doi:10.3799/dqkx.2025.147

TR B BRI M2 i B 8 R HEE L R R Bk AR ' & 1P
M——LLEHI “12.20” SEEA B3N]

PEM L, XG>, BB, B, FEES, XEH e
(1. FR R ERRLE S TRESABE, YL75F A 210023
2. 4 @ BT TR 5 b S A B M 3 A S B s = (PR, WIS KD 410083
3. WA (LIRS M o E IR R 4 TSI =, Wi K 410083
4. R ERRLE 515 B EERL, Wi K> 410083
5. KR NBRFE, BEPETEZ 710064
6. TUHE AL, WL T 315800)

OB Il ] M IR BRI v B 4 5% R R AR A B K R R SR N U T IR AR R e VAR N T
BRI, AT CAERII<12.20" 6 B Oy SR 2], SR ZE IR FE R0 1) Massflow B AF R B4
BEARA, FHEL TS RRE S, miRiE sl KA A R AL . IR A Y R R T R, B
fii TS HOE B AR D BRI R IR R . R BN S M T HESR, ¥ AR S HO I SRR N BE AL
A, BT ST R TR AL, $ER T 2 BRI R NI IS S S G THRRAE, RN T b
B SNBSS b T R RN () SRR AR A . 7R IR b, S AR R AR G, KA R LR N Bk
AT RS VPATY o F 78 485 R WA« TR FER AR Ui 42 T I S Zh A VA RHAE , BT I TEAS L 1230928 (1139m)
JHERTEAS 5 SE B s DB =i FE 65 132 S oon G (ks 1 g 52 T S DR K 4 Ve A 320 9 3 DR 1)
TR, FLUGAE R 77 B B 40 B0 B 1 i S5 38 ek D s 38 3ok B T S MO 5 2 1 4 3 32 B B S R R T, s
B HE AR 52 2V T ST 1S 95% BAS X I8 PN, B 55 X 3 5 fa P [X K1l 5 L v BE TG o AR T3 HE (A &
IRFERR M5 AN 3 R A3 AT IR AR 5 R VPR RE S, Sy N T HE SRR B 10 s B KB AP AG B A4 T 53, b e IRk >
FE R I [ R MY 2 4 BLAT B R (B S

XA KREEAN: BRMEL RN REERRE e

HE SRS P642.22 WA H#: 2025-05-01

Quantitative Risk Assessment of Solid Waste Landfill Slope Instability-
Induced Disasters Based on Depth-Integrated Method and Uncertainty

Analysis: A Case Study of Shenzhen's ''12.20" Guangming Landslide

(1. School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China

HEWE: HEAAFIFEEESENo. 41902291); #5485 5 T W T b5 B SR TR R AR 72 H O JF ORI (No. HECGD202501); MiFE#E
JTE 5575 H (No.23A0015)

S—EH: PHB (2001, %, WLOFRE, FENSEHREDE S REAEITET R LIE. E-mail: 652023290013 @smail.nju.edu.cn,
ORCID: 0009-0000-4841-6708

SERMEE: W&EE (19870, B, 4, BIBIR, FENFHTRFENA S KRS TAE. E-mail: csulll@foxmail.com

1


mailto:csulll@foxmail.com

2.Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring, Ministry of Education,
School of Geosciences and Info-Physics, Central South University, Changsha 410083, China
3.Hunan Key Laboratory of Nonferrous Resources and Geological Hazards Exploration, Changsha 410083, China
4.School of Geosciences and Info-Physics, Central South University, Changsha 410083, China
5. School of Highway, Chang'an University, Xi'an 710064, China
6. Ningbo Polytechnic, Ningbo 315800, China)

Abstract: Urban solid waste landfill-induced high-steep slope instability often leads to secondary disasters such as
extensive building destruction and casualties. To quantitatively evaluate the disaster risk of artificial landfill landslides,
this study takes Shenzhen’s “12.20” Guangming landslide as a case study, employing the depth-integrated method-based
Massflow software to construct a dynamic numerical model that reproduces the entire evolution process of landslide
initiation, high-speed movement, and deposition. By coupling with impact pressure calculation methods for landslide
masses, the destructive impact effects on surrounding buildings were quantitatively evaluated. An uncertainty analysis
framework was introduced, treating geotechnical parameters and sliding surface properties as random variables. A
probabilistic analysis model was developed through Latin hypercube sampling, revealing the statistical characteristics of
landslide travel distance under multifactorial influences and establishing a correlation model between landslide motion
exceedance probability and building impact damage. Building vulnerability was further considered when conducting risk
assessments for structures and nearby personnel. The study demonstrates that the depth-integrated method effectively
captures the dynamic evolution of landslides, with simulated failure surface morphology, travel distance (1139m), and
deposition pattern highly consistent with field monitoring data; impact pressure from landslide masses on buildings
exhibits a rapid rise to peak values followed by gradual attenuation, with peak pressure decreasing significantly with
distance from the landslide source; probabilistic analysis of landslide travel distance based on parameter uncertainty shows
the actual deposition zone entirely falls within the 95% confidence interval, and building damage areas align with hazard
zoning results. The proposed risk assessment framework integrating depth-integrated modeling and uncertainty analysis
provides a novel methodology for quantitative evaluation of engineered landfill landslides, offering significant theoretical
and practical implications for solid waste landfill safety management in the context of “zero-waste city” development.
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Fig. 1 Basic situation of Guangming landslide in Shenzhen (adapted from (Gao, 2018; Wang et al., 2022; Zhang et al.,
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Fig. 3 Simulation results of landslide movement process (results of MPM adopted from Wang et al. (2022))
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Table 1 Comparison of simulated stacking results
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Table 2 Impact response parameters of buildings under simulated landslide loading
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Fig. 5 Temporal evolution of impact forces and cumulative load effects on buildings
a. V)R iy AR I 2 b, Sh e A R A 2
WA o s 1 B T A0 5 R S B 0 Y 9 o 2 300 2 S A o BT 5 RV SR R B ) A
VAR iy i 7734 475.8kPa, Tz sl E (#F 983m) JIIf% % 53.2kPa. R4 Zanchetta et al. (2004)42 Hi FIHESE &5 44
) G AR IEREN], i He D0 100kPa IR ™ B4 R 5. THE SR IR, A-D @RV 2 IEE bl
e 3B LI SR, X IR T 3 b 2 SR K TR B BB R A I SR T 7 2L A e
— Lo b A AR AR (18 S5b), G ST B S AL B A R b s B R B RO
JEa TR AR . R 3 Bl Bor, @R R R A AR E MR 1~1.5 £, XIGIE Tt dnd R
T B A 38 ) s I A R i B TR DR, RTINS B S 1 32 B S i SR A LA R K30 0 SRR E o BIF S R XS T
S B PP AT S e i R A R e B LB R B AN
® 3 EH R SO R SR T AR AL

Table 3 Impact load parameters and stable accumulation characteristics of buildings under simulated landslide loading
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Fig. 6 Implementation framework for vulnerability assessment of elements at risk
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Table 4 Statistical parameters of random variables including probability distributions and correlation coefficients
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Fig. 7 Uncertainty quantification of model predictions via hypothesis testing
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Fig. 8 Landslide hazard zonation based on probability of exceedance and sampling strategy validation
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Table 5 Parameters for Building Risk Level Assessment
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Table 6 Summary of building risk assessment results including vulnerability analysis
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Table 7 Parameters for Building Risk Level Assessment
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Table 8 Population vulnerability assessment near buildings
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Fig. 9 Multidimensional risk assessment incorporating vulnerability of elements at risk
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