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Deformation and movement characteristics of debris flow
landslide: A case study of the Shaziba landslide in Enshi, China
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(1. Faculty of Engineering, China University of Geosciences (Wuhan), Wuhan, Hubei 430074, China;
2. Institute of Geological Survey, China University of Geosciences (Wuhan), Wuhan, Hubei 430074,China)

Abstract: Debris flow landslides usually exhibit high sliding speed and long-distance slip, and their unstable slide
is easy to cause serious damage to the surrounding area and significant property loss. On July 21, 2020, under the
continuous influence of heavy rainfall, the Shaziba landslide in Enshi lost stability and transformed into a debris
flow landslide, ultimately depositing within the Qing River, forming a dammed lake. To explore its kinematic
features, such as velocity and displacement, during the Shaziba landslide’s sliding process and the evolving

patterns of the landslide mass, a three-dimensional numerical model of the landslide was constructed using high-
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precision ortho-images obtained from unmanned aerial vehicles (drones). The parameters of the model were
calibrated based on the mechanical properties of the landslide mass obtained from laboratory tests. Finally, the
Particle Flow Code (PFC3D) software was used to simulate the process of the Shaziba debris flow landslide from
sliding to deposition. It is determined that the movement time of the landslide was approximately 757 seconds,
with a maximum average velocity of 4.9 m/s, and an average sliding distance of about 960 m. The dynamic
process of the landslide can be divided into three stages: unstable sliding (0 ~ 18 s), flow propagation (18 ~ 331 s),
and low-speed deposition (331 ~ 757 s). Throughout the sliding process, it exhibited the characteristics of hyper-
distance and loss-distance, as well as the volume-increasing effect of debris flow landslides. The deposition pattern
of the landslide mass in the Qing River displayed a conical accumulation shape, with thick accumulation near the
landslide exit and thin accumulation in the opposite direction of the landslide, which closely matched the actual
situation. The model effectively reproduces the sliding process of the Shaziba landslide from instability to

deposition. This study can provide valuable insights for the prevention and study of geological hazards related to

debris flow landslides.

Keywords: debris flow landslide; numerical simulation; PFC; deformation evolution; motion process

R i AL T I P AR AT Dy v G R U B, LW R AE T
St R RO IR AR ECE AR . TR A &
PARE o  h SO R B A R, HE AT | A TP =
W, 3 ™ A A A 0 B R, 1965 4F 11 A 22—
23 H 2 B Ak ¥ 2 U8 VA W B % 2 2 R BT B, S
4R L A 444 NGB XED; 2003 4F 7 A 13 H =kJE
XYM IR T PR I S8 24 ABUT- KB, 4 R &
BAA L B D) 2010 4 6 H 28 H, 5% MM 514 5 12 41
KIS S A 0 T8 1 38, S0 RS AT A 5, 99 A i
MEW; 2017 4F 6 H 24 B DY )11 48 BT 756 B 2 R0 s
o 4 R T 8 T T B, 2 min P Bh 2 500 m, E Al 83 A
T B K BE, 3 N2 A5, 103 [8] B = 5E 4 B B 2019
A7 F 23 B 5N 7K 30 B XS S B Ry 0 s ik 51 A BE
T M R BE©; 2020 4E 9 16 B, S 9H K 3k B & B4 2
LUV AR R Ml 37 W TR 52 ) % A LU B, T Bl A
HR R AR it AT R i AL, R AT T A A T T
I, BIF 5T R TR S 0T B T 3 AR T Kz Bl RRAE,
ot 2L T 38 2 T %) O R 9 o LA R

Xt 0 U BV 2 05T O i, A A S
2 PHISHESY . R I B GR 6 LA K B {40
S S RS vl ey 1 B SRy 2 s el 7 3 )
PR AU DAY 15 R T S B e 3 00 & 2R 1 I, BRIS A
FEHE 2 PRI 2 A A R A AR R 3 5
P PRI 3 AR 7 7 45 4 Bt BN 0 I A AR R AE 1
B MR B T 5ET 3 RO R, BT
BLEE A I &, BB ASEA0L 8 s Ay 8 S 3k o 33 3 F 5
B HFBEZ—. Hrh, Bt (particle flow code,
PFC) J& — it Ao £ B2 BiF 53 R F- 2Z 18138 3l A BAR

P77 3, 3 2ok B T 43 S BL 8 S R 98 3
ST, 3 MR 00 0 2 K S W4 Rl I £
S A 2 AT, 7 [ PR S T B 4328 3
S BFS TIE (. MR 0 3 i PRC 4]
SR E B R, R WS R e
R 0 3 A 43 A M BEURR OF B B AL 6 R Zhu
00 (P PRC™ 0 P F 5 L 00 Y 010 30 7 R
DA B M 22 A o o A A 5 2 IR
S SEF R JHLATCAT . AN 25 A R 4% 1 W7 S
B, % PRC™ J7 i X 52 30 W HT B0 F (10 78 D2 e 2
LT A ¥ R 0 B 9 T JE B ; Wang
SERY (] PRC™ ¥ { BUDT VL B9 25 14 W 1l 2
ELLT A7 W MV RS LR | 4 F L K M U GF
R FiT PEC 7 1 7T L2 H T i OS50 1 B 8 0 5 o
W e L M 2 R i 3
fif.

8T 2 TG T 0 300 T 3 o B o B 5
X%, (5 B FR S m 4 B 0 R BE OB ABLIE
0, Hy e S8 2 B R L 5 £ B R 0% P ik
Kook}, BRUE YIS S8 B, il PRC
SRSy X O D 1 3 BT R 48, 3
HRT R A 5 T U6 T 8900 B M 3 ) 3% e
L 2 A

1 S FIEREARE R

1.1 MR s B A
I A T A BT R 2 D E R
i 5% IX i SV AT 25 XL T A A, [ I e 9t , S A TRD 38,



2025 4

A1 T, S5 R TR R TR R SRR BT ST

L JRL it T ¥ 300 33 S 651 - 151 -

ARSI K B 7E 1100 ~ 1 800 mm = i), H £ 4 i 7E
5—9 H, B&EF 2 0 KB .

WFFE XA TR e RS — R s Iy, 2
18 NE-SW [0l 8 48, 14 3 4= okt v 1L e 7 b 350

WX EERGE . N ARECBE, BRI 2000, W
e AR X B AL K 1200 ~ 1600 m, %5 75 % 500 ~ 700 m,
SRR 245 m, ALY 1960x10° m* (8] 1) 35 3k X H
12 R R A O DU R W SRR (Q), Ak
FiEE L, R & A D, ERGS AL, AR
FEART 7 Q&R LG REA (P, h kLB
(PP) R BE BT A | T 25 BL (PP S s A 45 % A
LR R IS B (P BRI A AR &R Mo
HA(Pym), Ak RERERRICE . A Ks, T
2P0 8 R, E TR S Sl B PRl R I R, TR ML T
T DL 2,
1.2 Vb3 AR T i IR i

2020 4F 7 H 16—18 H, V> U B 52 K8 K2 R 52
W & A AR, fE I BRI S 2 . S233 Bl . 245 )R
N M PR S ek, fr 2Lk MR R E AL ), K
3~20m, 582~ 10cm, 7 H 19—20 H, #3545 MG 74
B R A AR, FB 4y U R AR Y W 2h I 3% SE A M,
YeASIE N . 7 A 21 B, WM KRR s, 1,
T ARVR 218°07 [ 1 A A I i B R I A R, F 3K
6 VAR 0 A VA IO, P RS S ~ 9 m YRR B IR
B, I A R AR 100 mo S BN 7 AR BRI AU AR Il 1Y
YY) REE . BT, A2 V078 R RE 04 BELAS, 8 Y 3h 7
] & A AR, Bt 1) 195975 1) T 2l HL W 44 S 32 38 W7 ik

980
940 f,
900 1 L7
860

E1 FIuEETEEE
Fig. 1 Shaziba landslide plane diagram
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Fig.2 Typical profile of engineering geology of Shaziba landslide
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Table 1 Physical and mechanical parameters of slip mass
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