W 4 B %K 19092100, H1-10X

MOUNTAIN RESEARCH, 1 9 9 2, 10(1), p. 1—10 )
ﬂE:Eiuw|¥]§ﬁ3ﬁiuw‘E§§L
Tk ﬁ%t , X E ORIR
(*ﬁ#ﬂiﬂ#ﬂ%ﬁﬁ) R AERTETRER) (P BB R JU R A W MR )

® R H’E‘Lﬁé‘]&ﬁfh R4} IR 7 MRS ) A RE I I Oy 48 AR, o X K OB AL 3R
PR R G A 5 638, BARRY AT Ko JPOR: BT o 3 A 2R RO (W] R0 0 AR L
BRI RERIKER, EANANFHR  ABRERARABFHORAR S HEEKRE
HEK R R W IR — B RO RMES, ERERFR TN AREOEE RN
H.EhkEREMSEERE, EIHREVEH SRERERREZ +,

x#E RER MEX Hﬂ o

T‘\%Eﬁiﬁﬁﬁjiﬁﬂ

RARBHK . RUMERAPHREGRH. HIFR2 RARR JER BIK A,
EEHATUWE, %Eﬁ@ﬁ%ﬁéﬁﬂﬁﬂ&}iﬂﬁ*ﬂn* RERBESUWARNS
BURE T RARMSDY ERE. -

. RRANEHNEFATY, REEMR M TBEARA KA. ﬂi&ﬁﬁﬁéﬂﬁ?{
FEUREFHEM, AR RIUSRE Y WRREREC PR B R R ™.
X EFR AR IR R TG WS YL ) R R OB G dn ks, M B LA R E R
(mﬁ*ﬁﬁﬂtﬁ&ﬂﬁmﬂrﬁ)é‘]ﬁﬁ%ﬁﬁ% BIN—EFEE. NTTRLERE RO H
MU IR AR AR AL

BERGERE_SRERAR, WXEXRERBTROT,

= JBE FHAEA

(D RABERBY
B IR A T R 0 TR A R R R B
=7+ 1w (dU/dy), 1)
K v RS v NERN S HRERYGAU/dy IWYER, RE¥EERESY
ARRRERFRFEERAMBREEED. BINFRERRS, BRERLS
AR GETEGNN A S EEN X R T BIE. » M w SR REN BT
RAMK . BEOR R R w5, BN B AR BN RS CF BEYE, Bk
s, — P EABRRZ D<0. 01 ZRAME, R » fl 4w MAHEEYHEKR. A—H

» PENERRNBERRNF R ESFBWE.
A& E H ¥, 1991-09-16.




2 W o W% 10 4

BV A P2 W A TR R R T o W+ — SRS, TASA R R

MK v HMEMK e WHAEBREREBRFAESE NSRRI E. FPRK
EMBATHR AR, NS SHBRERRZ R i B R R EER.
ELREAF AESR oAl KHRAERBRE. EIHRAUBHR, 085K
HERARERESGRESHORERN L ERENREFRTRERS (D>1.00
ZEXOHEBR M HRAEARTESH. ER2BEEFBARERENHRESHE. EAX
SEWRVEEEATRE KR TR,
(D) I Mk &8
BREREXREERKEGR: Basnold“’XJ‘EmJEﬁﬁﬂ*ﬁﬁﬁ?fi&ﬁm T 78 [B]
BRI BT 1R B 45 R , Y "
Py=a, p(AD)? (dU/dy)* cos p (EBRIRER A, (2)
Py=Pytan @, (3)
ULBERSP Py M Py 4351 B0k 5] R 18 7= 4 49 IE 1Y 7 F Y1 B 77 (Bagnold BT & 2 B K

BLA) a0 R B0 ¥ o0 ORI BE s D 9 ORDRL A2 5 w%%ﬁﬁlﬁﬂ;ﬁ*l’iﬁi#ﬁﬁ A 24 R

SV H S BRI BRI C X RN
A=[(Co/CY*)—1]"4, (4
R Co T B A ALK T B

e R X 4 TR TR 18 £ FE 5 38 T AL 0 0 0 s i T 08 T3 . 2
2 FERFR 2 0 BURDKE ¥ (X P, JBOBL 5] 8 KBRS 4 £ P o5 1098, BRORLIE K T B VR W A9 7 24K
WYL SRR RHLR, , |

Takahashi* gy BF 5 RO YB3 L4 53 F W 22 WOR: R0k (K09 % 4, W B 4% 31/ Bagnold
BRI 45 AN IR E MAZHWIE . Takahashi LRI IK BE 4 75 150 WATHR, B T8
HYIRERKESF . BRKESBRHOE AERSONRALLMOFELE TR
T 5 |

(S EHER : '

Chen 4 1 i) 27 26 BY VRS B0 4 B 75 O A5 M0 2

Py (=P,)=s cos p+p sin p+u (dU/dy)", : (5

Py (=Pu)=—p+u(dU/dy)", (6)

BUEPRA  Po, Py S BINIRARIER S15s HEERE N0 N B p HES 0
e 53 S K H0 BE 6 AR AR T B 4547 o0 IS5,

B3 (5, 6) 7 WL, B2 41 36 R4 S B 0328 o8 6 36 190 70 B U 3 L TR 8045 . IR A0
EN A # R REARE WA, MAR QBRI LR S ER%
K. ROIPEGWEET LM HFHLA s cos p-+p sin o FUERBIE A, X5
R0 R A I TRIREL ) MR Y BE SN TT AN . A0 b3, 34 A M 5
H AT R IR TR PR A TSRS . MESh, AT 0 WA T B 1 —2, 3%
FRE, XESHHESE, Chen FIRMUKBHRA MR G, SRR IHE.

COR I T |

LT B

3 g



4

¢ 4

18] EXWF RARMBMBEREY 3

4 e ORI CHEBF 4157 LAY R 005 i M) RO AL B 28 AR B . R O T
W — FRAE TR0 VBTG U 5 7 0 30 2R 1 T ORI RE I 1R A o AR 48, T BL 1) A TR (MR B
WO BT R R — R, R U 60 RY 7 p = HR 4 LR B
P=Py+Ps+P., ¢p)

KF P YUK 7'J;P- %Eiﬁr_‘v’_ﬁ;i’dmﬁr“ﬁmﬁmﬁ H.

P REREMIEH BT X RTSIEDRERFENN S, HREE
F Bagnold Jf 2 MBS BUS A1, B & R GRS BN A TR (@Y P XEAN S
BEWL 2 &M AR T E e . SHR R R B BORM B, P & £ S ML, P &5 P TTHE
M. MEGRBRRER, BRUHE. EREFRREDEST.P.5 P ¥ KE
EMFERERATGE. AFRRRECRN, BRIk ERMEC<0.00)%,P & RHY,P.
AR BRI ERR(C=0.35 )E W NIMR,0.04 <C<0.35 &,P. 5 P. )
Eua RN RE.

EFSANAMEARER, ERRAFRHEAFSBLARRAER. ERAY

- YIBRLR R BARAT  BERAI R ) Poo FOBRRIERL Ay Pryy A HRIA RO

\!\ Pyy=Py, sin ¢, (8

' Pyy=F,/(Co—C)", ¢:))]

UERRE F, o AR BOHAZERSHE AN, BB P. M P A[BBRIESNS
ﬁﬁ‘iﬁiﬁ}%ﬁd]ﬁtﬁfﬂf:ﬁﬂim HehRilE N Py B FIER G (2)A4L, B

Py=fy(e,Cye)p, D (dU/dy)?*, 1o

R fule,Cre) RFMIEBURE C.HMERKT R e ﬂiﬁﬁﬂﬁﬂ e YRR M. BT

Bagnold i 18 T $14 A4 BBUR R 4 K P B0 I 3h IR R E B DI BORL M i 3, AR AR, DM

B F10) 4> FIB foy (6,0 e) =ai 32 cos @, fuy (e,Cre)=a A?sin o FYIHHL .
W%Mﬁﬁﬁﬁ*ﬂ@&ﬁfﬁfﬂﬂ%ﬁﬁfﬁ*ﬁ W OB 0 Y g (RETE R ) 5 R Rk ik

Y el 7 RS R AR P A S VAR U R T B AR e, 77 2

FERA MR MR FEET BRRHREHRANERER, EAERURERSD
a5 R WL AR 5% R, T ELAR AT SRS i EALBUIL R B+ BRI GER B 104 R I
FREFRALBRCRRE—Fl. X¥H B TRHILRKFE. lﬂ‘.ﬁl‘ ﬁﬁiﬁﬁﬂ@ﬁ’é‘tﬁﬂ%
REREEERHNE,

(@ FmE|REE

Ve WAk AR S E AR E*ﬁﬁﬁlﬂﬂ‘]#ﬁﬁ‘r‘ﬁﬁ#ﬁ%i%‘é 2B e A RSk ]

3. BREEAREERGT LS, BT AEEXMIEERER. flm, RERE

M ER AR KR A RNAEAMARESE. KAEBREZILBRPAEIH, &
TEBIERETABEHRE. FUTERE REMRREEL . K5 ABR S G B R A
W, TR B R AR E A, S RE Wk A 8 AR R AL Y B SR .
FABRLEI YRR 1

£ F Y HE 5 B AR A S R SRR B R, Y AR VR T UKL 3h LB AN VAR L IR R 2
.t EARN




4 i B W R 10 %

o<UJ, (11)

o< kU., . (12)

" Do hiwa/(pp—pr) 9> 13)

BEZRS o NBRLUTE Do N FORARBRRE,J G W (PR LR U A HFH
WL U UB 5 R R L BE s 7o SO WA R IR AY 3 59 9 I A7 BOBEBE 5 pv» o1 43 54 9 OB B BEAA
WUAE B BE s ko, ki 5> 520 % 0 BUE K 1 k0=0. 25— 1. 00,4, =10—20. mm;mmﬁjcmm

BB B RE R B,

PIAH AR A R R 2 1. ﬂﬁﬁﬁ#ﬂﬁﬁﬁ!iﬁ%%ﬁﬁ#ﬁﬁ?ﬁﬁﬁ*ﬂﬂ %Eﬁ'%’]
H—EEHHR, ﬂﬁ?&ﬂﬁ*ﬁzr]mﬁﬁ]ﬂ?mﬂ*ﬁﬂ“*ﬁﬁ ﬁﬁmwﬁﬁﬁﬂcﬁ?
- RS A BRI . _

FHRESFBRAE R, AL ERS ARREEREE. 5 ERERE RN
RIGAL R SRR M T2 Y P A LR

MATBTE , ROUE R R TRA WM SR . mRARMEERE, X
—FET R A A EA R, U0, IE R BR A EUBOR X4 1F B A, TR R A AR B 4
RO R ARG WK (B WA B 3R AT A AR BN B R B

GR) & Hp B iF

| RS, WEHRE GRS TS BERA R RERST T HRA. pd
FUAREABRARERRELREANR, RFAREHEHNEH LEME, X
PR IR EARERR . MRERAOYRERMADIFES TG RRY, R
DA HEGE R TR AR e 6 R (SRR 3D . w&Wﬁﬂﬁﬁm?%HﬁﬁﬁﬂEﬁi

o @EKERD.

JRT Takahashi’o (A , BB AR (0 T S 0L T LFHRRB T AR EBRRE
WX BHRENGEATE RGN LER. EREFEPEFRRARLERE, R UHX
— R K ORI O, ELVH S BORUBORL B I A WA AR A 2 3R IR
BAFUER T ENBEBRREER. SRS EXFHREUBN RN S, NEER
MR BEX TSR Chen™RE M, BEMIR UG RE MR KERTN A KRR
¥ %€ Chen BN BEBRE P, B 9=1,9=2 MR FHEN T ROEHRRAN B ERE.
{HZChen M X FHAHERERM =15 2=2 WERBEEHA K, HIAEREAAX=
FREPHBE T RRLREGRAFCEE, MR RS T ENOR RS RAPHRE
- RWALES R R E LTS - FRANRESH. .

H BB SRR PR R R A WA PR AR . FBUR RS R
ERNEBRRERLRSE, AAERERENRRERR DN, LE RS &R,
FOR e, T A D — o L TR 1 1 P oy 4R SO R B0 BT (SRA0IPIAR L. 80 T T TR AR
AEA—FIRRES, G ERHRREZ P, EXHEB L, RUUGRE KRR
FOKG B8 (A LRV SR RB AR o 4 0, N PIARJIAR Ly i o {EL b T PO S b 3 B 2 » T M A
FALSE AR DR U5 VAL IR 5 4 A oy TR M B0 T LA ST AR A R I R A 31, #
M!%Eﬁﬁﬁmﬁ’fﬁq’ﬁﬁlf‘ﬁf‘m Btk LR P RARRETER.



4

150 ARG BEMAFAMEE 5

= UKV A AR A

Uﬁﬁﬂﬁﬁf?ﬁ?ﬁ}iﬁ’]%ﬁﬂﬂﬁﬁ HAFNRRERER, RS A9 R
PJ_PHJ+P€I]+PU’ (14)
RP Py ABE S0 E; Py ﬁ@iﬁrﬁﬁﬁi Poy VR 114> B Py HREIBEY H 4

- &,

YE S BN MRS & 1 T IR R R IR A
Py =PrytPexyy (15)
PYY—P!)')'+P cyy s (16)

ULERRS Py B SYIEL S 3Py JBEBYIR F7 5 Py R RETE DTN S35 Py 9 SIERY S35 Pryy
HEEHRIEN 773 Peyy I REIEIENT A7
HYE Savage™ Jt Jhonson HUVHIH LR, E 7
Pny=p sin p, , (17)
Pry=p;s (18
BERRKP » HEET ;e HPERA. FHEHEBRIKRERX. XTHRRBENT,
EXRFORBELE I SRHEES FEBHELEE,. 8

Pﬂy__4(;.;};9) - [ +'8"E? 2311];)090 D? (d_(.])z
= (1+e)[[1+ 1 \/%]ngovn( ) (19)
Pcyy=3_Rz (14e)pCgo D’(d—y)’=—§(1+e))p0go v, 0
MERRF v BRMEE R, B BRI T, 5 T = 3 Ve N
ﬁif YWREENo=p, C N BRI FLEEBE 5 90 (O) N EBLE B MER, T Canahan HUORER
§o(€) = 5 + 2(1300)2 + i e
B3 .
R= DI ‘/v | (22)
HEAZBFSH S XFN.

TEM R VIBORL MM B R T LR, UIE x KRR BT, ﬁ'ﬁﬂﬂzﬁﬁ'}%
fH 0y EE:FXHITFU: FREE RGBT RN

Py —‘Ptxy+Pey‘—p Smlp+ (1+e)4} [1+80g4’ ]ngDVD('—)

‘=g sin HJ pdy=gHsm0Lpdg, R ¢2))
¥




6 W B R 10 #

Pyy = Pyy + Peyy = p + %(1 + e)p € gV? = g cos 0[:'.0 dy = g H cos 0 J‘p dé,
21)
YL EMR S H BRI R &= y/H , B0k R AR W3 yﬁﬁﬁlﬁé‘}%ﬁﬂzﬁiﬁ}i H&

ZREFSHE RET,
BN Py SRER TPy ZHH
pcgvndl

4 3 1 2
psin¢+—(1+e),,/—[l+ 30 A3 .
Po o tano= 15 2” 8C 90V 3 . (25
p + 5 (14e) p C g2

Aﬁi?IE j] Plyy EWEIE j] Pcyy Z

i, 0 1.0
3 (I+e)p C g 1
RCORAK2E)F,8 0.6F
T 1
2 /3 TS W P Ny
5 tan 0 3 - J
‘ 1 Sin (p )
tan 0 02r L
27) ’
Rk J8
. 0 2 6 10 -
dey=7)(H -~ =pHUA— &), : VE/(DUm/H)*

(28) [ 1 kB R RS B (A5
}—tEP 5 yﬂ y-—H [Z I\E] E‘Jﬁﬁ:‘f’iﬁﬂﬁﬁg l:du: Fig. 1  Distribution of the square value of cohesionless

granular flow fluctuation velocity

£30023,24,26,28)F
P, =% 7 sin @(14+e)p C go V+ -—(1-}-e)./ [l-f- 80 70 /23 pCglV D(&
=gp (H—y)sin 0, : (29)
Po=(1+7) & (14 e)p C u¥'=g 5 (H—y) cos 0. (30)
HAGOE
., 3gp(H—y)cos 0
V= aF ndtorc e G
TE y=a fb, Tk Bk ShEE ¥ 51
i 39 p.(H—a) cos 0 o

2(1+Ta)(l+e) [)nCag(}n )
Brid

A



9

19 EXRS BERNSBRARA 7

(33)

V:_l+rppl go.( 1—-:;)
Vi l+7.pp Coll1-4]"
A B FURLRC 49 TR B LB IR BEIRAE RO RRAR /Db . F RN B ML ML

1 2w

r=0, 1+m ??—1. G
i.0 Aj 1.0
[ — % (38) ° 5 (38)
oo BEYM()3) oo $F¥xk(4)
Q
L o°° Q
0.5 o T 0.5F $.7°
~ 8, ~ ! o
o
o,
" 9o B
I
" - P Lo
0% 3.5 To 0% 0.5 .0
N U/ Un U/ Unp
. 1.0
1.0 , .(38) °
L —— % (38) L oo BEK(14)
t 00 BEMMII5] o
= °
O,
F T0.5 .
o5 N &
N\ o o [o]
L
3 o) _ o .
#=35.3°-39.3 F [
/O
Q
L. vl L s - . 'S 1 l L
00 is .0 00 0.5 1.0
U/Un U/ Unm
He RESHAHHASFRHB LK
Fig. 2 Comparisons of the calculated results and measured data
EXFHRER T, AR (2518
w_5 [=V :
dy = 5 3D tan 0, (35)

B



8 T S S 10 %

| ‘;—g gﬁ’;wmo @6
BRI EEBE TR Y WEERBRAGERFEBHE TR EER T2 EHEMN.
RTHEMIERETNS Y —BRAFSHE 1 FJT‘?TQ‘J?TE(@‘P U BT BRAMAED, HAKE
BRAESHE XHERD.
RSB HARRARN

EBERNR, VHRAEXBHREL =S40, BWRXGDFE § E—BIO0.75 %
KeBUALIL A o SERITFL .
HRGDR e AERARGOHFASBER, BB

= §'(2-¢), (38) .

A Un AREBATE.

RHBAER (38), 8- T L6 0K V8 A Ui (EUBURL I ) T2 A S B BE s>, gl 2 7]
W, ARG Y HEREB% R4, 13— 15]FH LURRFEREAHR.

GLERR, AIHAHM TR

L BARAEFRRAFRIERY, wﬂ‘o’:ﬁiﬁﬂ B ARRE, ﬁﬂiﬁﬁﬂ&ﬁ#ﬁ?ﬁ
BEL, SXEBRE AR FI RN WA W 5F RS, HEFHRGME— LR
RRAFHRRAE, KA SRR TaE g,

2. ABURLRESE/F R 0 XM RMG VR A WL, B B AR B ke R . BRI b, ﬁﬂ?ﬁi
RAREERZAN S FNE MES AT RS RS EMFN HRE TR, IHRR R
GOIHLUEMARXER T, A SHITHERER.

5 % X ®

(1) &7T.1989, BAVKRES, WHEXFEH R, 5 38—78 .

(23 REES,1990, ZHERWRE RRMF L, B idk, 3 78—92 .

(3] Bagnold,R. A.,1954, Experiments on a gravity free disperision of large solid spheres in a Newtonian fluid under
shear. Procsedings of the Royal Society of Londom,Series A ,225(1160) ,49—63.

{4) Takahashi,T., 1980, Debris flow on prismatic open channel. Journal of the Hylrawic Divicion , Proceedings of Amerioa
Soviety of Cisil Bugineers, 108 (HY3),381—306 .

(53 HK%,1986, WANEDR N SHE, Pl TREHR, (0.5 1—8 K.

(6] Chen Chenglung, 1988, Generalized viscaplastic modeling of debris flow. Josrnal of Hydraulic Engiseering, Proceedings of
American Society of Ciol Bugeers, 114 (3),237—258.

(73 Savage,S.B.,1983,Granular flows down rough inclines-reyiew and extension. In"Mechanics of Granular Materials,
New Models and Constitutive Relz‘niom". Ed. ;Jenkins, J. T. et al. , Rlsevier Science Publishers, Netherlands, 261 — _
282.

[8) 1R%4,1901, BRPTMMEAT S RILREA A B2 AL, 55 204—391 K.




185 | EXNS RERMBMRAMR 9

4
» A

(8] Wang Guanggian et al. ,1989, The kinetic model for grannlar flow. Proceedings of the Fourth International Sympo-‘
sium on River Sedimentation ,Ocean Press,Beijing, 1459—1466. - ‘ ‘ .

(10] Johnson,P.C. ,Jackson,R. , 1987, Frictional-collisional constitutive relations for granular materials, with application
to plane shearing. Journal of Fond Meviarics, 167,67 —983.

(11) Canahan,N. F. » Starling,K. E. , 1869, Equations of state for non-attracting rigid spheres. Jowmal of Clemical Physics,

51(2),635—636. .
(12) Campbell,C. S. ,Brennen, C. E. ,1985,Computer simulation of granular shear flows. Journal of Fhid Mechanics, 151,
167—188.

(13) Wang Lixin, 1990,Flume experiments on debris flow. In“Hydraulics /Hydrology of Arid Lands”. Ed. ;French,R. H.,
ASCE Publishers,New York,238—243. , :

C14) Tsubaki,E. et al ,1982,Grain stresses and flow propenlc's of debris flow. Proceedings of the Japmese Society of Civil Brgi-
neers, 317(1),79—91. i

(18) Savage,S.B.,1979,Gravity flow of cohesionless granular materials in chutes and channels. JM of Fluid Mechawics ,
92(1),53—96.

'GRANULAR FLOW MODEL FOR DEBRIS FLOW

Wang Guanggian
(Iustitute of Mechanics, Chinese Academy of Sciences)

. Ni Jinren
(Department of Urban and Environmuental Science , Beijing University)

Zhang Jun Kang Zhicheng
(Dongchuan Debris Flow Observation and Research Station,Chinese Academy of Sciences)

A_Hstract

Great achievements in recent studies of granular flows make it possible to develop a new
debris flow model,i. e. ,the granular flow model for debris flow. The granular flow with a promi-
nent collisional action among particles is a special solid-liquid (or gas)two-phase flow,in which
the total stress is composed of the dispetsive stress, frictional stress and collisional stress. When the
particle concentration is high the dispersive stress may be neglected ,and thus the collisional stress -
becomes the principal one for the rapid granular flow. The granular flow model is suitable for the
cohesionless debris flow or the water-rock flow,in which the little effect of licjuid fluid exists.

Besides the new developed granular flow model, the Bingham fluid model, dilatant fluid
model and viscoplastic fluid model are usually used to describe debris flows. In fact,each of the
mentioned model is applicable only to a certain type of debris flow and thus should be considered
. as a special case of a two-phase flow model. In other words,the two-phase flow model is more
reasonable than others since both collisional actions among particles and the liquid fluid effects on
particles are considered simultaneously. Because of its complexity,the two-phase flow model is
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more difficult to be used to solve the actual problemé of debris flow in the ordinary case. There-
fore, the separate models mentioned above have still found wide applications for its simplicity ,es-
pecially for the granular flow ‘madel which is constructed on a refined theory. From the granular
flow model, the mechanism of cohesionless debris flow is investigated. Agreement between the
measured and theoretical results such as the vertical velocity distribution shows that the present
model is reasonable. ’

e Key words debris flow, granular flow, model
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