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Abstract

In this study, a landslide in the seasonal permafrost area of Maqin County, Guoluo Tibetan Autono-
mous Prefecture, southeast of Qinghai Province on the Qinghai-Xizang Plateau, China was selected,
and the evolution process of slope deformation under natural conditions and rainfall infiltration
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was analyzed by FLAC 3D software. The results show that the rainfall significantly increases the de-
formation of the landslide, especially in the x-direction, and the x-direction displacement of the
landslide increases by about 25.186 m under rainfall conditions. In addition, the distribution char-
acteristics of the maximum shear strain and maximum stress also changed significantly, in which
the maximum shear strain increased significantly in the middle of the landslide accumulation layer,
while the maximum stress was in the middle of the trailing edge of the landslide and the surface
accumulation layer. Further analysis reveals the influence of rainfall on the safety factor of the plas-
tic zone of the landslide, and the simulation results show that the rainfall leads to a significant de-
crease in the safety factor of the plastic zone, which increases the risk of landslide instability. In
summary, rainfall increases the moisture content of the landslide, reduces the shear strength of the
soil, and the pore pressure continues to rise, thereby aggravating the deformation and instability of
the landslide. The purpose of this study is to provide an important theoretical basis and technical
support for understanding and predicting the dynamic behavior of landslides in the seasonal per-
mafrost area of the Qinghai-Xizang Plateau under rainfall conditions.
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Figure 1. Engineering geological map of landslide area
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Figure 2. Geological structure profile of landslide
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Figure 3. Monthly temperature from 2014 to 2023
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Figure 4. Monthly precipitation from 2014 to 2023
4.2014~2023 B A MK EE

DOI: 10.12677/hjce.2024.1312260 2373 AT


https://doi.org/10.12677/hjce.2024.1312260

500 =

—o— 4P F /K Bk (mm)

400 —

300 —

&= (mm)

= 200 —

PR

100 —

0
I I | I | I I I I I I
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Fbr

Figure 5. Annual average precipitation from 2014 to 2023
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Figure 6. Mohr-Coulomb model and failure criterion of geomaterials
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Figure 7. Region definition of flow criterion

7. REnEN B XEE X

DOI: 10.12677/hjce.2024.1312260 2376 AT


https://doi.org/10.12677/hjce.2024.1312260

3) BIVIEBTER L
B, BIEBTVIBOIAR, J5RE(10)M i 45 21

B
oo,

09°
oo, N
a9°
oo, -

0 (14)

N

v

#9999 09 age . ActRIAS B, 4RRITESE () EE:
0o, 0o, 00,

1 ag uag xag =_a1+6(2Nu/
0o, 0o, 0o,

5,| 9 %0 %9 - a,(-1+N,) (15)
0o, 0o, 0o,

S; 2 ’ag lﬁg =N, -a,
do, 0o, 0o, v

Hf =1 (WAK(6)15:
o =0, +1° (al—azNW)
o) =oy+Va, (1— NW) (16)

N _ 1 s
oy, =0, +4 (—alNW+a2)

Al

fs(al',og')

A=
(al—asz,)—(—alNW +a2)N¢

17)

3.2. LR F MR R

HRE LA R ARGt ) Ve Re Iy, SRAT 7 8 T [A) PR s SR Ve AR R BT, 2855 1 R e e AR ofe 0 5 8
(17 Mohr-Coulomb 85 7) Ji IRk W EAT THEED, B e ST AR 25 fF—— BARIRES S 1EATIRES . BARR
BREEIMEHES D T EEMKERZINZA RIS Z 5, LK & R B RARKF, A
LB B FNAE 2 BT . RIS 2 48R TR IR AR 2 AL FE A R 52 R RIRES, Akl
HRIFLBR K e A S, X FERRRISREE N R, R AR TR R AR ) 215 B 1Y 0

AR P i A 794 i AR 7 R S A AN 1 R S 2O R SR A, R A e R e A e AU, AR R T
VB N E HUIRES o ARHEAH SIS SR B A AN Se 0 s HR 45 51, 19 8 LA B ) S 5E R 1, BW
FKAETR, (1) 2)s QL LSHRYE Ch L TREENZHTE GB500212009) HIFRHE, AR SLPRIFHLHEAT %,
AL Dol AL B o SR SV AL T SN AR B )3, 187 —3ER11 53 9369 AN A% 53T A 9505 A5 ri e,
fE 5 m FER) = 4EMRS B (] 8 FraR), THE H ARSI AR AT, W BYIUEA B FYI46H
FERNZE, N ERURE H PRI R 44.92 mm 5, JREE 4 AN A

DOI: 10.12677/hjce.2024.1312260 2377 AT


https://doi.org/10.12677/hjce.2024.1312260

FLAC3D 6.00

©2019 ltasca Consulting Group, Inc.

WAt
B g2
I3
i 4
H
o PR i
13 o U O

Figure 8. Grid model
8. MgHEE

Table 1. Physical and mechanical parameters of soil
1 RN FEESH

+2 IR FEEE(kg/m®)  BIRELEMP) ML FiEA(kPa)  WERIEM(C)  BuiisafE (kPa)

SN 1900 20 0.34 40 30.0
1)

AN 2000 10 0.36 10 24.5

SRS 2300 100 0.30 120 34.0 50
2

N 2380 50 0.32 30 28.5 5

SRS 2400 300 0.29 240 40.0 100
(3)

HFn 2460 150 0.31 150 35.0 70

4. DGR

41. BRFH

H RS T FLAC3D Bfa Al 4 R an 1] 9 fror, P40 B S AR AL A2 5 A1 35T 1) 1 o AR 4] 9(a)
FIHL X J7 R OR LR e AR AT 3 R B i KA o AN rh A KA A AS T A, R AR IR T T H 2
0.48 m. I 9(b)FI %A, z J7 IR ANIFEN 0, WAL T LLEAG @RS . BoRBTVINIAL - N A7 AN W
SE N AT DL T S P9 P S AN AR RE B DX I, R X3 7R B B AR o R P O(c) R, T IX BY D) A d K
&%y 8.627 x 103 Pa, FEAEPIEFWIRLGH T E, FAETVIBIAKITRE. M 9(d)w s, &AL
PN )R AEAE I R G AL B SRR SRR, SRR N J 3R L)) 4.948 x 10° Pa, o) KA
R . N 9(e) AT LAty T 38A S b 1) A A S B HERR R R I . 1 S5 2 PR R AA
FERLTHRR BT OIRIR,  HUS SR ) T 3 BL5 [ 0 A, 3800 1 R OE S shimm i wl gtk B Box E
IRFEAF NI AR I 22 RHON 2.34, AL T LEBR RS . I 9N ATELA Y, ARSI R IR
AT RIBATIRES -

DOI: 10.12677/hjce.2024.1312260 2378 AT


https://doi.org/10.12677/hjce.2024.1312260

FMK 55

FLAC3D 6.00 (@] [FLAC3D 6.00 )

©2019 Htasca Consulting Group, Inc. ©2019 Htasca Consulting Group, Inc.

Zone X Displacement Zone Z Displacement
53E-01

4.81! 0.0000E+00
4.5000E-01 -2.5000E-01
4.0000E-01 -5.0000E-01
3.5000E-01 -7.5000E-01
3.0000E-01 -1.0000E+00
2.5000E-01 -1.2500E+00
2.0000E-01 -1.5000E+00
1.5000E-01 -1.7500E+00
1.0000E-01 -2.0000E+00
5.0000E-02 -2.2500E+00
0.0000E+00 -2.5000E+00
-5.0000E-02 -2.7500E+00
-1.0000E-01 -3.0000E+00
-1.5000E-01 -3.2500E+00
-2.0000E-01 -3.2639E+00
-2.5000E-01

-3.0000E-01

-3.5000E-01

-3.6615E-01

FLAC3D 6.00 (©| [FLac3pe.00 @
©2019 Itasca Consulting Group, Inc. ©2019 Itasca Consulting Group, Inc.

Zone Maximum Principal Strain Inerement]

Zone Maximum Principal Stress
Caculated by: Volumetric Averaging ‘Calculated by: Volumetric Averaging

8.6268E-03 4.9471E+04
8.5000E-03 I 0.0000E +00
8.0000E-03 ~1.0000E+05
7.5000E-03 = 2 o000E+05
7.0000E-03 ~3.0000E+05
6.5000E-03 -4.0000E+05
6.0000E-03 5.0000E+05
5.5000E-03 -6.0000E+05
5.0000E-03 ~7.0000E+05
4.5000E-03 -8.0000E+05
4.0000E-03 -9.0000E+05
3.5000E-03 -1.0000E+08
3.0000E-03 -1.1000E+06
25000E-03 -1.1547E+406
2.0000E-03

1.5000E-03

1.0000E-03

5.0000E-04

0.0000E+00

-4.8371E-06

FLAC3D 6.00 (e) FLAC3D 6.00
©2019 Itasca Gonsulting Group. Inc.

©2019 Itasca Consulting Group, Inc.
Factor of Safety Zone Saturation
lue = B 0.0000E+00

Zone State By Average
None

shear-n shear-p

shear-n shear-p tension-p
shear-p

Figure 9. Landslide analysis results under natural conditions. (a) x direction displacement nephogram; (b) Displacement cloud
diagram in z direction; (c) The maximum shear strain cloud diagram; (d) Maximum shear stress nephogram; (e) Plastic zone
cloud diagram and safety factor; (f) Natural condition saturation cloud map
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Figure 10. Landslide analysis results under rainfall conditions. (a) x direction displacement nephogram; (b) Displacement
cloud diagram in z direction; (c) The maximum shear strain cloud diagram; (d) Maximum shear stress nephogram,; (e) Plastic

zone cloud diagram and safety factor; (f) Natural condition saturation cloud map
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Figure 11. Displacement evolution of monitoring points with time. (a) Natural conditions; (b) Rainfall conditions
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