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Dynamic process of the “831” debris flow in Luoxi gulley of Ganluo
County, Sichuan Province

SHI Jishuai'?, JIANG Liang"?, ZHAI Shenggiang'?
(1. Sichuan Geological Environment Suervey and Research Center, Chengdu, Sichuan 610081, China; 2. Sichuan Province

Engineering Technology Research Center of Geohazard Prevention, Chengdu, Sichuan 610081, China)

Abstract: Heixiluo gully, located in Suxiong Town, Ganluo County of Sichuan Province, experienced a catastrophic debris
flow disaster at 8:00 a.m. on August 31, 2020, causing significant losses to local residents, as well as to the Chengdu—Kunming
railway bridges and infrastructure. To Study the activity and dynamic characteristics of the debris flow in Heixiluo gully, a
comprehensive analysis was conducted using field investigations, on-site observations, and high-precision DEM data from the
study area. The formation conditions and activity characteristics of the “8¢31” debris flow were studied, and the Massflow
software was utilized to simulate and verify the debris flow, inversely simulating the dynamic evolution process of the debris
flow in Heixiluo Gully, and quantitatively evaluating the dynamic characteristics of the “8+31” debris flow. The study indicates

that the “8+31” debris flow mainly underwent a“ snowballing” cycle of processes, including “rainfall runoff convergence-,
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incision and erosion on the sides, sedimentation and selection on the first-level platform, erosion on the rear side of the

platform, further sedimentation and selection on the second-level platform, further incision and erosion on the rear side of the

platform, bank slope collapse, blockage and collapse, river blockage, formation of barrier lakes, and dam breach discharge.”

Based on the Massflow analysis of the dynamic process of the debris flow, the simulated peak discharge, flow velocity, flow

depth, erosion, and sedimentation depths in each gully segment match the measured data, confirming the reliability of this

method. Through this method, the dynamic characteristics of debris flow can be more intuitively analyzed, providing a

theoretical basis for subsequent disaster prevention and mitigation works.

Keywords: debris flow; Massflow; dynamic evolution process; activity characteristics; dynamic characteristics
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Fig.1 Catchment features and distribution of source materials in

Heixiluo gully
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Fig. 2 Rainfall statistics from 1:00 on the 30th to 15:00 on the 31st in

Azijue Township, Ganluo County
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Table 3 Dynamic parameters of Heixiluo gully

sl AI/(Nm?)  RERH BEERE WA
Voellmy 17 2.0 0.15 150

AR YR ABE Y B AR A S Hh A A 0 M OB SR
P A1 DEM B4l gt ar, = A AL, b 8 oy A BT 2.2
54 A B s, DEM 24 >k H H A ALOS TLA, K
12,5 m, FHEARUR I 12.5 m (9 1E T A% .
4.4 HAKIE

AR YAGA 53T LA SR VG 1% 78 “ 8317 A i & A S 1
S b R A B AR, Ve TR A S A T A
I R B QN A S AR 04 U - S I X L, Bl
T3k P AT O T R VR R B K, R IR % A
Ko PATMTE., . RO TTRIRE F2 5101E R
I | I TE A G, RS 6. B 7 it R B AR 45 SR
55 SIS R EEASAE 20% LA, TR 8 T
7 B A TR AR R 5 e A i AR T A M AR XA
G st b, BA AT

5 TNHOFIEDH

Je A1 L A Bl 3 A A T A A e A Y e A A i 0
T W A R UTRR TR SR TR AR AT, Sk



2024 4F Sk, A PUH & B R PUIE A 8317 A T Bl Ty ik #E - 57 -
;; 1 600 Eg;ﬁéiﬁ \;0.5N06No7 “8e317 YA it kA AL i A A2 Bl i AR R AR S 0 Y
Za0p T No2 o Nogr 0O FHh 70 A No.l B, 130 “ BRI i3 3 B
g owpe— B, JRATVE 3 No.l AbIEWEVL R 840 s, E223L —

3000 4000 Eg%?/?n 6000 7000 -5k DIRUE, g R 1057.5 mY/s [ E] T

B 5 BuitiEnESTiliREsitt

Fig.5 Comparison between simulated peak flow and measured flow

s R 130
No.3—% & Wit

6 Ng.szévg — SRR 25

g0 NoTWI o2 IR ocdoo

2 4 SR S o s g

%é No.1 No.3N0.4 No.5 Z -

) = —_ {10

S n s e T 150 2

0 I I I I 0
3000 4000 5000 6 000 7000
i #5/m

6 HEHURR. MESKNERITLL
Fig. 6 Comparison between simulated flow depth and velocity
with measured results

[ B No3—%F-H

£
B 20 PSR NoS—ZF-A No.7
] No.7WH No3 | Nos o
i - >
= of No.2 c S
= -10t
i
-20

3000 4000 5000 6 000 7 000
5 /m

B 7 #EUERTRRESSNERL

Fig.7 Comparison between simulated erosion deposition depth and
measured results

300 600 m

8 RAmRRSEERIE

Fig. 8 Verification of sedimentation range of debris flow
T Massflow FUE AL LS RSG5 555 3 15 A U i
NRFIE ST, T TEAN A 24 8+ 317 U8 1 Ui 1Y 3N ) AR
SIRTEE R .

980 m’/s, P ER £ 30x10% m®, 4% & UUR 1 BUR X
BN, 24 14x10% m?, Y6 A I T 0 Ui et 1 M O AR 2, B
LA LT No.7 B, Bt iA %] T 1224 m/s, WLIA 5,
52 .

Ve A T Ik 32 B AZ T PR % . IR
VYIS IR UE A T N 2T & (No.3 Hil No.5 B HiE
AEXT Ay 9, H i VR e KAE 2.8 ~ 3.0 m, AH XTI (9 ik
HAE 2 ~ 4m/s, HoA X B — i T R, IR — A
3~4.7m, WL S5~ 7.0m/s, WWE 9, K 10, P47
W S GG B Y ORI A, O 5 s
I, P AT R K0 7.3 m/s BT 0.2 mis,
Tk
53 {RIMUTRIREE

FEVUIKIE 82317 e A i 7E No.1 ~ No.2 Bt . No.3 ~
No.4 Bt No.5 ~ No.6 Bt EZRIN T UHZ M, =20l
RE—MBAE3~6m. 7E—ZFH(No.2~No3 ), —
VG (Nod ~ No.5s BOWI LIk WIEUh &, —90F &
DAUTRRR A R 3, e KU B 3K 7 m, 96100
TR S AT PAR B 98 N, S K UUR S AR S m e Ay

ZWE A T HE R R B AR 0.2 km?, ST
VRBEZ 5 ~ 6 m, 15 J5 35 0] Ja) 38 07 B DR I, iR ik
18 m, & T M JE S i+ ml A1, SR VG %I <8317 Je A1 it
M AR 1.05%10° m* (& 11)

5.4 IEIL RS

T SRR AU I s e -l ce b e WAL v (| ==
A3 A I R AR, e BRI A Bh i AR, AR B VG %
A A S TS, SR B A PR | %
PRFaT . Wpan F2 T 2l AE VA T AR o Al T sk ST R
38T, JE Hi 1983—2015 4 ZAE Y4 103.0 m?s,
T8+ 317 e A1 W78 FI A (AL 5 R 38 1224 m/s, Hojii
ik 11.9, SRV IEE N B AT R 7.3 m/s, 1 Je
H 230 BE I 24 3.4 m/s, i FL 24 2.15, %5 & 1A 3t i
F R o bR | & TR PE IS VA A T VL R R A

TR A TAL R, JE H il 2RSSR A
i E A 5 1) R R, B SR SR A TRk, BEE
SEEE Z WA T AR AT L B RTE, TR
VG % Y8 Y8 A I o BB B A 1.05%10° m?, Fe e A1 i
SE4x s e H T E, JE R IEI, LY U R .

YR

s T



58 Hh T B S B R oA AR

. =679~ 1162
LUK/ 1163 ~ 1573
w4 = 1574~1979

= 1980 ~2 502
Mo  —2503~3230

o %' MEk/m

e 679~ 1162

TR/M s 7763 ~ 1 573

w16 = 15741979
=11 980 ~2 502

Mo 2503~3230

(d)=2100's

() =2700's

" Ff i,
o 45 IER/m
- 679 ~ 1162

2 2R 679 ~1162
Fivkim m 6 1%, Hth/m ™

w1163 ~1573

w0 = 1574~1979 o1l =1574-1979
= 1980~ 2502 =1980~2502
Mo 2503~3230 ! Mo 2503~3230

e 679~ 1162
WER/M w1 163 ~ 1573
w18 m= 1574~1979

= 1980 ~2 502
12503 ~3230

() =3300's

B9 AEEZIMERS M
Fig.9 Mud depth distribution of debris flow at different time intervals

. it

VP - 679 ~ 1162

(mes) = 1163~1573

=6 = 1574~1979
1980 ~2502

Mo 12503~3230

o 55 i

WHY - 679 ~ 1162

(ms')m | 163~ 1573

=8 = 1574~1979
=11 980 ~2 502

Mo 2503~3230

(d) =2 100's

(e) =2700 s

= 3 L% N>
o %t 5 1ER/m
T - 679 ~ 1162
(ms! )™ 1163~1573

o % ik
VUH - 679 ~ 1162
(ms! )™ 1163~1573

w7 =1574~1979 w8 ™ 1574~1979
11980 ~2502 =11980~2502
Mo 2503-3230 s Mo - 2503~3230

f

= PR

o G5 fiER/m

WY =679~ 1162

(mest)m | 163~1573
=1574~1979
=1980~2 502

Mo —2503~3230

(f)=3300s

B 10 REMZINRES S

Fig. 10 Distribution of debris flow velocity at different time intervals

6 it

(1) BTG 8317 e A1 VAt A2 7E /25 5 B2 B T A% J)
M FFERTERERT SR N R AR, EEA T T RN i —
T h——2F IR E—F B T YR ——
GOV G i — LI —F & 5 i — 20 T U100 i — R
I S XY R SE T | et A IR K
7B R IR B 7

(2) 2% JH Massflow #4- %} “ 8317 I £ i oF 4745
B, R L HE g g L G L IR | AR PR TR R B A

TESHL, 15 1 A BEDLA5 2R 5 S s oA RAF i — 3%
P, BAIE T A (38 F AR SR

(3) B TRAULE IR, JE45 GG BN RHE, 83170 AT
120 1 28032 V818 NP 25 A2 R, e i AL e
H Y] B b s 3k 1224 m¥s, W2 7.3 my/s, iR B AR
ik 1.05x10° m’, 33X Seff 2 B0Je A s i 2R

YT H TR PG IR B AT A e A KA e A
LB 2 A, IO i Xk 10 3 A IX YR A i Y B 4 i,
VLA I RIS L R R R I HE S i 7 =X, IR
A BCEL R B A TR L KRR E H TR 1A



2024 4

SR, S PO H S LR VGIRE 8317 e i sl il R ©59 -

=1/, =679 ~ 1162
feftym 27763 1373

w8 m1574~1979
=1 1980 ~ 2 502
Mo —2503~3230

B 11 RAREMHRE

Fig. 11

Distribution of erosion depth of debris flow

B MW7 TR 2R B IR B, B R AR FERRARIE A I K
N

2 % 30k (References) :

(1]

[2]

(3]

[4]

[5]

SCu, BN, X0, AL DY P EU A R 60 177 B AT T
BCRALEL AT [T] . B b R E S B R AR R, 2022,
33(3): 23 — 30. [ WEN Qiang, HU Xiewen, LIU Bo, et al.
Analysis on the mechanism of debris flow in Meilong valley in
Danba County on June 17, 2020 [ J ] . The Chinese Journal of
Geological Hazard and Control, 2022, 33(3): 23 — 30. (in
Chinese with English abstract) ]

Sk . S % EL b Ve U AT = A T B L R g A
REBAXHIE [ D] AR MR B Tk %%, 2016. [ SHI
Jishuai. Numerical simulation of three-dimensional flow field of
debris flow in Zhongganggou, Baoxing County and study on
comprehensive control model [ D] . Chengdu: Chengdu
University of Technology, 2016. (in Chinese with English
abstract) |

MG, g Bk, & RS, 4 E T FLO-2D B R B4 6 A1 3
BB IR B AL [T] 22N R R (A SRR R,
2014, 50(3): 363 — 368. [ ZHANG Peng, MA Jinzhu, SHU
Heping, et al. Numerical simulation of erosion and deposition
debris flow based on FLO-2D Model [ J] . Journal of Lanzhou
University (Natural Sciences), 2014, 50(3): 363 — 368. (in
Chinese with English abstract) |

ot R A, TR #E . T FLO-2D BUfE 45 8L A9 VR A T A
2 5 HERGEm HZ B [T TR B4 )R, 2016,
24(2): 228 — 234. [ LIANG Hongxi, SHANG Min, XU Xin.
Research on the influence factors of flow and deposition of debris
flow based on the FLO-2D simulation [ J] . Journal of
Engineering Geology, 2016, 24(2): 228 — 234. (in Chinese
with English abstract) ]

MOLINARI M E, CANNATA M, BEGUERIA S, et al. GIS-
based calibration of MassMov2D [ J ] . Transactions in GIS,
2012, 16(2): 215 —231.

[10]

[11]

[12]

AR, JEE M, WL, L BV R T s Sl R i
EWEARREAATN (1] B8RS TR, 2020,
20(10): 3860 —3867. [ ZHAO Cheng, FAN Xuanmei, YANG
Fan, et al. Movement of Baige landslide in Jinsha River and
prediction of potential unstable rock mass [J] . Science
Technology and Engineering, 2020, 20( 10): 3860 — 3867. (in
Chinese with English abstract) ]

HRZE, ko, sk 3. 525 U A R By iR TR e Rk iR
WRBFFE [T] .9 %%, 2020, 35(3): 102 - 109. [ TIAN
Shujun, ZHANG Jing, ZHANG Shanshan. Effectiveness
evaluation of disaster reduction for debris flows control
engineering after Wenchuan earthquake [ J] . Journal of
Catastrophology, 2020, 35(3): 102 — 109. (in Chinese with
English abstract) |

XK, P05 By, 04, 55 LT Massflow B8 (1) ¥4 1t 1) U8
AR TR EACRITAN [ 1] KRR AR, 2020, 51(10)
195 — 201. [ LIU Tieji, SUN Shuqin, ZHAO Zheng, et al.
Massflow model-based evaluation on effect of engineering
treatment of debris flow in Lengzigou gully [ J] . Water
Resources and Hydropower Engineering, 2020, 51(10): 195 —
201. (in Chinese with English abstract) ]

BEE R, SR, S8HE, 45 5L T Massflow B8 (1) 74 5~ A
A E P B SRR AT (V] . E B E S PR
274, 2019, 30(6) : 25—33. [ DUAN Xueliang, MA Fengshan,
GUO lJie, et al. Movement characteristics of Jiezhonggou debris
flow of Renbu, Tibet based on massflow model [ J] . The
Chinese Journal of Geological Hazard and Control, 2019,
30(6): 25— 33. (in Chinese with English abstract) |

REHP D, MU A, WL, &5 JUIE IR JUZE K B R A W TH R
RS AT S BERLBN [ 3] B HoR 5 TR, 2020, 20027)
10989 — 10995. [ XIONG Kunyong, FAN Xuanmei, YANG
Fan, et al. Characteristics and numerical simulation of debris
flow in Jiuzhai paradise, Jiuzhaigou [ J] . Science Technology
and Engineering, 2020, 20(27): 10989 — 10995. (in Chinese
with English abstract) ]

ZET BN, DR, AL 5. 127 MR JE )1 R A R
e S w77 [ 0] . 7 M 52 41, 2020, 28(6) : 1266 —
1278. [ LI Ning, TANG Chuan, BU Xianghang, et al.
Characteristics and evolution of debris flows in Wenchuan
County after “ 512" earthquake [ J | . Journal of Engineering
Geology, 28(6): 1266 — 1278. (in Chinese with English
abstract) ]

BT N, BE S, FOJUEEEX 60217 YA ik
SECRKAEIBEGE [J] . TR BT, 2022, 30(3): 740 -
750. [ LI Ning, TANG Chuan, SHI Qingyun, et al
Investigation and analysis of “ 6* 21" debris flow in Jiuzhaigou
Journal

County, Sichuan Province [ J] .

Geology, 2022, 30(3): 740 — 750. (in Chinese with English

of Engineering


https://doi.org/10.1111/j.1467-9671.2012.01316.x

- 60 -

Hh [ M KE S B iR

Eird 5531

[13]

[14]

[15]

[16]

abstract) |

VESE . P14 8« 13 47 R U8 A1 i K AR a5 R R
[J] . T % #h Bt 2 #iz, 2010, 18(5): 596 — 608. [ XU
Qiang. The 13 August 2010 catastrophic debris flows in Sichuan
Province: Characteristics, genetic mechanism and suggestions
[ 7] . Journal of Engineering Geology, 2010, 18(5): 596 —
608. (in Chinese with English abstract) ]

FAN Xuanmei, XU Qiang, SCARINGI G, et al. Failure
mechanism and kinematics of the deadly June 24th 2017 Xinmo
landslide, Maoxian, Sichuan, China [ J] . Landslides, 2017,
14(6): 2129 - 2146.

GRAY J M N T. Granular flow in partially filled slowly rotating
drums [ J] . Journal of Fluid Mechanics, 2001, 441(1): 1 —
29.

AL, EER, SR, & AR RERR I T 8T %
AW SN Iy WESE (1] K SO B TR H i, 2014, 41(4)
113 — 118. [ ZHANG Lizhou, WANG Yanqi, ZHAO Wenjun,

et al. Research on the dynamics of debris flow based on different

basal resistance conditions [ J ] . Hydrogeology & Engineering
Geology, 2014, 41(4): 113 — 118. (in Chinese with English
abstract) |

XUt B, Y5 E Mg, ESCRY, A R X R U A TR
AL R —— LR A [T] .
it BR AR 38 472, 2022, 41(6) : 278 —286. [ LIU Shikang, FAN
Xuanmei, WANG Wensong, et al. Experimental study on the
effect of rainfall patterns on the failure mode of debris flows after
earthquakes: A case study of Tiantanggou, Jiuzhai [ J] .
Bulletin of Geological Science and Technology, 2022, 41(6):
278 — 286. (in Chinese with English abstract) ]

FREZE, WEE, BN, 5. 8RB I A1 0
R KGZ B B [ 7] K SCHb BT TR 3t B, 2021,
48(6): 187 — 195. [ WANG Junhao, GUAN Jianjun, WEI
Yunjie, et al. A study of the disaster model and movement
process simulation of debris flow in the Zhixi River of Deqin
County [ J] . Hydrogeology & Engineering Geology, 2021,
48(6): 187 —195. (in Chinese with English abstract) ]


https://doi.org/10.1007/s10346-017-0907-7

	0 引言
	1 研究区地质环境概况
	2 形成条件
	2.1 地形条件
	2.2 物源条件
	2.3 水源条件

	3 泥石流活动特征
	4 基于Massflow的数值模拟
	4.1 模型控制方程
	4.2 边界条件
	4.3 摩擦模型及动力学参数选取
	4.4 模拟验证

	5 动力特征分析
	5.1 泥石流洪峰流量
	5.2 流速、流深
	5.3 侵蚀沉积深度
	5.4 堵江过程分析

	6 结论
	参考文献

