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Fig. 1 Location and general view of Moli landslide, Zhouqu county, Gansu province, China
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Fig.2  Geological map of Moli landslide and adjacent areas
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Fig.3  Overview of Moli landslide: (a) image map; (b) topographic map
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Fig.6  Curve diagram of the displacement monitoring results in the deep part of the landslide:
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Fig.8 Photos of sliding zone: (a) the rear; (b) the middle part; (c¢) the front part

LT V) 2EEE R RACIR 5 18 3 T b R DL W e AR
% . BIRARTE 58 R G AT R 2, Dy 4R B
PSS W B AR I I R W, Ak R T 2,
SN LTI A S R U SO NS IR T S
(1),

K InSAR $ A X 1 38 by o 2l 25 42 T e Ak ik
F743 BT, B i 2 0 1 Ak 0% 3 AR 25,2020
AR 9 A RUR  JT iR 80 2832 3l 1R e T B A g,
ARTEHAIR 100 mm/a, HE YR B A AL TR E IR
&, A 2020 4FFE G A, 1R S AR 1L H T IR R 5L AR

9 BIKREMEIE

Fig.9 Characteristics of borehole of sliding bed B A2 B AR IA 140 mm/a, A AR 2019 4R 8
H Z AL TRERES , Z 5 3 AL B B,
I A ik 60 mm/a( ] 12)

Wt 7 G WA R 7 S B R B R T
N AR GNSST, Bt A& 259 mm, 4P FER

AR (Q)

11 ARG IIEEAE « (a) 38 K5
(b) BRI 5 (e) B3 I35 (d) ST R

Fig. 11 damage characteristics of disaster bearing body:

B 10 EEBEEHEHA
Fig. 10 Shear outlet of Moli landslide

(a) road bulging; (b) house destruction;

(c¢) house cracking; (d) wall cracking



Vol. 40, No.4 S 7 B8 L R O AR AR B SR AR X 563
104°25'40"E  104°25'S0'E 104°26'00"E  104°26'10"E
N _ 401 A
g z = 30
S = g 20
é- : -g %\«4- 10
o o 0] aga ~
=) -10 - 'f " n".\-l
" .
° 220 L
? Z 3 Ll
=) s -30
o L 09,9 o.08 9 0.0% 9 0V
5 2 o o0 o o foGiae G0
- s . | B
28| ~ 60fB P
g $ € o
S S E 40 : i
> °lLoy g 1 !
Ig) NEENY | 1
& e 20 LA
A el -] : !
Q 0 L] L] . :
b g * e et -
:Z g 220 LI .-‘-. ~ = ”_—.‘ - " : :
&S =) s g ! !
£~ > -£ . " 4 g
& / o 09009 100%: 0,09 1 0.09 A 00N .05 .09 1 O
2 _ SRS (D 0 e 00 S0 S Yt Gne o G0
b L .
3 ¢ E A =
Z e (LP/ZU 7 B e Z - 100 C :- -------------------- :
S | m— IR 8 )/ B 4 ? = 80 i '
o | AR (mm-a! % E | :
S| e <30 < E 60 : :
Al «-30~20 C o i :
220~-10 5 40 i :
-10~-5 B . | :
Z| 55 z B2 e TR :
al -s5~10 a 0] mertemn, Ty |
§ +10~20 % R RS R
B 2030 0 100mE OO0 I GO TR0 fieUne Yp
104°2540"E  104°25'S0"E  104°26'00"E 104°26'10"E I

B 12 BEEBH nSAR Bl Rk P TEE (2018 £4 A—2021 &£ 1 A)
Fig. 12 Displacement rates of Moli landslide monitored by InSAR technique ( April 2018—January 2021 )

f) GNSS6 , B #% & 84. 8 mm , Ui B ¥ I 1 2% 10 #%
AR TG S A (J 13) . AT A
2019 4% 9 HE WG H R AR TE , JF 4% 5 g B R (R A8 8
AT 2021 4FE 2 HORAWE), B AR IR, i
R S i 5
4 BUEBAL S A
4.1 OptumG2 KHFIHEBEREENERFE
OptumG2 J& — K 44 FRITHR B A B 4, It
SN ERE e M 4 RO 2 Fhor = E S ik Ak
JEPTIRE . PRI A AL, BRI T
5P AT Ul 1 2 4 R B bE R T ) G R I A R
BOR AT AR R A RO R BE T
XoF S L P S R MRS Bl R Ty G AT BB T 5
4.2 BEBEERNESIRSHEHIEN
AWHE e WO B Oy m 1 S, A

A /mm

600 600
500: :500
400: :400
300: I
200:
100:

o— =S e 1o

04-19 05-19  06-18 07-18 08-17

H39

—GNSS1UK A —GNSS2KFAr s — GNSS3/KFhifs
— GNSS4/K i —GNSS5/KTfifs — GNSS6/K P fe

— GNSS7/K A fe

B 13 PBEEEH GNSS Mt R AT i &
(2021 £4 A—2021 &£ 9 A)
Fig. 13 Surface deformation curve of Moli landslide by GNSS

(April 2021—September 2021)

{7 F%/mm



564 il

40 %5 4

ARSI B2 R AR SR F B AR 539 Mk A A 85 R B R - AR
(Mohr-Coulomb ) Jii I 75 JUJ 8 3 , i) 18] Y0 HE 3% & 4y
KA BT AR St ERR T B R (43 B T
T8 EBR AR T R ) , o B & O 20 000, R
FH B SE R A%, W0 46 B0 i RE D 5000, AT 3
UH 38 % AR, 45 AR B e S BT UIAE AL (18] 14) o K
I B AR e 45 A WAl iy 8 0.5 ~ 0.8 m AR
BRF 1, HO Y I8 B T8I o SR FH A% vh B ) L B
FICHEAT RN, 25 AR B ) 2 45 A AR 15 8137
A A R R (K 1),
4.3 HEER

RKRLTH T, W EERE1.06 ~1.08, 4
TREAREIRE (K 2) , mARFN T 3296 kPa, 1 I
TS TEA TR E B i 3R BOR i e H W TE R B
i 37.5 cm ~67.2 em( & 15a ~¢) .

M LA, YA EE R %00.91 ~0.94, ¥
WA TATERE (R 2) . IRIEBIBITH 4R, B
Pt 2 B R Y 2 5| U R, EEOR R

BOR g HO e kAR KRR 8, h L BB A%
FHEm, DG A Y O 32 Hoh 18 Bk - BG4
B K F v B, 32 I DR T e vp B T VR K L A
Fgg BRI AE . R RS RA
BRI B HY AR YA B8 #E 80 ~ 106 cm Z 1], HO
T S E TR R JE BEAS TR A AS 2.5 ~5.0 em Z [A];
W BRI 2.5 ~3.5 em Z[A]; H BERE AR TR
fiF% 0.2 ~0.5 cm Z [l (& 15d ~f) .

R T AL, M Ae 1 R %0 0.83 ~0. 84, 4k
TARERSE (£ 2) . K ARTE 450, Pk
WA e B AHERS 20 22 5 SRR i 5 5, T Dok
RN Bl Ty e L BO IR K T R B
Hoh i BB IE AL 66 ~ 109 om, Hh B AR TP i B
38 ~40 cm, N B IR K Ik HO BT i # 35 ~40 cm
(B 15g~1)

BE T RR TS 19 2 R AE SRR AL, 5 B
A e 25 2R KA BT A A A TR AL 5 B M I K A
Y RA B — Bt

B 14 HHERE RIEKMELSE
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Tab.1 Statistical table for selection of geotechnical material parameters

T b2 FE v/ (kN/m’) FiE ) c/kPa WEE A &/ (°) PYEMIE E/MPa JAFA L v
Wik(wa L) 20 15 28 15 0.30
H ¥+ (S aRE ) 18 20 16 5 0.25
KR T 0L
HO WK 2% ¥ Y i 1T 20 10 18 20 0.30
WK (CTAE) 22 20 35 25 0.38
HEEINQ UV ) 21 13 27 13 0.30
H i+ (SR +) 24 18 15 3 0.25
B L6
HO IR % ¥ Yk ¥ T 22 8 16 18 0.30
IR (THCE) 25 18 32 22 0.38
HE T 72 B ZUEE VI, KT i 52 0 8 8 B 0. 2
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Tab.2 Calculation results of landslide stability
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Fig. 15 numerical simulation results of landslide stability and failure mode :

(a) shear dissipation diagram under natural conditions; (b) potential deformation diagram under natural conditions; (c¢) distribution diagram

of maximum principal stress under natural conditions; (d) shear dissipation diagram under rainstorm conditions; (e) comprehensive

displacement and failure deformation diagram under rainstorm conditions; (f) distribution diagram of maximum principal stress under rainstorm

conditions; (g) shear dissipation diagram under seismic conditions; (h) comprehensive displacement and failure deformation diagram under

seismic conditions; (i) distribution diagram of maximum principal stress under seismic conditions
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Characteristics and Failure Mode of Giant Moli Landslide
in Zhouqu County, Gansu Province, China

GUO Fuyun', WANG Xin', WU Zhengjun’, ZHANG Yi’, MENG Xingmin’, SHI Pengqing'

(1. Institute of Geo-environmental Monitoring of Gansu Province, Lanzhou 730000, China ;

2. The third geological and Mineral Exploration Institute of Gansu geological exploration and Development Bureau

Lanzhou 730000, China ; 3. School of Earth Sciences, Lanzhou University, Lanzhou 730000, China)

Abstract; Zhouqu is one of the counties with the most serious landslide disasters in China. Moli landslide, located
on the left bank of the upper reaches of the Dashuiba River, the first tributary of the Bailong River, is a typical

giant landslide in a fault zone. This unstable landslide is seriously threatening households and properties in Guoye



Vol. 40, No.4 S 5 L0038 A A B A K 569

town, Zhouqu, China. In this study, UAV mapping, field investigation, deformation monitoring and numerical
simulation were applied to analyze the development characteristics, deformation trend and failure mechanism of the
Moli landslide. The results showed that: (1) Moli landslide has a clear shape and structure. Its planar shape is a
long strip with a length of 1500 m, an average width of 385 m, a thickness of 32 ~73 m, and a volume of 2. 12 X
10" m*. The material of the landslide was composed of broken phyllite. This landslide was a giant ultra-deep
accumulation landslide, which is a typical kind of landslides in south of Zhouqu. (2) The reactivation of the
landslide was mainly triggered by heavy rainfall. The lower section of the landslide slid first, and the middle and
upper sections crept and deformed under the effect of traction. The movement rate of the lower part was greater than
that of the middle and upper parts. The sliding mechanism was a typical traction sliding. (3) The numerical
simulation results illustrated that the landslide under different engineering conditions varied from unstable to
basically stable, and the failure mode of the landslide under adverse engineering conditions was dominated by the
overall instability deformation or sliding. Considering the large scale of the landslide and the lack of basic
conditions for engineering constructions, it is suggested that residents threatened by the Moli landslide should be
relocated in time. The suggestions have been adopted and implemented by the local government and achieved the
benefits of geohazard mitigation. This study could be able to provide a technical and methodological reference for
the research on the landslide reactive failure mechanism, emergency response and risk prevention and control in

similar areas.

Key words: Zhouqu; giant landslide; failure mode; prevention and control measure



