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New scientific issues in the study of high-elevation and long-runout landslide dynamics in the
Qinghai—Tibet Plateau

Abstract: The dynamic mechanism of high-elevation and long-runout landslides is always a tricky problem in
geological disaster research. Due to the complex geological conditions in the Qinghai-Tibet Plateau, high-elevation
and long-runout landslides show more complex and robust dynamic action, resulting in disaster chains of ultra-high
elevation and ultra-long distance. The article presents a systematic review of the geological characteristics, physical
model tests, and numerical analysis of three prominent dynamic effects of high-elevation and long-runout landslides
in the Qinghai-Tibet Plateau, namely, dynamic fragmentation, dynamic erosion, and fluidization. Given the
current research status of high-elevation and long-runout landslides in the Qinghai-Tibet Plateau, three significant
aspects are proposed to be studied in the future; the mechanism of high-elevation and long-runout landslides in
extreme geological environments, new methods for model tests based considering size effect, and basin-wide hazard
chains induced by high-elevation and long-runout landslides.

Keywords: Qinghai-Tibet Plateau; high elevation and long-runout landslide ; dynamic effect; key scientific issues
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Fig. 1 High-elevation and long-runout landslides in the Qinghai—Tibet Plateau

(a) The Yigong high-elevation and long-runout landslide; (b) The Sedongpu high-elevation and long-runout landslide; (c¢) The

Zelongnong high-elevation and long-runout landslide
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Fig.2 Generalized diagram showing the dynamic action of a high-elevation and long-runout landslide
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JER PR,k B g R RO K, I 2 Ak AKON B
i

Horb B 37 M 5t B R A O U A AL R B EAR AR
7R3 R T v A6t R Y b BT AR AR T R TR
5, B Heim (1932) BHRIEH T Y55

HRRR U A A B R L, N R R T R A A iE B
PEAT T A IE B AT A a2 3l AR R LR 3 B X

i3, JHAEM S, KR # & kR IE &
DL e O A AR RRAE,  dn e BUA R 28 2 5 8 58
o, ME R O 2™ i )RR ﬁé%ffé\ UREIE o
i A % (Evans et al., 2007; Wang et al.,
2018) , J34h—sk2 %WML@%& 15 G FHEA
F, FHIBE 00 5SS 1 H TR, Plafker
(1978) W5 T 1970 4FEFL4E Yugay WIE I, = EE
it 4000 m, WA A AR A R S W R T
it 8 km*, HE R 1991 45 L FE WY, WA K
WA fEAE ] WA, W T ORIy B, 1
e S = = 5 A U= 0/ RV W = 3 N T
iZg ()R H A B, 2000) .
(2009) XF 2002 £ % W B R R W SR IT TSR
W AR SR SZ 8 T 19 km, He KE L 3] 65
~80 m/s, FHEUK IR F538, 2010 4F i [E
TN G A R FE e U AR WY B, YA A T AR R AR
i, R K R, SET IR R IRE,
UL 20 R R R W RS (BRBROF A, 2010) ,
ZEBER G K T i 3 AR E e 2 Bk
WRZ, AR BT IR T &7 R AL

Evans et al.

7J<Fj3 REERT Ry AN = B B e B =
FRAE (Seed, 1968; Sassa, 1989) . iX &b Hb i 4% 1iF
T A4S Bl Y 5% B b BTIE B |

ST AR B Ty i 0 I A Ak 0N B 5T TR AE

KRB . Hsii (1975) XF Elm W IEAT T
R, 0k H R I Sl PR ST B, A5 U Bh
PS5z g s B R IEAM R, Okura et al.  (2002)
S5 10 3 R X M 0 9 A TR S R AL B K R ) Y
A Ak Sk B 9% W R A 3 Ak o AL Moriwaki et al.
(2004) #HT 23 m K, 8 m A, K% A
KARE R D 8k, R WA T E RS,
— SRR IR A A R I LA ] A AR
FREFROR™, BEA G3 BAR R T 10° m? B, 3
Yeryiz s A BA W R S ARRE . S T e ik R

e
Iverson et al. Ti, 2 m

R (2010) FE1 95 m,
Ao R AT 28 R BRI, IR O A RE
BEAUUE AR 1 T2 IR B0 3l 3 3 A8 A 1 0 45 i A R
fiE, B2 A Jo B B4 i A Ak 00y Bl
(2005) 7F ¥ A5G H 5] A G
“PIV” I A Ok I 5 A 37 BWURE 1 3 R A2 4k
5T i A& 4k 5 3 1Y % R . Cagnoli and Romano
(2010) FH5 il Y ¥ Al ik 56 ok AIF 5T 1 3 04 R 3l Bl
b IR L TR IR R A o N e o v G T
T EIESE (2016) FIH A 4735t e % =X 5 U] it A2
PE, NI Bz Bk A PR AR U A0 B A B R
PEIFJE T 9T, Gao et al. (2022b) A A4
TR0 A S A RO A B AT TR SE, R
AR BN R S AR
AR AU AR 2 B 58 U S A A R T B
Voellmy (1955) #4251k 19 1 3 S 20 ik iz 3l
TEECTEE R IE RN 2% 08 1 im i a0, 3R T
Voellmy AR . T Voellmy #E I | 1R L% #H
e A B T ik 58 IE (Salm, 19665
Grigoryan and Ostroumov, 1972; 1995 ) .
Johnson and Rodine (1984) % & 3| i &4k % b
R SAME R PE B, R A Bingham B0 5l i &
L ¥ 1932 8, Savage and Hutter (1989) [F]#f i
Yol B AR R 5 O W] R 4 3 sk Ak,
WLV 205 vk Rl R Y B AR /a2 3, # AR SH
BERY, JfWe## ) H AT, Takahashi (1981)
AT Bagnold (1954) W4 HUTARBIAY  #57 T
Ui A Ak B FURL AR M B B b T 3 A A SO Y BF
98, VFZL K5 3 0 2 B i A5 Ak 0 o A b [ 44 A
WA AR B AR A T 0 A A R B A A
B2, Iverson and Denlinger (2001) F&Fifi{k S
F YRR A B, 2B & T IR RN A Y 1A R )
O BE Ok 43 B [ 9 R O 2 Ak 1 B 1 5z 3
i3, Pitman and Le (2005) #HES7 T 2% & & W 9 4H
IOPAETING N I =7 e 2 Y Y T I e - N
Jizzh ) HE B )1 (Drag force) F1FFJ1 (Lift force)
BIVE, XA AT T 2, George and Iverson
(2011) MW 58 i A Al ik 7 v 9 [ W AR B B, AL
BROAR R Ty . WU R R A A, HE T —
ANPIMIFEEE A . Zhao (2014) FJH DEM-CFD
AR TK T HEE s, KBk
B 2 b M R A g, TR Ak
KON TE B BRGE AR ar 2 e, LA S R A TR Y

Pudasaini et al.

Hungr,



5% 6 1 SRR S

45 8L L 3 L 30 90 25 9 103 A 1097

PR AR, BB — Rk 82z kn]
3 EREEBMATBREN SN FEE

iy 3BT F] AR

e AV 7 R U M — R TR b ST BIF YA R A
WrPERL A, T8l g 2 2 v o7 J R B AT 5 Y G
BHS M A TR T R R I, e LI R I A B ) A
FH T 52 A i 3t 5t 25 1R A2 A5 D0 sk 2L, 2R 3h )
YERIRRA & A, e o 2 2 1 % 0% 2l ) 2000 T R
HIkZ, BEE RN 2 E BB EHRA . ME
AU, R I TR R 2 OK i 2k 1 B
fil 22, RN T R e D A e AL e T B R E 5 AT Ak
TR B, X A8 G R T sh e AT
Bl 2R AR LA R Bl g 2 LB, BB B ) BF Y O A
AR, TN — D588, 71 5 L I T
PR XE SSAE T, L X A R R A
e o 1 b BT 45 0, MR SR AL, AV A, A&
Mesi, ANZRITCEW R, mAm el B IRRE KR,
Wras ERAAREMEMAT EE M, HahSmm,
Hi 5T A N Wy PR R B Ok TR ORI M &R %
18 b BT 4% A v LI AR M I B A e H 2 R B)
VI35 QAN AR R LS QAN AR a1 @ AN IR
LS QAN %268 9 S G VAN ) B VG VA
MR EERT, RN E M 3h 2 R Ak, R,
e L i T B AT BE SR R AE, AU AR B
R R R G, HU AR kUK E a3
HEZK T ) A X b BT 22 42 3k il R fE B, BE T LA
b PR RUR R AR A R A G HEA A fR] RE,

(1) 0 i b 50 PR IE e 7 C 72 9 S WL B 5

6T = S, R i ) ML T BR B A% 1 45 W A Al
K TEHREME, HMHEEARR, FIEEE, K, K
i )55 2 PR & AR, JF HAE iz ghid 72 b A7 7E A
SHHAZ, BT ZMEZENY R, Wik, &
Jit e o G I A0 B g o R PR R e S TR
S TR ey o7 s R 3 38 Bl g AL B ) B S 4

(2) F T ROF R0 i AR B 3 6 8 5 2 k52

e o AR W AR EL R, Rk E T U7 e B
ACSEITK, RWE STk T M R R e, IS A
Xof e o T AR T 2 A R R AR A K g, fH
WF5E 5 B RCST 00 AT A e A Gt e 3 3 ) F 58 A7
HFELM (Iverson et al. , 2010) , N ~F &L 7] g
Oty g sk, EERRSRSH
SR T RE A AE BT I O 25, %k ik 6 2 SR AT A

EEE S AU (R CIDOR A I =i NI = SR i
T T R e RORE L G, =0T 5 B B K T
T, W/INES B B RS RN B R R, O D e A J
PRz sl 2, 2 T R A A G F 5 119 G B
Bl )

(3) oo 2zt T T S 00 Jol P K BT 5

TR g L DX e o o AR T AT B A B X
BB, ASAL SR e o 0 B 1 AR B HOWR A Y 3
KR F RN ER TRERARKRAEE, Wik,
RS0 75 6L e Dt ey o2 T2 2 e 10 R AN, A
S T e DR g 7 A A R T R R BE B9 RS A
e TSR R, T 5 AL A L G R T R
AEdE, B, s E . s e, HERI M,
DAL 9 5 B 0 S 8 ) (A BR . Bk A PR
V0 P2 S5 SC B AR, DA o 02 0 7R T 0 A G B
P, RBETE e 7 A T Y 3 — SRR R

4 Hib

1 o 2 R T 3 3 F) o — LR [ N ANIE O Y A
AL e G R R A R AT AR OR R
Zwk” AT TIHERMIEA S IRANI, Wid2
FERMEORTBL, ZMERRAGIN, 22BN
MR, WS T AR TR, B B )R
BLAg < PRAB LD L2 ol I o (HOR, 1595
R, MBS , R IE SR A, At AR, R
foe s, BELORK, SERIL N E 2, Wl
S A i 9 BE A BIF S AT Ak TR A B B, 2k
— WG ST X T R B L O = R R
WY By 2 N, g 3 BERE RN . 8 ) R A
BL U AR, g3 S0l DA M TR I A R R
5 BOBUEBY AT AT T ORES, X A A
LR EH NV IR 2 A B T ZOEFE R AT T8
W, RS B TR — 2 A pe i G R
SR A i PR R AL G AR 0 B AL HE 4
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