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Abstract; [ Objective| The influence of rainfall on the instability of shallow landslides was determied in
Xining City in order to provide a basis for the monitoring, early warning and prevention of rainfall-type
shallow landslide disasters in Xining City. [ Methods] The H7 landslide of Nanchuan East Road in Xining
City, Qinghai Province was observed and investigated by using space-air-ground observation technology.
Based on the fluid-solid coupling principle and unsaturated soil strength theory, hydraulic coupling numerical
simulation was carried out to obtain the evolution of porewater pressure, stress, displacement, and plastic
zone distribution of the slope under the action of rainfall. The intensity reduction method was used to

calculate the slope safety factor under different rainfall durations. [ Results] @ The overall landslide form of
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the H7 landslide on Nanchuan East Road was a long strip, which was a tractor-push landslide. The
movement mode was manifested as unstable traction at the slope foot, deformation and sliding in the middle
of the slope, and unstable pushing at the top of the slope. @ Rainwater infiltration caused soil saturation to
rise, matric suction to dissipate, effective stress to decrease, and shear strength to weaken, resulting in the
slope sliding force to increase and the anti-sliding force to decrease, thereby inducing the landslide stability of
Nanchuan East Road to continue to decline. @ After 72 h of simulated rainfall, a nearly penetrating arc-
shaped plastic sliding surface was formed in the shallow soil, and the safety factor of the slope decreased
from 1.17 to 1.01, indicating an unstable state of temporary stability-deformation. The maximum horizontal
displacement was 6.89 cm at the foot of slope. The maximum vertical displacement was 5.98 ¢m in the upper
part of the slope. [ Conclusion] @ Space-air-ground observation technology can effectively support the
investigation and evaluation of landslide disasters, and finite element hydraulic coupling numerical simulation
has strong applicability and good effect for the study of the stability of rainfall-type landslides. @ The
stability of the H7 landslide on Nanchuan East Road will be further reduced under high-intensity continuous
rainfall, which will threaten the safety of roads, buildings and residents, therefore attention should be given
to the potential landslide risk.
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Fig.1 Geographical location and topography of study area
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Fig.2 Numerical simulation model of slope data
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Table 1 Soil physical and mechanical parameters

PAEE 244 FE/(KN+m ) MR/ MPa AR L Fh R J1/kPa NEEHES /(O
AL 1 14.54 40.00 0.33 20.10 30.59
2.2.3 WHFZERARFMHE FBEWABLAFZMR S5 DIRERN R B 7R B R A ok 5, 3% 4R R h A2

F Mein fll Larson 2% #F 57 v 25 B 1Y 9% BF R T 4K
TIFNE 2 R AN /N T AR B B8 1 09 O, RIET A R
KAETBAE 2R AE GE T BE A B BB 19 1Y g 722
ZIN S AEL I IR B I 58 88 00 S 3K B 0 AR TR A B R L
A BRI A S FEAR. B 50 T B o iR i

MG . SN AB KM DB 5T X R K
WA T, B [ TR SR 4 0,020 m/h, [6] I 52 PR R 4%
P BH Y B AR Ak R A B B R DR S 72 h Y
I AR M e TR 9B R B 0.020 m/h, Bl T A VB IR BN
0.016 m/h, RHHE ML) b 5% 14 hy 2 A 35 50 1 AN



% 2

LA TR M R UL A T T R R A T e E S A E 2 BT 227

TR, Fa 2 P2y B % Fl Morhr-Coulomb B% 38 #E ] , 45
L3k A e HE B B T T A R BUK B AR5
BRI 55 Oy Wi i 01 B¢ DE, AF 3% B K253,
JEEHB EF 15 5 8 ) FK O 29 50, R FH Ab ok 4 R & ) 45
AR b o R Sy . BERLFL R AR B R A A
KA AT 343 535 8 Sy Bt K O 2 2 386 0 114 K L
R BT 10X (10—Y) , AB I RFLE R 0, H A A
B AHEAK B MR W S AR RS ) b o T
AR RS Al 4 B 2 i) .

£2 BERERSHS L

Table 2 Classification criteria of landslide stable state
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Fig.3 Real 3D model of landslide based on point coloud data
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Fig.4 Opverall perspective and deformation characteristics of landslide at study area
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Fig.7 Distribution of groundwater levels under different rainfall durations in study area
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Fig.8 Pore pressure distribution of slope with different rainfall duration
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Fig.10 Maximum principal stress distributoin of slopes with different rainfall duration
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Fig.11 Minimum principal stress distribution of slopes with different rainfall duration
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Fig.14 Equivalent plastic strain diagram of slope with different rainfall duration
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Table 3 Parameters and variation trends of landslide and slope stability in study area
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