E

Figure 11 Plastic zone distribution of bank slope under

different conditions
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