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Fig.1 Remote sensing images of the dump

site in Dagushan Open-Pit Mine
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Fig.2 Three-dimensional display of the
DEM data of the dump site

HE 13 (0 B bR 2 BUEE S B A% L AR U
ZHRIRA A THCE A8 5 & A Y i R 3
1.5, HARFE R IR R L Hih
H 5 Ml ) R A KT T A LR A Pl 2 A T
Fr2f U B 2 R RE Y 2R TR M A AL WS
DX A T Pk 7 2 W T K i v 2 U A L B R R AR
I, 4280 T, BEBWELEPE66~9 A
By HEAERER R 5%, ZAE LYW EL R
720.6 mm , fig KA FE TR & 994.5 mm (1975 4F) , iy
KA BT R 416.7 mm (1985 4F 7 A) K H %
FidE M 236.8 mm(19754E 9 A 1 H)HM,

i A SCHRIC 2, 52 AR L b 3R K = 1 45 Ah
SRR e HE G T 2013 4R kAR
RO I W XK 2 140 m, B84y 87 m, W B
HIJG 2529 10 m, W3R AR FRZ) 61 000 m®, J& T
BUTE AR 1 31 . AR D7 o0 3 RS AR T A0, VR T MR
P J5 HE 437 Jay & DX 5 A A7 76 AS [8) B2 3 B A2 L I A



Fded= 5 InSAR 5 HAAE M B R0 LG A RAA XM AT TR L] A LHRE FF KL ,2024,44(6). 219

Pk S Ak 52 R I I KU AR SR AETE
2 HETHELTFE TP (SBAS-InSAR) #
A8 He £ 3 3 3

2.1 SBAS-InSAR #{ R FiE

Bt JF InSAR ( Time Series Interferometric
Synthetic Aperture Radar) 1 & — Ff 5 U b 3% T2 A8
B, BRI Y R s (=2 K80, B
A2 VW %SRS RAE WML E., W7
InSAR # A £ % 4y S ok A HUSE & T 8 &
(Permanent Scatterers Interferometric Synthetic
Aperture Radar, PS-InSAR) fl45 3£ 48 74 ¥ i
I (SBAS-InSAR) P . H: it PS-InSAR >R A 1
AR T WAL, B i il — e i) 28 SRR R IR it T
WX Z S5 ME T —ERE LRI 7B L
fife B0 F SO/ BN, B X — ] B, SBAS-
InSAR $iR iz 12 EAR T B0 AR 40 I 25 e 2
o AT R RN AR R o 2 A TR & TR RN
A X Y I s BE 2 B R R T I A AR A T e

(R H 5 . A B B/ 3 K il - B I I R AR
A, AN TR) 95 X6 4 45 3 G 95 41 A 4 L R SR A5 ik — fif
R FHBT 5B o0 fif i 6 24 F B AT BE A R AL 2
ST R 1) fR RS I PO AE &L TR s RIE T AR 4 R e s
KA RO 5 SR RE % T, SBAS-InSAR 7 AR 4
T TR R BB A R ey B R T IR . A Y
R 2 1 (L B 06 ik o 23 () 3 2 5 K e i ) TR AR 2 4T
PG A RO 55 R AR L B AT AR Ao e 7 B
S FE A AL (DEM) % 22 X% I 748 3 R Y 5
Mt PR AS BF 5T R SBAS 45 58 KR K
W PR AR S B
22 HIENA

AWFGE R 2020 4F 5 A & 2022 4F 4 F A1 &
WFIEIX ) 60 5t Sentinel-1A 7535 TV A 141 SAR %
B D ey Xkt VV IR AL . s 5 5k
BT WIRTE AW B, B NASA $2 45k i 4 X &
TEFE 2] 30 m ) STRM-DEM %4 45 i7F 47 S 3 0 3
T AR 25 B L [ I S A ESA S 4L 0 8 %5 B3 2 1
EERLE IR,

% 1 Sentinel-1A £ B2 S &
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Fig.3 Annual rate of deformation of the dump
site based on SBAS-InSAR
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Fig.4 Cumulative deformation value in time series of the dump site
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Fig.5 Errors in SBAS-InSAR measurements
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Fig.6 Accumulated settlement curve of the dump site
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Fig.8 Slope stability analysis model for the dump site
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Table 2 Geotechnical parameters of the slope in the dump site
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Fig.9 Simulation results of slope deformation

characteristics under static force
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Fig.10 Slope displacement for effective
rainfall of 249.7 mm
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Slope Stability Analysis and Deformation Prediction of Dump Site by Combining SBAS-InSAR and Numerical Simulation
LI Ruren', LI Mengchen®, GE Yongquan'
(1.School of Transportation and Geomatics Engineering, Shenyang Jianzhu University, Shenyang, Liaoning 110168, China;

2.School of Civil Engineering, Shenyang Jianzhu University, Shenyang, Liaoning 110168, China)

Abstract: To explore the slope deformation law of the dump site that landslide risk still exists after the treatment of open-pit
mine dumps. the dump site in Dagushan open-pit mine was taken as an example. Firstly, the surface settlement time series
monitoring was carried out by using the Short Baseline Subset and Interferometric Synthetic Aperture Radar (SBAS-InSAR)
technique. The main settlement areas and stability influencing factors of the slope of the dump site were analyzed. Then.
COMSOL software was used to establish the response relationship between internal displacement and safety factor of typical
settlement areas and rainfall, and to conduct collaborative analysis on the spatiotemporal deformation characteristics of the
study area. Finally, by constructing a Particle Swarm Optimization (PSO) with integrated multi class loss functions to optimize
the Long Short Term Memory Network (LSTM) prediction model, regional settlement time series prediction was carried out.
The results show that there are three typical settlement areas in the central and northern regions, with a maximum cumulative
settlement of 295.8 mm and a maximum annual average settlement rate of about 134.2 mm/a. Effective rainfall is the main
influencing factor of slope deformation, and as the early rainfall process continues, the maximum decrease rate of slop stability
coefficient is about 0.025%. The PSO-LSTM model integrated with multi class loss functions can reflect the fluctuation trend
of settlement in the dump site, and its prediction accuracy comprehensive evaluation index (L ) is 2.48 mm. The research
results can provide a theoretical basis for the subsequent prevention and control of landslide disasters in dump sites.

Key words: Landslide of dump site. SBAS-InSAR, Slope stability, Deformation prediction, PSO-LSTM





