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Abstract: The distribution of velocity, thickness, and kinetic energy over time and the course of high-
speed and long-distance landslides are important indicators for revealing the disasters caused by cata-
strophic landslides. Shuicheng landslide is a typical hidden, sudden high-speed remote landslide in-
duced by rainfall in recent years. This paper uses Massflow to reveal its disaster-causing characteris-
tics, with the above-mentioned multiple index parameters as the core of the research. The simulation
results show that the base friction angle and pore water pressure coefficient of landslide motion are 20°
and 0.4, respectively. The landslide lasted about 60 s. The maximum velocity of the front edge is 42
m/s. The thickness distribution of the front edge landslide mass on the left and right sides shows the

characteristics of "double peak" and "single peak”, respectively. The maximum accumulation thickness
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is 22 m. The maximum kinetic energy in the left and right main sliding directions are 1.75>X 106 J and

8.5X105J, respectively. The housing construction area was completely buried in 8 seconds. The esti-

mated maximum impact force at the monitoring point of the building is 3346 kPa and 1049 kPa, which

is far greater than the extreme load that rural houses in mountainous areas can be withstand. The re-

search results can provide a reference for the analysis of the dynamic effects of catastrophic high-speed

remote landslide debris flow in Southwest China, and provide a basis for the quantitative assessment

of landslide disaster risk.

Keywords: high-speed and long-distance landslide; massflow; velocity; accumulation thickness;

impact force
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Fig.2 Elevation changes before and after the landslide

SR BRIET R B B R R R, AR T BRI A
B OEAL TR K B RN EREE B TR K AR R
it o AL, W TR DXHT AR S 2019 4B g (0 8%, 2
AT T R ST R R A AR koK
F1R TR S PR 32 i SR 1 A AR B EL N R A AR R
4 PR K T 3, e T I ME P 9 304 o 38 25 A T

989



VRIS 3 DN I & N 3 c i N
TKHRM R I R IR E R R

2 MRAERSHIZE
2.1 Massflow & {4

Massflow {4 J2& i T % B2 B0 19 1% S A o )
SEPE $2 A —FR R 2 MacCormack-TVD A
B 22 3 1 % L b 5 5 R A7 sl A AR 1 B A A
SRR i e B R AT i &S s 8, 5 AR
B HOTEE LA L AR KRR B R RO B A
RO A AT TR o X T KO SR A AL, Mass-
flow B2 G W 4% 4 Jot B A 1 . < Bl A9 B R JR A b
A s R

o

at dx dy
dhu  Chud’ + ky,gh®/2)  Qhuv
WjL axg / - dy -

(1)

(2)

e Ox o0
dhv i dhuv n A(hv’ + ky,gh/2 ):
at dx dy
/eapg/z%*MJrvE
dy e
Ao, o R BAREE BE (g/em?) 50 I TE] (s) 50 Fl 0 53
5 R e My T 1] 3 WK B (m/s) 5 h oy 3 LT )
YIS (m) 57, g 2R BY 15 T3 (Pa) 52, o U R &
(m) s, ) R AL B BLF AR (43587

2 .
by =— ><|:1$A/1*(1+tanzé‘) cosﬂ— 1

cos ¢

(3)

(4)
A, @ 10 73 531 Dhy DA JBE 458 01 DR EE 42 41
K2 500 AL 32 Bl 91 0] AN 2% 18 0 B AR AR Y
A H 550 M s gl AR v A X b 3R )
1) & 7 ZE 1G 0 i B e A B Y () B S e R A 1Y
it B M DT X T R A DX A o Y R
W o B AT — T 00 B T B MR Y T R R
ey Bk S.McDougall % B T4 2 v H &
I T8 BBCE R A0, v, BR Ay il o W (s AT FR Ry
FEAb ey ), o 3 AT A % Oy vk AR T i A R
PRI K 2. Y25 R LAl A MR, S K
o AT

990

o —

In(V/V,)
S
S, VoA Vo B R 0 G A B B K B AR S

T XSO S B AR R
Xif A G MR BEA T A, TR A 2R

(5)

E=ahvu*+* (6)
SN I P S I Rt [T P 2 h/ s W - A
A/— min 20xCr 20yCr (7)

@1+ Jgh 151+ Jgh
A, Cr o RER ARy Courant 2%, HAth S %(F I .
Massflow # {4 DL 13 i B0 #R0h JE ik, 245 &
ArcGIS F A & A7 W e b Aij ab 38 A0 £l J5 b
B, I e /K s Bl oz Bl 3h g ok AR B AR 53 A o

22 BERSHER

H 1l Massflow £ i & A7 4 24 EE 488 7 4 4%
Coulomb-viscous B &I Voellmy # %1 ) & Manning 5
R4 Hh Coulomb-viscous £ A3 JH T 1 3% & 1
SRR IR F S S5 [ A BB A LT 5
SOk IS 3% 26 & Coulomb-viscous 5% % kg 3L i BH
IR BRI R SHR L% o TR T o N EEHE
o FEICEEHES & MALBIK R 1 28 r, 55 1% 350

2 P& S BRI B b il T AR K 5 | RS i AR AR
i, W ) GG AR R B 12 A RO R A ST 2
KRB ARG IS a2 0.644X107°, K Vo
60X 10" m*, V, 3 130X 10° m*, S 3 1 200 m. #R 4
T e R 37 #81y %¢ F1RH DG SCHR IR BIF L 7K 308 3 A O 2 8K
DL 17 LLAE Massflow 155 U AiF 53 26 W P FE 422 £
X 5 ASE AP, AR 552 e 58 /0N, T LB K R 0 2R BRI R RS
JBE 482 A1 2 52 W) W 3% i sl I RN ME FRYE B A R A
FU AR K I PR, P R 4 A B 32.5°7, R
FHIEZE B 75 vk % L B K g 28 B50R B8 IS B 4 4
PEAT A o 5 ALK IR Ty R B8 0.4.0.5.0.6,
53 A JE I EE 45 £ O 187,207\ 22° i iEAT AL B B,
HOHBLIRG (R 2) . BEHNGE IR, 1 e i BE 452
i AN AL B K s g 22003 51 S 2070 0.4 I, fie KOHE AR
JEREZ R 22 m, i Kiz 3l &5 0 1 380 m, 5 7K Ik i
B VR A — 2, KSR U AR AL S RO 3R 3.

F1 KEBESYBETLR
Table 1 Landslide parameters of the Shuicheng landslide

HREp/ MR/  WNEEM¢/  FLBEKES
(kgem™) kPa ) EZ 1@
2714 21 30~35 0.4~0.6




x2 ZIRBH
Table 2 Multi—condition parameters
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3 KB Massflow £ 8 5 2

Table 3 Numerical simulation parameters
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5 At B v S AR B 3 AN [ KO 3 O e
TE) 4% TR RIS Aok 75 T e I 7R 4 R i 3 X sk PN S b
T Ry B s AU, A b T Sy 98 43 A L SR 48 7 MU X K
I T e S A % S ) R CAE A A T 8 A T 2%
iz B R AT T . R 9 TR W AR BT s
TR SEA IR E B X8 B T2 450 m T &2 B
R K B T e KAE, 25 A WA 2% B K s Bl
G350k 42 m/s FVAL m/s, BEAR UL, 22 A 0 T 33
iz h AR RRIE RAR — 3, MMl 2 EMERET
400~600 m F1 900~1 000 m 7K - 5 25 5 Bl 9 (&1 9
(a) .(b))o — 75, 7E/K iz 3h 5 25 2 400~600 m

0 B PR, A 00 3B A e M T A 0 A A
U L 8 T R B B, R R 7E T 400 m A2 A
Y0 PR DX 8] 22 ) 1l T 35 B P 2% A% BE IS 5 32 2l o
PR 8, A 00 M TR 3 R DU AR 2% 6 Hb T HE AT
i R AR E Y E e s s, s &
600 m 4b i b T 3¢ B A PR 2% 728 BE Y i 3, {45 5
kS BEInB i RAH . o3 —Jr L FEKF s B R B R
900~1 000 m B, A 0] T 32 A 20 1 sl 2R, {9 2 A0 e 3¢
A T % B B EL AT 58 B O RRAE R I ZE F 900 m
Aab B I AR < O 5% TR S Sk T B A
b LA R AT HE R, I 53— 4 ¥ A Bl & R

993



WK DEENK | BB
] T —EERREAE
— BN

1 600 ~
21500 130+
-~ E
1 400 {20,
1E %
1300 | |
1200 3 1 | !
0 200 400 600 800 1000 1200

ZfE /m
(a) FKIRIE AL TS EhiE e

IR s X HERAX

— RRREEER |
— N
{40
: ! “
fegt {30
i fﬁi‘fz}i: g
. N15° E i N62° E 20%
I I,.m...—um..E_ % 4 ]0‘
| i
2 0

0 200 400 600 800 1000 1200
ZE /m
(b) AR 20 M s sl

PO oK i ST 4 08 Bl i
Fig.9 The velocity of the front edge of the Shuicheng landslide

T 5% , T BORE T BURE , R B SR I, BEAT R RO RSk
), 78 JF G BORE AL A R, OCA B
.

N TR LY 78 g AR e N
AN SNE R B AN T AR &
iz 2 I B U T8 A i % R BE A R T Bk
iz gy 8 B M iz Bl R B e e 51 I 1A BE R 2 9K
RAEM o R B AE— 72 KV B, 990 3 2 35
JBE R 2% S AT 2 M BB f KT SO
CibNe

3.3 BIWIEEIREEST

ST 5 B RN ATl R de KB B iR Ok i
I, YR 1Y i2 Bl BE i R AR R e, AR i
K Y A2 Bl IR EE RN BE L T 0~60 s B[R] B
TR 28 3 g A AR I SR Y fe K BN BE (1B 10) .
X T Kz 3l e i 0 BCHE 1Y B B, A B R A
I 1) i AR v 0 B KB Bl R R B K iz Bl i A
AN AR5, S RBOME 4 R WK, H R
i Kz 3y J8 B R i Kz ol ol B2 AT 12 R A 7 AN TR
B EEZ) . B e, FH Massflow 4t i1 hv'max B9 9 fig
(hHBEE o BB BE) , BFRiITERFAR
GIS v, I HI A % 3 58 4 D) 8 76 it B il B 3 D)
pADIIBE Y R R A R TR AN | R R AL TR < S B =4
Kiz g fig it .

Sk 3 AT BT 22 AT N AE B R i AR L RRAE
] 51 B W iz A2 AR B B 11 s o 28 sh e
FARBUE HT , 22 0 f K32 3l R £ 43 A1 78 20 3 Je 1
WA W, A B Kz 2 g S 53 A 78 4 S i, 22 i A
A M A f K B g 43 i JE 1.75X10° T A1 8.5X 107 T,
T VR DX SR B S AR G A B3 5T AR T A B
2, W YR T ) FRE R 18] 2 A6 S 3 RE I Y 3
AE R /N 2 AR FR R, 900 3 R A Ak A B KN

994

TS 7
¥ ::93%\ Q‘Ii?{
=l Wp

pS 0 75 150 225 300
3% Q ;

— A

\Ifﬁ‘i: 0
10 K I B 5 K Bh o A

Fig.10 Maximum kinetic energy distribution map of the Shu-

R0

icheng landslide

2.0=10 ....Eﬂu
5 — il
1.5x10° : :
2 1.0x10° | i
ﬁ -
5.0410°
200 400 600 800 1000 1200 1400

ZfE /m
1L KOS 3 Ze A PN 3 % b G2 A O ) v o2 22 ) 1)
Fig.11 Comparison of kinetic energy on the left and right
sides of the Shuicheng landslide (The position of the

profile on the left and right sides is the same as above)



AR 458 9(a) (B 9(b) Al A, 78 N2 3h
DX, 7 4000 i e R ok B AR Dk B b iRk b T A
e U AE 0 TS 2E AT B S 1) 15 S22 By [ B 2 ]
A B e AE 250~600 m 2247 S AR T A M B fig L Ui
HHIZ B B 3t B %oF 8 BB R /N i 45 VR o 3 S b A
1 HE R B B, A2 A W N5 Bl B ) D /N il R A 2
AN K AR 22 B B fe K G KT A, &t T
eI 25 P9 T AR G2 By AR BRI K T A I B (1E 6
=30 s %),

34 BERBNBIEBEENRIIASHT

T Y 1432 B TR RS IR B e E TN B B
&5 S, S TEMEE = 0 T BT B ™ N B TR
KRB H SR N8 R KSR B A R KA
X A S0 s ) 850 R B o R 3 AR IR K R 0 A X
P4 BSF R 53 A, 43 BT T 3 6T 2 S0 400 55 R4 L 17 ok 5 R
JE B 53 A FRAE

R 45 7K 30k 0 33 K A T 4 AR R ol A S R A
B L DX B S A A T AN A A X TR
FE AT A 78 28 S5 b 3 R T A o S Sk W A 1
AL A5 2 & 12(a) ) o HAE 8L 53 B 14 45 SR 3R W]
(B 12(b) F1(e) ), 1 3 IS 3 IF 258 W & 1 H
HEF17 s, B 5123 8 s Ja Bk WE il 45 2, B )8 R4k
DX 38N T B 0 3h B o7 4 bl LB 25 s, 7E 18 s
BF, W0 A 1k B 3R B e KAE K 41 m/s, 7 28 s,
I 2 TR IR B R KA R 33 m/s (181 13) o 3
12 Bl JE oA s (P 14 Wi s 10 0 05, 2 Y
e RIZSNEE AR I m M7 m. P WIS AES2 s
Z ) B AR A

H FI & T 0 3 A 9 o s 7 3 S R IR N K
B, BAR S T A R B R B O R R B
I 75 VG A b DX A I A s ) 4 5 A 36 K
T Y A S i Az o AT AR ST i A U
TR .

6=A&chsina 9)
8

A, o MEAR ph i 7 (kPa) 54 9 45 # W T IR & %
(RS R BB A B, S8 B EC1.33, R 7 JE A
B 1.47) 5y, AT (KN/m?®) ; g R 7 B (— i
9.8 m/s"); V. BB sl (m/s) ;a N 4552 J1 1
Supd Ry de () .

Hop A HC1.33, 3l 2k 4 5 y o 26.46 KN/m?, AR
Fher W 51 RN W e 2 R XS A ST B4 3 R

P12 e

Fig.12 Distribution map of monitoring points locations

—e— 1
—e— 2
40+
»30F
ot
ol
10+
0 'l 1
0 10 20 30 40 50 60

e /s
PRI 13 Mo I ol — o ] 56 R

Fig.13 Speed-time relationship diagram of monitoring points

995



0 10 20 40 50 60

30
feFfE] /s
&l 14 W A5 RE — B ] G R

Fig.14 Thickness-time relationship diagram of monitoring

points

g5tz Jy i 5 vpd JE 5 1 96 =30" .2, =16".
il B A R 15 iR . B R S i
e Ry Dy P M by g AR R T A e
B Ik 1] 34 K, 8 50400 6 A 6 1 B (] P B e S5 e 34
W s 1 B K bk 1 ok 3 346 kPa, Wi A5 2 f oK b
i 710 1 049 kPa, 1fi 24 vfifi J7 88 3 100 kPa B & 57
2358 A ) E I T AL T A K AR e 3 A R X 38
14 o s 7 A0 3 K I KR A P = A SR BE K 32 1Y
Tf AN A, BEAT 1 Ll DX R o S0 BB HIRARD 5 3l 0 3
4 s 45

3500
—=— il
3000 —e— U5 2
2500
-]
%2 000 |
_R
#1500 |
E
1 000

500

0 " I I I "
0 10 20 30 40 50 60

fFE] /s
115 o o wply 0 — e R G R

Fig.15 Impact-time relationship diagram of monitoring points

4 & &

iz ] Massflow $§ i 155 A1 5 91 7K 30 o 3 Bl Bif 25
AR A AT RIS AR B LA 4598

(1) 3z FH A8 JBE 52455 70 W] A7 2550 Ml ASE 00 7 3k o 3
B . LB K s 7 5 B00R 5 i R 18 A
S Y A Bl R SRR L Y OGS .
0045 e W] >4 58 S R 45 AL R OK R ) &R 0 Bl

996

Sk 2071 0.4 B, K 30 ¥ B 932 B B B 5 B8ORS
T I ¢ B 1 S B AR AE AR — 3

(2) BEHLZE R, K IR e i g i K 29
60 s, T 3 HI 2% fe K i 2 B Ry 42 m/s, 22 AT T
] b 9 3B A T 5% J5E 88 43 A 5t B S R0 " ARRAIE | 3 A
KRR 22 mo 22000 F0 A A 98 4% 9 1) B K 3
AEZ3 0 1.75X 10° TH1 8.5 X 10° T, A S 3 o
P AR R FRURIZ By 3 B 22 5 2 5 ) O /8 Bt 22 5 1

(3) 2 HT Y W I o Kb S TR) ek 220 AR 33 %o 1l X
b7z S A S R M Y 2 B i B R T 30 m/s, B
Kig B KT 6 m, B2 1l X A& B 2 40 % .
WE W A1 L2 d5 K ey I Al BEAE 43 5 Ol 3 346 kPa Al
1049 kPa, 8 K T 1l X A K] 7 J2= 1 5097 BE 7K 32 1Y far
M AE .

(4) FRHE /K IR Y 32 sl L iz 3 ik ¥ 12 sl B
HEAE B R AL R Y A A R B W IX B R
LA FEAL T 538 Bl B R R R T
S B I8 S R X, R R EUm A BT
PN e Y S

SR

(1] XIS, hEak, B R, 45 . e o i A2 0 py e i

iz B AT A A s 5 TR 2 i, 2000, 19/ (6)
742-746.
LiuZ Y, MaC W, Miao T D, et al. Block motion
model for remote prediction of high-speed landslide[J].
Chinese Journal of Rock Mechanics and Engineering,
2000,19(6) : 742-746.(in Chinese)

(2] BBV, ARG R ARk TC . 0 DG 58 vy it A2 1 3 -1
JE WA FELT ] TR M A4, 2010, 18(4) - 445-454.
Yin'Y P,Zhu J L., Yang S Y. Investigation of a high
speed and long run-out rockslide-debris flow at Dazhai
in Guanling of Guizhou Province[J]. Journal of Engi-
neering Geology, 2010, 18(4) :445-454.(in Chinese )

(3] BC&RSE, AR, BTG . DU AR =B A 71078

OF Ly P W B SELT] L TR S 4R, 2014, 22(2)
309-318.
YinZ Q,XuY Q,Zhao W J. Sanxi village landslide in
Dujiangyan, Sichuan Province on July 10, 2013[J].
Journal of Engineering Geology, 2014, 22(2) : 309-318.
(in Chinese)

(4] W% B0, REAR 45 U VLI% B 00 3 3 e AR R AIE
SB[ T]. 9 E 5, 2017,32(4) : 7378,

Gan J J, Fan J H, Tang C, et al. Sucun landslide in



[6]

[8]

[10]

Suichang County of Zejiang Province: characteristics
and failure mechanism[J]. Journal of Catastrophology,
2017,32(4):73-78.(in Chinese)

VR, 28 RO T 5 25, 45 DU 1| 58 B o S BURT S A T 33
FRAE S EALE 5[] A A 128 5 TR YR,
2017,36(11) :2612-2628.

Xu Q,Li W L, Dong X J, et al. The Xinmocun land-
slide on June 24,2017 in Maoxian, Sichuan: character-
istics and failure mechanism[J]. Chinese Journal of
Rock Mechanics and Engineering, 2017, 36 (11) : 2612-
2628.(in Chinese)

S BT BREBRF , AT, A vy o O A O A S 3 i gl
PLERBIE S % Jie AR 5 R BR [T ], T 7% M 5 2 4, 2010, 18
(6):805-817.

Zhang M,Yin Y P, Wu S R, et al. Development status
and prospects of studies on kinematics long run-out rock
avalanches[J]. Journal of Engineering Geology, 2010,
18(6):805-817.(in Chinese)

R RIS R O MR i A g P -
1% Ji8 A AR SR P R S BL R A3 B (T 5 A 3 5 T
FEa%4R ,2012,31(6) : 1089-1106.

Wang Y F,Cheng Q G,Zhu Q. Inverse grading analysis
of deposit from rock avalanches triggered by Wenchuan
Earthquake[ J]. Chinese Journal of Rock Mechanics and
Engineering,2012,31(6) : 1089-1106.(in Chinese)
A W SF R . 2 R Sk 28 A ROR A I R
Wl 1 AL R g [T]. A SR K FE 4, 2003, 12(3) -
99-103.

Zhao X Y,Hu H T, Qi M Z. Collision model test of
large-scale high-speed rock landslide in Touzhaigou,
Yunnan| J]. Journal of Natural Disasters, 2003, 12(3) :
99-103.(in Chinese)

Wle sl , s, B30, 45 B T B R e
BB Iy AR SET]. M BT ) A 4, 2018, 24(5) -
699-705.

Yang L W,Wei Y J,Wang W P, et al. Research on dy-
namic characteristics of the KalaYagaqi Landslide in
Yining County, Xinjiang[J]. Journal of Geomechanics,
2018,24(5):699-705.(in Chinese)

Scaringi G,Fan X M, Xu Q, et al. Some considerations
on the use of numerical methods to simulate past land-
slides and possible new failures: the case of the recent
Xinmo landslide (Sichuan, China)[J].
2018,15(7): 1359-1375.

Ouyang C J, Zhou K Q, Xu Q, et al. Dynamic analysis

Landslides,

and numerical modeling of the 2015 catastrophic land-
slide of the construction waste landfill at Guangming,
Shenzhen, Chinal J]. Landslides,2017,14(2): 705-718.

[12]

[13]

[14]

[16]

[17]

[18]

[20]

[21]

Fan X Y, Tang J J, Tian S J, et al. Rainfall-induced rap-
id and long-runout catastrophic landslide on July 23,
2019 in Shuicheng, Guizhou, China[J]. Landslides,
2020,17(2):2161-2171.

o, Ve, X0 7, 4 20194 7 A 23 H 3 K 38 EL XS
Iy S50V SRR D R AR S I LB ST ] TR M
4, 2020,28(3) : 541-556.

Zheng G, Xu Q, Liu X W, et al. The Jichang landslide
on July 23,2019 in Shuicheng, Guizhou: characteristics
and failure mechanism[J]. Journal of Engineering Geol-
ogy,2020,28(3) :541-556.(in Chinese)

LiHB,XuY R,ZhouJ W, et al. Preliminary analyses
of a catastrophic landslide occurred on July 23, 2019, in
Guizhou Province, China[J]. Landslides, 2020, 17(3) :
719-724.

Ouyang C J, He S M, Xu Q, et al. A MacCormack-
TVD finite difference method to simulate the mass flow
in mountainous terrain with variable computational do-
main[J]. and Geosciences, 2013, 52
(MAR.):1-10.

Ouyang C J,Zhao W , An H C, et al. Early identifica-

Computers

tion and dynamic processes of ridge-top rockslides: im-
plications from the Su Village landslide in Suichang
County, ChinalJ]. Landslides,
2019,16(4): 799-813.

Savage S B, Hutter K. The motion of a finite mass of

Zhejiang Province,

granular material down a rough incline[J]. Journal of
Fluid Mechanics, 1989, 199(2697) : 177-215.
McDougall S, Hungr O.Dynamic modelling of entrainm-
ent in rapid landslides[J]. Canadian Geotechnical Jour-
nal,2005,42(5) : 1437-1448.

JAALER TR R I RN 22 2 22 AR TR I K Bl )
BUEBAUID ] BB AR RS, 2017,

Zhou K Q. Numerical simulation of disaster dynamics
based on single-layer single-phase flow and multilayer
multi-phase flow[ D]. Wuhan: Huazhong University of
Science and Technology,2017.(in Chinese)

Gao Y, Li B,Gao HY, et al. Dynamic characteristics
of high-elevation and long-runout landslides in the Emei-
szhan basalt area: a case study of the Shuicheng “7.23”
landslide in Guizhou, China[J]. Landslides, 2020, 17
(7):1663-1677.

AR RSCIT  R R SE L S A KR 7 - 237 A
B BOE AL AT TE[T]. AR R E #2020, 29(6)
188-198.

LiH,Shi W B,Zhu Y Q, et al. Study on the formation
mechanism of "July 23" catastrophic landslide in Shu-

icheng County, Guizhou Province, China[J]. Journal

997



[22]

[24]

[25]

998

of Natural Disasters, 2020,29(6) : 188-198.(in Chinese)
Guo J,YiSJ,YinY Z, et al. The effect of topograp-hy
on landslide kinematics: a case study of the Jichang
town landslide in Guizhou, ChinalJ]. Landslides, 2020,
17(4):959-973.

Zhang Y B, Xing A G,Jin K P, et al. Investigation and
dynamic analyses of rockslide-induced debris avalanche
in Shuicheng, Guizhou, Chinal J]. Landslides, 2020, 17
(9):2189-2203.

JEL B VRS B A A R TR UL 58 e B B A T
iz 3 5T VIR B RK SEMm S (1], 1L i

2#4 ,2019,37(4) :528-537.
Zhou Q, Xu Q, Zhou S, et al. Movement process of

abrupt loess flowslide based on numerical simulation

a case study of Chenjia 8# on the Heifengtai Ter-
race[ J]. Journal of Mountain Science, 2019,37(4) : 528~
537.(in Chinese)

JE A5 BT InSAR H AR BB B0 7 ¥k 1 1 AE R B
Wi f& HE PR PRAS LD ], HR - vp B2 B oy (b [ o
Bt 7K ) S BSUER L 3th 9 5 PR B IS T ), 2020.

Zhou S. InSAR technique and depth-integrated method
coupled model for potential damage area assessment of
large-scale landslide[ D ]. Chengdu: University of Chi-
nese Academy of Sciences ,2020.(in Chinese)

BNE RN BRI T4 TR R AR 6 S S Y s
Wi AL S (T ). Bl O e R T AR 2 4, 2020, 40 (6) -

[29]

867-877.

Li X Q,FuH Y,Zhang Y B, et al. Study on the influ-
ence of topography on landslide mobility[J]. Journal of
Disaster Prevention and Mitigation Engineering, 2020,
40(6):867-877.(in Chinese)

TIRE . £ T GIS F1 Massflow 1) B /) B 4" 2 15t 30 1 3%
TR R A [ D ] R e rh R K%, 2019,
Ding B Z.Bridge risk assessment under tailings dam fail-
ure hazard with GIS and Massflow simulation[ D]. Wu-
han: Huazhong University of Science and Technology,
2019.(in Chinese)

M, A R B2 U8 A B R HL B A A7 (0] o ve
5,2011,37(8):151-152.

Mei T, Xiao S X. Mechanism analysis of bridge piers
damaged by debris flow[J].Shanxi Architecture, 2011,
37(8):151-152.(in Chinese)

L W AR, S AL T 3 Bl ) o AR A Y fE R
WM 7 sk —— LA SN A S i S o LT ] H N K R K
HLHE A, 2019,55(1) : 26-34.

Dong Y F, Ren J, Zhou L. Risk assessment method
based on landslide dynamic process simulation: a case
study of Sinan landslide in Guizhou Province[ J]. Gansu
Water Resources and Hydropower Technology, 2019,
55(1):26-34.(in Chinese)

(AL B iE)



