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Stability assessment of the road cut slopes in the Xigeda mudstone
considering long-term creep deterioration and suggestion for
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Xichang—Panzhihua Expressway
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Abstract: The Xigeda clay-rock strata exhibit typical characteristics of long-term creep deterioration and saturation softening,

which is typical slide-prone stratum. Landslides are easily formed in Xigeda strata cut slope due to the continuous deterioration
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and stability reduction during the operation period, which poses great threats to operational safety. The reduction coefficients

for the ¢ and ¢ values due to long-term creep deterioration of Xigeda clay-rock are determined as 0.87 and 0.84 respectively.

These values are derived from shear strength parameters of slope excavation and sliding obtained through geological analysis,

discrete element numerical simulation, and mutual verification involving the K2378 + 900 right-side landslide on the Xichang-

Panzhihua Expressway. By conducting critical slip surface searches and stability calculations for 17 distinct Xigeda clay-rock

slopes representing 5 different types, the average decrease of stability coefficient is found to be 0.184 when shear parameters are

reduced in accordance with creep deterioration within the range of 0.87 ~ 0.84. Consequently, targeted recommendations are

proposed for key factors influencing the long-term stability of Xigeda clay-rock slopes, encomPassing safety coefficients, slope

ratios, and reinforcement measures. It is demonstrated that employing a construction approach characterized by a gentler slope,

wider platforms, and less intensive reinforcement is proved to be more conducive to the slope long-term stability. The research

results provide important guidance and reference for highway construction and slope protection treatment within the Xigeda

stratum area.

Keywords: Xigeda strata; creep deterioration; numerical simulation; long-term stability; protection suggestions
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Fig. 1 Satellite topographic map of the landslide area
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Fig.2 Overview of the right-side landslide at K2378+900 of Xichang-
Panzhihua Expressway
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Fig.3 Soil profile
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Fig. 4 Rear edge of the landslide, showing smooth mirrored

scuff surface
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Fig. 5 Shear and bulging crack of retaining walls, contra warping,
uplifted and crack of platform
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Fig. 6 Geological cross-section of the main sliding section
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Table 1 Inversion calculation results of slope zone parameters
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Fig. 7 Numerical simulation model
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Table 2 Parameter value of numerical simulation
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Fig. 8 Shear strain increment contour, displacement increment map, and plastic deformation zone map

E 8(c) (d) A AN AE T 0 3% o 4614 F
I B3 i 1, 45 0 SR OSSR R s A SRIRAET
BT 25 RISk, B AnJC AR 3, 76 B T AN b 5%
YE T B9 30 3 A2 I8 25 To BR 1 2 38 fn, B 2 e &
RAEBBBIAM R, HEREARRE TR 6 77
A, A9 B 1 B KA it IR B 168 X N, Ui
XS B oy 7 HE T RS AR T DX, R TR S AR T
KA 43510 0.51, 0.15 m, {57 FE 5 1] Ay ] [ T8 A9 15 25
T 77 1)

 8(e) () s T 2 W F1 M FE 450 100 35 iy SR PE AR
XA AL, BT YIRS B B AR Y X 3 A v A AT e W
I3 11 2 T 3 A A ) A T T R A R ek
JI, e KRR FE 2 10 m.

25 b DEE BTS2 i R AR B | (788 S B E X

Sy ARG R, WA TR X 0 A 5 e R B o AR 4
HAEISERIEARYI G, 7R 2N MR 00 T it
JEA BB M AR TR X, 55 AR YR T A v S VR T S T
B %A — B0 YRS G SRS TE B — 2508 2 AR
TEis, IR AR T A AE SR N IR EE | 0 B S RE TR
SR P T R IR 58 A — B, RIS RV I A
Tty & R L SOl By DI R 1w = A . PR, M BT
R B AEAAE P 3 R L IR 2% SR ] AT o E R A YR
Ji% 13 a $AR B A0S IR B ¢=15.3 kPa, 9=12.6°
2.2 IEAEHIIR (A R R A

FE— 2 IE R J 2000 F i R A BT VTR SR RiT (4 1fs 5
P BT 0 R R W (R R R, AR = AR E Y
LB SHS /N T B (R, B8 AR L Em TR



2024 4 AIIEFR , 55 B IR IIG R 25 LR TR G5 B 120 A I B S B R B VA B Bl 4P 3 SRt —— LAPE B s s A Bl i o i - 61 -

WKL | 55 0k A5 Rk M, AR MESR P BY I (. SRk
FEPIHEAT Y 18 41 E A% IR FE 5 = N Y UG ) 6 1
190 ~ 120 d) 855 28 B Y1045 21 1 PG S Hi DX A% 3k T8
AR R A ISR LI RN 0,=0.81¢y,, JFHBER
FH 0.78 (4T 2= 2L, (8 i TR 5 e 2D, A8 SO RE
Fefi . R A 0 B Bk s B Y R A R
BT T 2 B, kIR AR R Y
5 R R 1 (o) BN BE R A1 (o) 35 R SRR 28 43 3] e A1
29.7%. 20.2%, RIS T i WACES 25X R
FEPEFA N 18.2° ~ 22.8°, i A, AR 45 v 228 iy i i 15 By
Bt C7 A 1Rl Bt K95—K99 Z A TRIZ 5 1 3 iy v KUK
KR U A AR, e T8 9 BE 545 0 : 30 kPa, 25°,
BTz oA o s, 7 R LA e e i

AT b T A A AR R O A KA ST R,
FitEt o o KA LITIHRECH 0.81 ~ 0.76, HFHFT
TR WRAEHDRLY BT i1 4 AR B, AR R
+ . EINAR - PTIECR B H0.80., 0.78,

TEHR K2378+900 371 33 Il FF 4% 56 Wi it Ay 44 B 4R
ARG (AR B, T SO SO AR 2 A I RS S 4L
SRR A JE R R, DT A ) S TR B A A R )
WG AR 2 AR o AR R A 5] D 3B 3 T Bt T A B A A
RBERE, 2008 47 1% 3 i S it T 42 56 UR — 900 3
SELLLR T P AR R R BT B, —GUA R HYE A A R
TUHERRARTE G2, DIE N T P35 X6 3 3 64 7 529

S TFFZ 58 U RS B 07 AR 15 1l BB S 40L 2 B
PUETE LR 3,

R 3 BEFE TR NHERSHEE

Table 3 Parameter value of numerical simulation after slope excavation
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Fig. 9 Shear strain and displacement increment maps under rainstorm

condition after completion of excavation
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Table 4 Classification table for cut slopes
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Fig. 10 Typical geological cross-section in numerical simulation

W 5% 5~ 8 muFE B UIA L, BIIM 0~ 1 m 5
JE A BT A IE , =5 20 m M 30 m A AR IR R
S T A R T KPR35 5~ 6 my 8 ~ 10 m
(FE11),

R IR R A B M A K 0 AR 5 A T ik
J5 R RECE YRR 0181, A+ oo e B % (%
Wk BPA7) % T N 6 m A 00 T R e R B0F B FR AR
0.187, ZE A KT, FHIFEAK 0.184. 20 ~ 30 m = H & ik
Fh A Y 20 m K 30 m & T OC T EAT 4
e e Vo BTG 0.25, I kR 8 R E B2 29 0.14,
0.07, 0.12, F¥ 4L 5 0.11. A, A F B EEMN 2 m
13 3 m RS E RECT 445 0.043,



2024 4 (RIS HE , 5 F R IRAR 5 i) B % A B 5 A\ B B S ke e VR K Bl ot SRR W —— I PR m i A B B - 63 -
x5 BWETEUREETUER
Table 5 Result of slope stability variation considering creep degradation
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Fig. 11 Schematic diagram of the most critical slip surface
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