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Numerical runout modeling and dynamic analysis of the
ice avalanche-debris flow in Sedongpu Basin along
Yarlung Zangbo River in Tibet
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2. State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: On October 17, 2018, a massive ice avalanche-debris flow occurred in the Sedongpu Basin on the left bank of the
Yarlung Zangbo River in Tibet. The sliding mass scoured the glacial deposits and loose deposits in the gully bed and then
transformed into a debris flow. Eventually, a barrier dam was formed and blocked the Yarlung Zangbo River, which seriously
affected the safety of residents and social and economic development. In this paper, a three-dimensional numerical simulation of
this event was performed based on remote sensing. A dynamic analysis (DAN*") model was utilized to analyze the dynamic
characteristics of sliding mass, and the Frictional-Voellmy composite model was selected to reproduce debris flow accumulation
characteristics, movement speed, and scraping depth. The simulation results are consistent with the actual survey results and
have good reliability. Based on field investigation, the electrical resistivity tomography method was used to reveal the post-
event accumulation characteristics of the ice avalanche-debris flow in Sedongpu gully. The results showed that DAN® could
well simulate the accumulation shape and maximum thickness of sliding mass, which verified the effectiveness of DAN??
simulation. The results of the study can help forecast similar events and provide new research ideas for the mechanism research
of such disasters for future prevention and control projects.
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Fig. 1 Location of the ice avalanche-debris flow in Sedongpu Basin

a-WHASE BRI b T X c-UA3E X5 d-MERR DX 21 (08 Sk 7m 1A 3 3 7 1)

L BERAEN B AT ST R A SCAR T B
HLA, R 0 A T i 9 - a2 Bl A R A4 B
FIEE R FERD o IR, AN SCAE B W A A L, R
DAN B S 3 T @ 7R VR 1 R o Bl 4 i 7
OB T R, B G B BUEL AT i A T S
Hes T8 1 W PR AR R4 R R R RS Y TSR, O (L
TR R B R P A TR A

1 BFRLHEE-BBRERER

1.1 WP X4

67535 V) R - i S T KPR B URSE fin P AT, R
BT VLS R AR . VAT Y 66.8 km?, B
KT 30°0 8 B o A T R 61.6%; M B 1 SEBE-
GE 0, DX A Ry A R, e S TR AL AR
], Wk 7 283 m, Fe AR A TYAE I AL, 4R 2 750 m,
T IAE X 5 25 4 533 my UK & R, 24 vk )1 T AR
23.6 km?, 2 /5 SR ARG 35% ., ARG BT AR U O
LTTR 43 15 JBEVK)I 1L 0, T3 2R TE 4 200 m 22475 34
WU L Rt 4R, B VAR RS, ST A
4 ZBERI S, AT DR R WE 1, KRR A%
JiR v DR A T R KA X, A T - T A B ]
H il TR 15 C 247, Bl B AE -5 ~ 0 C(K] 2a),

® | [ =)= Il > I - 4]

wn
[on
2

.‘{T— _\'r
L
A W
VoL | G\
5 W
b
|i 1]
. A
i ‘\-
0 500 1000m | i
:_ I Ll & < ‘-. -
(b) 5T X HE



- 20 - Hh [ M KCE 5 B iR A 4R

- BELEryHE BE
@R L
201 o o SRR
15
<
=10
@ i ‘_‘““A A o +A“‘—L e
5 1—\/ ek _\/“‘_ i
0 ™

.
-

-5
10/01 10/05 10/10  10/15  10/20 1025  10/30
Hi
(a) KAME20184E10 H S A7E 1k

O .I | '. \ I'.I_I | I\l 'I . i \
10/12  10/13  10/14  10/15  10/16  10/17

H
(b) HETH20184E10 H 12—17 B /K A5 L #a H
B2 BFRITRESE. MAEHEE

Fig.2 Temperature and precipitation variation in Sedongpu Basion
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Fig. 3 Longitudinal profile of the main gully in Sedongpu Basin
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Table 1 Rheological model and simulation parameters
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Fig. 5 Time-lapse image of deposit distribution during the ice avalanche-debris flow in Sedongpu Basin
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Fig. 6 Scraping distribution of the ice avalanche-debris flow
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Fig. 7 Maximum velocity contour of theice avalanche-debris flow



2021 4¢

RN, S5 MR VT (AR ) 1 1 - S e A D 3 BRI AT <23 -

B RO FERF 2 8 m/s(G2 B 4 500 m). T ARDE A
DT B, YRR N, 32 shH B RIS R, 2 2hBE B 6 500 m
b, B RO FEIR 24 m/s. HE AMERLIX S, JAE AR B8, i E
A5G, e A i ik R AL BRI, B Z op AHE B AT VA
Flo 4 DAN® L5 2] 1) 3 B A -5 1) FH € AR 389 i
TR - O M R A T R A B 32 Bh R I L, &
P BB A, UER T AR ARG AT SR

3 BRE-TERERHERFHEM A AEN S EE R
PR AR

YIRS R BT B —, TR T
HEFRWI TR EE RN EREE G, A= SO /& %5 B2 HL 1 (Ellectrical
Resistivity Tomography) I & 1~ 3 24 9\ (] I & (ERT1-
ERT3) il 4 4HREANZE (ERTA-ERT7), K4 BHAA AN
T, AR, BONERHITNE T HERW S A n A
31 ki

WAL 8 7, PRI 2 A7 € 7 35 i 4 - )
(A0 38 X 5 3 ALK, 36 3 259k ) T, 4 ARSI, W)
PRI 2R F Wenner HL H B 371 3#F 47 iy BH 260 55, ) H
RES2Dinv A4%f B B A58 7047 S 38 43 B0
3.2 YIRS

B 1] 26 (ERT4-ERT7) ¥R AR LK 9. 2521 i
s AN TRV T A T e DR A IR AN TD, ) — ) AN [R] 47
B AN ASHATR] . ERT7 #1322 A BH AR, 7E 150 Q'm
DL, $EINCh e B 35 2 . WERRZ . HERIKBHZ LU A
A R B SR 72 8 T, AR AE 2 000 Q-m DL, HETN A 3K
SERCHCE . BORRIIMER IR AR K, R 5~ 18 m,
S K HEFR W JEL 67 T RE 2R A5 400 m &b (1] 9a); ERT6
1 ) 2 SR e B i T % 2 L BH R AE 300 Q-m LU
P, R ARRELZ LA R BE AR T 2 000 Q-m, HERH A TR
JEE R R 10 ~ 20 m, S5 KHE R JRE 57 F I 0 288 /e o1
180 m 4b (&l 9b); ERTS 1] 1fif 3 )2 1 B R 7 200 Q-m LA
P, AP 2 T A AR H B 3R R 7E 2 000 Q-m A I,
HERU I TR BE TG IR 5 ~ 15 m, fe RHE R B 45 T-1E
M £85E 55 60 m 4b (8] 9¢); ERT4 % )2 B FHZ7E 300 Q'm
DA, b AIBH)Z T A AR ra B 22 B R FE 1 500 Q'm D I,
R B T T R 10 ~ 12 m, f KOHE R IR A T
PRI ZRE 25 50 m &b (1&] 9d).

& 10 Jy gk (ERT1-ERT3) B4R iR, ERTI
A7 T HE AR X P, HERR R R, TRV L
10 ~ 29 m, f R HERLY) IR FE A T B 26 5 200 m &b
(l 10a); ERT2 1 i {3 F 00 X T BEAERLX, i f i
Fil 2 750 ~ 3 000 m, HEFRY IR FEVL N 5 ~ 40 m, fe K HE

N !
‘ v A 600
I‘ : ’ n
’ o
y 2 JEFE/m
. 30
1 . )5
20
y 15
.‘/:/ 10
?,?31 "'_',/".’ 5
B&"b A 1
eyl IeN 0
'.é', >
ERT5 1
B AR
ERTA . \%
05001000 m %

8 HiE-HERYIRNESH

Fig. 8 ERT survey lines distribution of the ice avalanche-debris flow
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