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Motion and accumulation characteristics and energy dissipation laws
of landslide-debris flow

WANG Jiajia, CHEN Haojun, XIAO Lili, LI Zhigiang, CAI Zongrun, SUN Zhaolong

(School of Highway, Chang’an University, Xi’an 710064, China)

Abstract; In order to further study the motion and accumulation characteristics and energy dissipation landslide
debris flow, we established an experimental model of landslide debris flow by simplifying terrain features and
considering key factors such as volume effect and start slip height. The characteristic parameters and accumulation
process are monitored and obtained to reveal the kinematic characteristics of landslide debris flow. In addition, the
TS method is used to simulate the movement process of landslide debris flow, and the key dynamic parameters are
obtained by inversion. Combined with experimental and numerical methods, we quantitatively studied the motion
process (distance, thickness, velocity, etc. ), accumulation characteristics and energy conversion law of debris
flow. The results show that the landslide volume and slip height have similar effects on the maximum movement
distance of debris flow, while slip height has minimal effect on the width of accumulation body. The average
velocity with time is in the form of a parabolic downward opening, and the peak velocity is obviously affected by
height, and the velocity of the leading edge is greater than that of the middle and trailing edge. The conversion
efficiency of the gravitational potential energy into kinetic energy is between 10% and 25% , and the conversion
efficiency increases with the height of start slip, while the volume has little effect on the conversion efficiency. This
paper comprehensively investigates the accumulation characteristics and energy dissipation law of landslide debris
flow, and the results provide support for the study of the mechanism of landslide debris flow mechanics, which is of
certain value for disaster prevention and mitigation.
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T Y- RO I B R R X R R B, — B R AR A IO S S P A T A
J& 2ot s BN RE S AL Ve TR B A B R E I, e RETE RN A A Ay A e 2e 4 Y [ N AN B -
FIMH BRI EE( >5 m/s) BHIEREE  BERKERA KA, H140.1903 4EMZE K Frank 3

WA 2023-10-19; F A EH: 2023 -11-09; MEEEX BH: 2023 -12-21
& B &l : hiips://link. cnki. net/urlid/23. 1235. T. 20231221. 1244. 002
BEE&UH.: BRARP2EI4 (41907234;41907237)

fEER AN FAAE(1988—) 8 1+ Rl ##z

BS1EE . A, lxiao@ chd. edu. ¢n



.64 - B®oOROE T

VAN S

5556 4%

We-WEB L 4 x 107 m® YRR B AR FRAE 30 s N2 Bl
T 2.5 km, ¥ BB 10 000 A BHES S 2010 4F Y
JIBCR 2SI M T 20 4. 8 x 10° m® [HIHEJE 1A,
BT 1.4 km FEES G041 500 A% 2R 1 i
20 ANJREEDT 2017 47 DU |5 EL B B8 b o 33— ek S
WML 4.5 x10° m® i shIE BT 2.5 km, K
B IR 74. 6 m/s, R 10 N XEFRT 73 AR
B2 2019 ARSI B <7 237 W — R A U A
L2 %x10° m® s BhIEEIA 1 350 m, 3 AT 1 600 A
ZUR 43 NIBXEF 9 N RBE, ik mik
19427t AR, A BRE [ 9 b iz 3l 96 BK L
Wi S AR RA B, BN R A IR0, A L X
TR 3 — B O IR R ) L A% S SR Ak
R, TR O - B T A2 s BURRE 5 R
T FEROI RSV R A S P ) EE A B A
B X IR I - 6 S8 A2 B HE FRAR A AH G 2R
JEW IR S M 5 R 2 T R A 5 OF B T R AR
R 2R A0 R A Ok B B B AR L T
B, 50 M T A AR S AR R R ARRR RIS R o
FRUIE IFT PB4 22 5 LA R M ARUV 1 il 3Rk FR A B X T2
AR i fe K2 B BE B B SR, Manzella 250
S5 T MOBHAER 00 46 van BE T DR A 35 32 30 A 32 422 4
R X2 SRR AE A5, BT 2 sl PR =
PRSI IS: | BfF 9 W S R A | M A R RN Bk AR X 32 B
Rt eI, R0 A USROG 7 3 B A
FERHUEST = e BEASE ALK, B o T HR S kiz sh
S5 VR S LS Zk M TR R X i B — A i s
SHERURE R, = ES S B B RO ke
HATF 5 37 Ml 5 R 53 2 A4 B800T e ke 8 i o sh ME AR
R BT S T )8 O M AR U 2 1 25 AL R P 5 i)
B, DA 2 SR FH A BRAS 20 0 sl B (A4 ) B
— RS T W Y - R Y i B HE RURRAE U
(A RIF 5 B SR T Vi 33 1 8 A LB 9 ELA KR
VI - 1 i a2 had B P AR AR DA K RE
RO X 43 B T 3 B0 PR 3 G E Bt M I -
WIS J1 2 S B S N A, TG it
S BT VE S R T8 St SO v e A P 114 B S e R 2 fi
YER ) B s R 3k J5 3 BUR 2, O T Bl e i 3t
KREMPIGRME T S %, mip S " ki
Frctional , Voellmy 45 i AR A 4D T W5 iz g 42
T2 152 W Y8 sl B A AR fL LA, SRR AR I
TR Wz SRR T —Fh %5 [ N FERE 1Y 3l
REAY A — B FEIE T S W T W Az Bl 72 P P
fil BESERERERU AL, BT ST IR, 3K
BT 32 g R v i A 0k ) B S5 RS S S, 1B
AN T R R R I WS Sl AR A v Y A R ] B

e BN , JR A A0 S i I R W o iz g ek
PRV RS BR5E 1 e #E B 28 0 e 5
I H L3R 2E 3 SO0 T 3 — 6 o I e it i A5 8 5
FERGHAT T 28 PE 2B, AR BB 1 i R 98 1 B - 0 U
eIz s R R R AR

AR P PR RS 5 BUERIARZE & 1
B BRI I - R I T i 3l MEBURRAE 2 R it AR O
B, P RRTAL I PR SR S I A s S HERRARIE,
BE A 0L B 1L ) 4R 4% 14 RN i B Ak 1 A, SR
Tsunami Squares (TS ) FUE J7 15 56 58 iz 1 ) FEABE 7 3
et i AR E s R ES
BT E RIS . A SOSIR S W -1 )8 Tk K
IS, X U B — AR i o K E B IR B
ERE X,

L A B AR g it

1.1 {EEE

T R R Y38 SRR T 4 o L as B RHE
3 ANBTBL, AR A AR e 5 S A ) e B A
AU GRS IR AL Y BE AR LK R 1: 200, [F]
Bf 38 as Zh AR L 3 D AR LR LA AR LI, 1523 T
— AT DL SRR R 8 R 00 0 T R 3 el 4
AN (R T T4 B A BRI 1 e B, DI R R T 1
e B s SRR TR AR 1 T
L (a) AR E () A Y Sy sl

ey ]
T

e &} ﬁ,ﬁlﬂ 2L

. e )!, e
BIHRAILT e )

450
250

©
(=]
v

' ‘56’ X EE%M%M%(WM)

] 25 800 25
@) T E BT mm

& EIERGL2

0
(b) HITH &
E1 {REEEE
Fig.1 Test model device



1

FAEME, 2. WP s S MERVRIE S RE AR UL - 65+

R %E E AR AN BIIER ZEahERIX
A WK 2.0 m, 5% 0.5 m, 5 0.5 m, B ETE
AR o =45 MR [, WRE KT AN
WA Ay 375 B IV 58 7 4, (98 T 088 e IS T iz shad 7
BRI E T WA AR SE B2 A 0.5 m, g0 % R
BR0.1~1.5.0 em SFHHEEN2.2 g/em’ BYIKRIK
TEBRAT , BBt o ASEADLREE T T B , w0 R ME R AR

S B ?%ﬁ‘ | #thA 3
R

‘lX SR R (10x10)
KU R TH

(a) REGBAL IERL I

R EA AR TR KA |2 i I 2k B
2R 10 Cm,(’%*@rﬁ%ﬁ%*ﬂ@ﬁ%ﬂ?ﬂ 10 em x 10 em B
I A, [R) IS LA G T v £ 55 R IS 1) 52 1
JE S O IR R S K e R ALl ¥ il T Y
BT R X B TEE TSI Z h N =l
FARPRR A 2 R,

(b) BRI LY UL

2 WEERLKI Y
Fig.2 Physical models test objects

1.2 HIERESLIE

TR I A 2 R P AL T - 6 TR
15 S FFAE TR T HE FRRAE (OL 45 B e A ]
HERURAR  HEARJSEBE S5 ) o SR H 788 o 17 B AR HIL AN
T TR0 T A TR )90 SR 3 - R A T L 12 3
FERR Y 42 2ok B2, T SR DR AR R 4 B
1 440 p, FFERIHFTFR A 60 Wi/s, T Hi LR K
JEAR AR RSB 1E T TE A% (10 em x 10 c¢m)
AR RS T PN 5 2 o ) IR s 3 BRAHAIL I o)
HERFOB A, HERR A JBE B (o FH 00 2 B 0 s AR B, o T
IRATF R 58 24 5 A F] Origin 214 & Adobe
Hlustrator A4 T AL BRIFZ 6 HIE] X =20 em
FIEE KX Y =0 ecm HIHKE
1.3 REITRESH

SIS S - A S MERURRAE 5 BB R L
A IR BCE TR (BB WA A AR S W
) XRS5 B 43 B v T AR R A ST Y
A, 1 T R R = AR AR AR, 0 0 A
RIS 500 K1 K2 F1 K3, 4% T H) BRIk 25 1 s
DL PG S A 2 Al S Y B 2 553 ) VL V2 V3 VA, H)
TRRFHR 25 cm x 25 em x50 em x 1/2, 3 W 15 B
30.7 em WAL 004054 KIVL, ARILZEHE A<t
B 3 AR 4 RS T R, 2R 12 ik T
BT,

F1 HKBETRET

Tab.1 Design of test conditions
R e PR ERY dm? JA ¥ R BE/m
Kivi 165.25 0.307
K112 165.25 0.476
K1V3 165.25 0.780
K1V4 165.25 1.063
K2V1 306. 25 0.307
K22 306. 25 0.476
K2V3 306. 25 0.780
K2V4 306. 25 1.063
K3V1 625.00 0.307
K312 625.00 0.476
K3V3 625.00 0.780
K3V4 625.00 1.063

2 mHHBRMERLS

2.1 EBEFHTE

TR R 2 B A B R sl v, 3 T
B Wbz shid #2500 3 BB Wl iRiE sh B B i
Hz B B e HE R B B, DA K2V T
Wiz s B 2 e =0 s B, FTIFRE R P A, 90 4R
W IRTEE ) LRI ) R TP EEE I E R IR
B8 =004 s B RS ORI B P A R 28 1) R
WA, I B BB R IS W e (A T o P /)N, S R
250.19 m/s, 24 1=0.8 s I, T8 7 s 2 A0 % 1
] T W3l , B0 A 0k Y 32 B 2= B W B R Bh S T



. 66 - e NS B | A - =

556 4%

3, PR U T 0k £ B LA 3 o 3, il MR S
TRORE ] 55 F AR T, 453238 0 Az iz 81 75 3L
B0 3 WORiAE 2 3 BB R, RN 1,75 m/s
Fekio Me=1.2 s B, FTS 008 0B C R T
K1 L 14 P e A D HE AR B, SRS 2D g e

(a)r=0s (b) =0.2 s

(e) =0.8's Hr=1.0s

5 G P U AU 24k 255 i o D12 B ME AR | G245 st AR
HERUATE S, Bt ORI 1 e MERUAIE 5k T
TR , B2 AE AR} AT 5 7K - 18T 52 S RS A A J 26 AL B 1
HERRUA, SN FEL 3 /D UL (181 3)

(c)=0.4s (d)=0.6 s

(g) =125 (h) =1.4s

3 K2Vl TREBBRIZEERE
Fig.3 Movement process of debris flow in K2V1 condition

2.2 EFHEE
TR K2 S KL/ 2 £, @ B v G
V2 B2 A BRI R AR 2 i 3 R T T o
BT, AR ST W Y 8 O T 10 B S5 00 s AR B X e )
it e KAz SR B s
*x2 BBRIEIES

Tab.2 Debris flow movement distance
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