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Abstract: The identification of geological structures and the quantification of uncertainties in strength parameters are crucial for
assessing the stability of rock slopes. This study proposes a system reliability analysis method for multi-slip surface slopes based on
geological structure detection. The method integrates multichannel analysis of Love waves (MALW) and first-arrival travel time

tomography (FATT) to achieve complementary detection of weak layers and faults. Elastic wave velocities are used to reduce the
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strength parameters of weak layers, and their probabilistic distributions are statistically derived. By incorporating parameter
uncertainties, the surface displacement of slopes and the failure probabilities of individual slip surfaces and the entire system are
calculated. Case studies indicate that multi-mode dispersion curves achieve higher inversion accuracy for both deep and shallow
weak layers compared to fundamental-mode dispersion curves, and Love waves are less affected by undulations at rock layer
interfaces than Rayleigh waves. Slope faults exhibit characteristic wave fluctuations within specific ranges in first-arrival travel time
records. Inversion based on these features enables the localization of local faults.In the case of multi-slip surface slopes, deep slip
surfaces are identified as the primary controlling factor, and the system failure probability is more significantly affected by the
coefficient of variation of the internal friction angle than by cohesion. This method effectively detects geological structures, locates
weak layers and faults, and quantifies uncertainties in strength parameters, providing a scientific basis for slope stability analysis
and mitigation measures.
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B T A P o B T S % R Y 22 0 R
U0 SR G B da T 7, T A RS 1k 5 BRI AR AR B
fi7E Z B 55X (& 4b) |, A5 BYLRE 1 7E 29 70 Hz 4b M3
B Bk BR 2 v B Bk R B R RSS2 N AR Y
LVL & 3 (low velocity layer) #& B (Mi er al.,
2018) , LVL 3 i 1A% 28 22 v 2F 0T A% # , H b Je ik
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R AR IR R A D T R R R 2 L At
25 A5 2 TE fr A B i = B R 0 FRCAE A B Bk ER
PG T BRER B4 DL s B A X R S R A
AU B PE R T B X — FEAE (Luo ez al.,
2007) , A SCR FH 2 #8555 R 8, DAARIE 23 BE 2 L[] B,
WL B, FEAR AR B, SR g i 5 PR (E AR TE 25 5%
X B G S v M I R T I 5 R Y A AR R
N 55 5 [ R 0% 2, PR Ot R R e TR (O BCAS
i (Gao et al. 2014 ).

HeT Z B s a2, R N TS (ABC)
5 29 30 ] N R AT 4 JR 0 B T8 A — 2 A R
2k (1l 5a) , AT ff i 458 J2 OR B il 7 M 52 32 3 o
X 12 A4 I o — 2 i S S A 0 2 A 4 A D
T, G & 5b BT R L i 3% A3 J2 A5 A8 N AT UL A
TE P F- 2 51055 2 IR B F i 3 5 6 iU R 3%
h—3K.
24 B REBET R B

52 W J2 I I8 52 W 1) 22 3 8 R A S an 1A 6 B
AN LU B IR RS LVL Sk 2L, 78 W )2
AR OGN R 0, 2 2R ST E B
AT R I IR AR A 23 B I TT A MATR 2 A
by A I g WA 2 A L TR 2 B B, R AR A

K2 BREEMNBRZGRE

Table 2 Boundary condition settings for Love wave simulation
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Fig. 4 Multichannel Love wave signals and dispersion energy distribution at observation point P, of Model I
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Table 5 Parameters of the slope model
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