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Abstract ; The purpose is to study the process of long run-out debris flow movement,as well as the
changes in velocity, sliding distance, and kinetic energy during the movement,in order to provide
reference for the prevention and treatment of debris flow disasters. Based on the material point
method ,numerical simulation analysis was conducted on the movement process of two long run-out
debris flow engineering examples, Taheman and Luanshibao, using them as background. The
horizontal and vertical velocity distribution during the Taheman debris flow movement process, the
influence of internal friction angle on the movement process,and the impact of the entrainment effect
of Luanshibao debris flow on the accumulation form and kinetic energy changes were analyzed and
discussed. The simulation results of the final accumulation form of two debris flows are in good
agreement with the measured results, verifying the correctness and effectiveness of the numerical
simulation results. As the internal friction increases from 18° to 33°,the peak kinetic energy of the
Taheman debris flow decreases by 71.4% ,and the final potential energy increases by 54.4% . The
energy dissipation of the debris flow decreases by 47.8%. In the simulation of Luanshibao debris
flow, the velocity distribution shows the laminar distribution of the velocity field. The internal
friction angle has a significant impact on the dynamic process of the debris flow. The sliding mass of
Luanshibao debris flow has a strong internal shear effect in the high-speed sliding stage, and the
entrainment effect has played a certain role in blocking the movement of the debris flow.

Key words :debris flow ; movement process ; material point method ; numerical simulation

TR TE AR FAR K E 22—, I
JIER T U B ZiY 5 d o - T U = s S 894
PR B AT R I A ey R AR AR 2 Nt
SR T BRI UE . H AT, 5 T BowE
A AL ) BIF 5 LA 2 1 6 0 R (EL R 353
F AL AR A% 1 30 B0 8 U A 1 3

J& D. Sulsky % 2 H A9 —Fh L T 5 A9 G
DA% 51, AR SRR 1) AR A& A0 P A B
H BT s 7 5 5% XA SR i e 5 g s AH DG /Y
PR 2 A 1 R) B, ok A A% BT AR LS. G.
Bardenhagen %" A% W1 H 9 Tk FEC
JEEFEE T | B W) o s KA AUA T i A1} 1 5

BRI S 2 . AL Mangeney %' (S, K.
Bryant % E#EC A SN R0 T
TR S P AR S A AR e RO T R )
T kAR b e RE, T E D R
T3 N 7 0 AT AR A SR 3 S 2R 46
A7 ST ASEALL P B R S ik i Bl AR M A
MrH:sh 4, Z. Dai 2 R H =486 1k
T 12E S A T BN R S R £
A JE I AA] O = AbA57 B ) T % 6 ) i
st R, Y. Bi AT SR BEAES 4
KBS HOTHANSE T PR A il i sl A op
{18 S Wl AN [ 352 A 0 8 R4 Al vy J3E %) oo o
1 FKOK-1E S R R, XIS AR
R s 1Y 2 2222 T o0 B 5 vk R AT AR
0L, e BT DR PR 4 553 Ak T ORI A i 3 ey
B IE ZhRHIE A E 2R A

Yy I 5.9 ( Material Point Method , MPM )

Bk, Y. Yuan 25 I T £ 2R KA )
R PP P BB o B W T R R R A A R
FUAH AR K ASTE |, 76 I S A 400 A9 2o 2
3 T Z R A, S. Andersen 55 4RI T
ST SCIRE Y 0T 5 0k 0 I sl A AL R
FERY | JFAE A T 3 5 b e T T 35k fik
KR SAT . F. Zabala 251 F) 9y i 532
FELT AN FLSL 0, AR SR S B i
BRI B IR T Y R S T S T
FEARASE [ J b g ] Sk, sk 460 FIH
W BT A R R R B A Bl g R I
SHHR FHHEAT T8, 37 5 T
O P XL T B A i 33 A g It i sl AR A T
B, BBEAUL 25 5 I e 1 v B R 0 Tt a3l M Bl )
WAL R, B /NN LA A RS K
TR TS 5, T =4V SRR KA
TN PR B I A AR Sz s



88 Tk B SOR S e AR (A R R SE R

540 %

AR T LA S AR 2 WUk
TS TR T S AR R I A2 8
[V, P it SR R R R M1 2 28
MR ASHOER RN, HIL, EEETY
ik 2R B TSRy X A S R
SRR S Y A SE BT R RAIE 5T s 7E B
B RHISE RA RN R SER b WTFEHT S
ISR | A8 A 0 U SR U sl g
FRISANT L R e S5 I 7 ) 8 o T 3B
s s BRI  BIFFTEE R 0] D R T
B K T AN PR A A

1 Yk B A

W o SR A B9 B 5 B o A
FRES A W ITIER LA Bt AT aE . BB
A% 03 H AR RS R T R N

o, +pb, =pu,. (1)

o-vzav(g.tj9aij>' (2)
1

£, =?(uw. +u; ;). (3)

Ko N )5kt p b, IERT
YIRS L0 T, I o 4R
SN SRR e AR K u, IS
BRI oy, =, Hod ng i Iy 1
SN ] AL ) i e, SATRTTD
H TIPS 7 R HEAT SR A, AR R (1)
il RS B S i Dy R s B X
fﬂﬁuipit',dV + jﬂau,.,jpov;.dv -

fnau,.pb,,dv - fnauii;‘pdA - 0. (4)

L .6u, WELH ;0 WL I 00, =0,/p;
£ N8 =t,/p; Q BT BT 5 4 Y
23 [ X I, Ay S B

X (4) P 5 B U SR AR 2
Bl Ty e .

Ilp "P
Zmpuipﬁuip + Zmna-?/’nsuip,j -
r= p=

zml,biﬁﬁui’, - Zml,ifph’lﬁuiﬁ =0. (5)
p=1

p=1

AP oh BRI FR R 51 AR RN
TR (4) 2 e fe — 00 4 i AR A e 4
WORLN AT

SEF K K Bl MUSL SR i 4% Xk 47 5K
fig 'S AR By S5 A5 N 7 T R A A A5
K H Drucker-Prager # AR FE1 7115
2 WA SRR IR

XD
2.1 TR

BESRMWERN TEGZ2SHEN,
FEE A PR 10 km, HEIERE)E IS A E
oA, HFEE R i AR s, 3
B2 WY E G WK -2 SIHE B 20 5 430 m,
FEEIE LA N 1510 m, Vi A K
6. 15 km® &AM 1.1 x 10° m?®, SEWn T %
PRIE I 2 W2 s LI W2, A
S WA A T AN 1B RTS

WK

FERX

0 1000 2000
AKEEEB/m

Bl RS S IR Ui A S T

Fig.1 Section of the Taheman debris flow
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Fig.3 Comparison between simulation and measured

results of the Taheman debris flow
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Fig.4 Velocity magnitudes of the Taheman debris flow
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Table 1 The maximum sliding distance of the

Taheman debris flow
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