FalE F3W
2019 4E 3 A

= =+ I

Chinese Journal of Geotechnical Engineering

e

2
&2

1

Vol. 41 No.3

Mar. 2019

DOI: 10.11779/CJGE201903003

ZRDAENRMERAR MR ERF RS

MRAEAR ", HEH

IR A A IR LS W P R T RSl 2, V05 B et 210024)

poom !
(1. MEUKFIEZE T, L9 M 210029; 2.

1 OE: TSI, DRI AR LT 4y S, K RV R AR AR Bingham Jiifd, H37
TR B IR A T R A B R R R N TR i SRR TR A TR RS EAHE, EEAFZ A I
ZES, FERTE IR WOR AT RS B g R R A S L R, AT RS T RV A IR AE R T 2 I
CHERER” R OpSk” B B REIE LR, BRI RTEE R R Ve A R AR R S SR A . SR 3 AR
56 &5 SR ST AT R S ST AT T IAIE, S5 AR RIS YR A IR I R RN B AR R S Y
RIGLE AR ZETELS% AN, B0TE T A A (A 3

Xk%217): Bingham Jifh; 25t ZE T R TE: A IRABUE

FESES: TVI44 XEAFRINED: A XEHRS: 1000 - 4548(2019)03 - 0422 - 08

fEERET: X 81988 - ), B, LI HMAN, L5, FEMNERT BRI LK G RPN 5T . E-mail: zdeng@nhri.cn.

Numerical simulation of evolution of viscous debris flows considering interface
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Abstract: Based on the interface theory, taking the corresponding surface of the yielding depth of debris flows as the interface,
the viscous debris flow can be divided into ideal fluid and Bingham fluid. Thus, a numerical model and the relative algorithm
are developed to simulate the evolution of debris flows. The model is based on the motion feature of the debris and cosiders the
velocity differences of debris flows in different layers, thereby, it can reasonably describe the evolution mechanism and the
influences on the morphology of debris flows due to the flow velocity. Meanwhile, the model fully considers the phenomena of
“tongue-like” and “debris flow head” of actual debris flows, thus, the motion state of the debris flows during the evolution can
be depicted accurately. A series of model tests are adopted to verify the proposed numerical model and the algorithm. The
comparison between the measured and calculated results indicates that the relative errors of the inundation areas and the
maximum accumulation thicknesses are within +5%, and the rationality of the proposed model is validated.
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Fig. 1 Comparison of velocities in different layers

BT HMM z=Hx, y, ) ETET], #ETERR

N
p=pgcosO(H -z) 3)
ES N/ R SR/ S N aE 1T o oL ) 0 B L5 5 |
T, = pg(sin@ —cose%j(H -z) 4)
’ Ox
T, = pg(—cosQ%j(H -z) (5)

HX st (4) M (5) e fimt R B BT ) 7,
N

2 2
7, =pg(H—-B) (sin@—cos@ﬁj + —0059%
Ox Oy
(6)

N T RS R e AT IR A, LA
e RRIR FEE 0T 2 () T A 4 R TR e A iy R &, 4
ST B 1 v BERD R Hoo T3 51 BA R 2 Bingham
WAk, WIEEGER 0 B, R MBI ) o> I
A AR SN, B LAYE A ) JE ARG FE Ho 7] 38 5 i S
71 1o 1HHEAS F|

1/2

1/2

2 2
7, = pg(H —HO)[(sinO —COSQ%j + [—cosé’%j } ,
6X 6y
(7
BRL 1o R g BRI RO B 22 0 A 5 B



424 A" * R 2019 4E
( s jz.l . (16)
0.1 — (62 < s <1100kg/m*) oh
- 62 5 . ®) q,= g—i[(3H -H,-2B)(H, _3)2](_cos 95j )
35(1;;0j (s >1100 kg/m®) (17)
s ¥ e At (17 RAK (D, FHEIAZIA F=
L(Lj (100 < s <1300 kg/m®) pgl6u[(3H-Hy2B)(Hy~B)*Jcos® #EATHLHT, H (2)
u={ N L 9) B
S
23&}%} (s >1300 kg/m*) §ﬁ+é{( g_ég]}+jiﬁ_ﬁqp}:m
ot Ox Ox oy oy
X s BongwE. Hhal (6) A (7D "lAL, WIEE

IRATCIR A TRREN, FTbA2 z=B K, w=v=0; 251
PLETCBIRN 7, ATLLY z=H B, ouw/dz=ovioz =0, it
HAR B A LA 2 B AR RUE

AFELLT (2 B<z<H, i} ):

u,(x,y,z,t) = gi(sme cosé’gfzj
[(Hy =B ~(z=H,'] . (10)
PE 2
v, (x,y,z,t) = 2#( COSQayJ[(H - By —(z—-H,) ],

(11)
SRIEBLE (2 H0<2<H )

u,(x,y,z, t)— 2 (sm@ cosé’a j(H -B)’ (12)

ujxdgzty:pg(—COSO juy “B? (13)
2u oy

73 FrH CL T R A S 52 BT S, ISR R
TN 73 5 DA B A R W AN SZ R, DA
[ G, 2R .

. 2 /EE/}M./I: X m/)u.ﬁﬁ#ﬁ

Fig. 2 Velocity distribution of debris flows in x direction
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Table 2 Comparison between measured and calculated results of evolution of debris flows
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