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Fig. 4 Field investigation of different movement stages of "7. 23" landslide in Shuicheng, Guizhou
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Fig. 5 Characteristics of the impact and scraping area of "7. 23" landslide in Shuicheng, Guizhou
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Fig. 6 Field investigation characteristics of "7. 23" landslide in Shuicheng, Guizhou

3 BEE N FHEEIU S T

3.1 HEEYEKRE
3.1.1 DAN3D /A R K R 22

R B A AT K 38 B a2 B A B Y e 7 AL
JE, AR FH DAN3D KB A X6 i 3 1 oot 37 )it
FEGFATRLHL . DAN3D 3R 2 % 22 A B8l ) sk,
TR A (7] DX 350 ) 3 I AR PR DR 1 SR BN [ ) it B A
B, 25 BT AT 24N W B B A AR SR
H Voellmy B %Y  Frictional BAYE1 7 3 8l 1 244540 .

DAN3D #2511 1 3 57 18007 ) 52 ), oy
TR, SIS E S B0 W S SRR AT
G3HT o BRI (E,) 257 T B BE T 00 78 5t AR HE
B KB S50 KR B[ A1) | FoR A B
KA AR T A SRS RITR B . 1A E Gl
AT 39 T R AR AR A AR B K
B 53 L 20 3 A 78 X . E TR AR

E=—— (1)

2 VS A X T AR VR T AR
DX ) U B AR 5 S i AN IX sl - T B

B S KGR B RN

E.=Ehwv, (2

Ko h SRR v S xOr BRI E R
A

) 5 ARG B RE A G, YRS Sl R R
= ) S R A AR R T IR AR A
IR S5 BT M S8 E,, B AR B i VAl

~—

3.1.2  HALB AR B A KR

R Y 33 A 1 S B O L 7E 2 S AR i
B DCORIHE R IX B X AR [ DX 3 4 R 2R X 17
TAEREHY 23k 22 2 R A3 AT T L, 2 A i 3 S
briz g REAE (A s 0 55t , DLBE 8 Sy 3, T IR IX 3
HRUEE JERABE A 5 =] X R S AR X WA iz s B A K 1R
U TR TSI ), P Voellmy #5551, #8432 5
TR FH FVV SRS S A T AR AL

NV AR AL T TG SR 1 iR . Wk
FEN S RIEE LA XA, A AN %5
BOR y=21 kN-m™, o =35°; W 3% 2L A sm B,
J5i Gk R SE A ZEBUK  HEN I T A AR A L BR K
JE A7 G5 A AU 0. 5 ~ 0. 8, HUE M 0. 65 M
B2 BR A7 B REAE , 00 9 fe K IR EE A 10 m;
T MRS Rk EE R M R 190, BEE R KU 0.32 (f=
tan19°) , OGRARUE 0. 35 48 52 B2 30 2047, T I R 4
EZ{E§=4OO mes~?,
3.2 ZERAH
YR Eh A F AR

B 25 R R | W Bz it B SR 80 s, T B
B Kz S IE B K 1 430 m, W I HE BUAR AR R GE 116x
10°m’ W3S shadh A b ME R RS 3 A A S (i 2k (R an &
THR , B2l a2 ARR S0 B L, W i = A
0 R BN [ HE FRUEE B 19 AR A L

0~ 10 s T BT AT W, B Irmh
N17°F, — &40 W A 5% B W IR X, 55 — 3843 220t #4h
RS A , = N I8, R AR phli 59 LR R O f 47 DX T
Z IR

3.2.1



P TR IR « SR IR ™7 23" o (o S AR T 38wl el 7 B 2800 23 541

$539% 44
F1 KEEEHNEHENSHEER
Table 1 Parameters of dynamic calculation of Shuicheng landslide
[X 45, i AR A A y /kNem * 0/ ! KA RIRE /m r, &/mes™?
TR IX Frictional 21 35 — 0 0.6 —
B X Voellmy 21 35 0.3 10 — 400
HEAX Voellmy 21 35 0.3 0 — 400

10 ~ 30 s WA HE A BI57 8 X, A W oo 47 1) X v
PN A G 25 1L 8 3R 2 U A R L IR
W A, WA R I, R ASLIE s, i T A YR
PAFERL W R I IR 2 iz 2l , i A B0 2% vhil 1n) T iz
8l Zead iy = X K D J2 i S

30 ~ 40 s T T AR C et 57 X, ¥ N34°E \N5°
E W45 0Pt iz 3, S5 5 i AT v R L S e
BIDX, 76 40 s B, B8N W PR ) 4Bt B ) X, W 1A AT
Gt AMERUX I IFERIC A o

40 ~ 60 s W IR TEHERUIX BT A G dkskiz shy™
B, AN T HE R 80 7 10 B & DX S s 3, 5 O T AT
TE 4k 2532 2l A Wil A B HE R I, HE B B O I
K

60~80 s Fif /7 W /R 45 142 3, J5 7 W AR B T
T3 HEFRUA B BELPS LA B BH I3 4 L, 9248 [l 1if (9 32 213
Wi ik AR HERDE S W E 7 R, e Kz shiE
151430 m, e KHERUSERE 29 20 m, I 5 SEPRIG LN

1 800+ 1 800
1600 26 1600
24
1 400 22 1400
20
1200+ . 1200
E 1 000 X E 1000
§ iy
& Ik ﬁ L
= 12 5
800 800

’ .D %

0+ — T T — n T 0 - — T - ;\‘ \ 1 —— T 05 T T T — —r ¥
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
BE B /m P /m BE 25 /m
(0s) (20's) (30s)

S\ / JEEN ~ )
f T T T T T
200 400 600 800 1000 1200

A NGRS N N — ~ P~
NAVAWLATNE AN ( ) NAVAWCA TR,
0 2‘00 4(‘)0 660 860 1 ‘(]00 1 ‘200 0 200 460 0
BE B /m
(40's)

N T L
BB /m
(60 s)

P 2 /m
(80's)

B7 ST 23" BRIE s R EESELE
Fig.7 Contours of deposit thickness of "7.23" landslide in Shuicheng, Guizhou
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Contour comparison of deposit thickness with and without the scraping effect of "7. 23" landslide in Shuicheng, Guizhou
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Impact and scraping effects of the high-elevation,long-runout ''7.23"
landslide in Shuicheng , Guizhou

GAO Haoyuan',GAO Yang’, HE Kai**,LI Bin'?,ZHAO Zhinan', CHEN Lichuan*, WANG Yongfu*

(1.College of Geological Engineering and Geomatics, Chang ‘an University, Xi "an,Shaanxi 710054, China ;2.Key Laboratory of Neotecton-
ic Movement and Geohazard,Institute of Geo—mechanics, CAGS, Beijng 100081, China;3. China Geological Survey , Beijng 100037, China;
4.Chongqing Engineering Research Center of Automatic Monitoring for Geological Hazards, Chongqing 401120, China)

Abstract This paper analyzes the Shuicheng"7.23" landslide in Guizhou, 2019. Based on the field survey, Un-
manned Aerial Vehicle (UAV) images and numerical simulation, the movement process, and impact and scraping ef-
fects of this landslide are characterized. Results suggest that, (1) the Shuicheng"7.23" landslide sliding volume is
about 70x10* m®, with the horizontal slide distance 1,360 m, elevation difference 430 m between the front and the toe,
and the equivalent friction angle 19°, implying a typical high-level, long-distance slope slide; (2) After the initiation of
the slide, it hit the convex ridge, scraped the residual slope soil of the surface, disintegrated and formed a debris flow,
resulting in a maximum scraping depth of 11 m; (3) The numerical simulation shows that the maximum velocity of the
landslide is 30 m*s™, the maximum kinetic energy is 8,900 kJ, the scrap volume is 46x10* m’, and the deposit volume
is 116x10* m’, with an obvious amplifying effect of hazard ; (4) The impact and scraping process of the Shuicheng land-
slide can be divided into 3 stages, impact insertion, shear nappe and mixed accumulation of sliding debris.

Key words high-elevation and long-runout landslide, dynamic mechanism, impact and scraping effect, numerical

simulation
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