102

JOURNAL OF KOSHAM .

IEEF 180 rE 54

Hyperconcentrated flow: I. definition and rheological properties
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NeRoA AdA R Wsk= 3 FARE SRR
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9] FA} B (sediment concentration)2t 917 H3zo
whepA] ThFskA| gt B S TR vAIEE A
£ oIFAIZI=H, ofHRE Ak A el AL
B 92 BlaE AAEH, o SfAL A A 4% E= T
9] 107m|Rte. 2 359 A% W sko Ik AY vlA|
A e FAke 283t Waananen et al., 1970).
FAFsE Helo] A e 7Y EA R (debris
flow)2} o FHmudflow)= 53] A4 9 X33 x7do] 7¢
FHA AS EHY FARE © Hol ofEsHA He ol2gt
BEo, fAF BEL HE 60%0] AL, 80%9)
FesE 25| % 3 (Costa, 1984, 1988; Pierson
and Costa, 1987), FAk= 259 A% E 9t 7]l 8l
ojA F83% 9L AthWan and Wang, 1994;
Coussot and Piau, 1994: Coussot, 1995, Iverson,
1997), #s=H(hyperconcentrated flow)gt &ol= &
418>(debris flood) ¥ AZ-E(mud flood)sh o2
ARGEZ) & SR, o] = SR S o8 FF A8
e}, sHARE 8olof Ae A] arjsfiof & m|HakA|Rt 5
[k Apo)7} Qi ofgfjofjA] =ojElzo] AR 1 XI5
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Fute] Aefold BEARo SAE 77| 5L, =
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O Fr& RS olSAE 4 Qs A B e e
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AFA OV\ SR }\—4 3-5z(A) ez vl g, uet
A FAR ol Fe] 33| F7Ieke A frol |
T AL FRRE 2700014 9] el Al
A4St 4= QthMizuyama, 1981; Komar, 1988). 18]
2 BEATS U A5 fole S5%t A &
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(two-phase)®] B34 fA19) EREY FBA W

(bulk behavior) 18]il T 2= 59k HAYSH= 11A|2} H
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55 ol W F55H] o= AP EE dlA
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Qe FEFAZR AsdcHFei, 1983; Wan and
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Y2 fines)’= FEE(yield strength)2] 28-S oF7]
star1E 1 3], o7k HlErAl(non—Newtonian

fluid)®) A% ARS Lebdiet, oleiat frEfAlelA b

3| = 22 v

2) FEGAI= AkE(shear rate)oll thaljx LT AL 7
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HE oA FETE Hojg 2 gly| Hejw) AdtE
O] FEALE AeHAloA = BF0] ©
Ao Aglo] Ao A (U7 4mm oS &
GA17]710) FE5lCHPierson and Costa, 1987).

e dR7F H8A Z2 X (flocculent
structures)g HATRe A FEAEE A FoE &
“8Fal(Coussot and Piau, 1994, Wan and Wang,
1994), B3 71%9] 42 23} E(static mixture)ol|A]
4AmmO FEJAE F7A1717] A= FAlol 2shiAl
AlaEl= Feolelo ofF 60utAZe] XagE7 st 2
Q3ttHampton, 1975). 3 (static) EAF Eak=0llA]

- Apo] A|AE7] flsiile S o' YRE nhk
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Teefe nEAFEE D oA AE)7}F Hisko
Ts7|nt ohH, 2bd 54 FdEioll A there] ezt
olFEolA= EFo R 715HrHCao and Qian, 1990;
Rickenmann, 1991; Dinehart, 1999), &4 3= Al&0]
ofst YR Aot X#% A wefol ek 4 Qlrk
(Cronin et al., 1999). F-f3fl QL= Hefjo] ul&o] ulAE
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= ==l teiA 558 =2z HellPierson
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FE(EE 2 AE) Bl 27| S718l= Al3do] QL
<, o] ARe e sietAl= Aofsh=d| AR
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ZW5he Heflo] S 7RARL QIep, o]t gAkAa|
e S7h= Ak FheRiE se=e] B

ez Hojapgo] et mHllyt AR (Druitt,
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1%

nnm 4>«
o =

ot

b

T

N

ul
B
of

L

o x|7t t
= AAE et A4 =76 (water column) 22

D)

—Hz

AT 4 o Aol e FsmR HHEe
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CHDruitt, 1995; Major, 2003), YA 7+H2] npakg do
7= A5oE QoA Fal vt 2 e ] A
AL 7hHe YAREET W= ek EehA| Ho 1
A B RSS2 BIEE 7| Hw | webA
ol T4 on, 453 HA] o8 AdEo] T
t}, F=F ATAES o] A4S “o]&(heterogeneous) Is
EF A I (homogeneous) IEi E o7
29| Ho|& AF3IthQian et al., 1981; Cheng et al.,
1999; Cao and Qian, 1990). ¥p72] F-5 Akl tist
o] A= oF 19%A14 5 oW HQian et al., 1981), &
o FaL, o] a=x] 5t = A9olle L AA
= 50~55% A &EE Alolo] Qlth(Pierson, 1986:
Cronin et al., 1999; Major, 2003).

3. s=F° EX(Characteristics of
hyperconcentrated flow)

3.1 US=F2| ZHA(nitiation)

TerRl Toauy) Aol Ad(entrainment)S
ool BRARE 7t ZRIAL B BARTE 314
oyt Alel ] (selective deposition)S Edto] #& &
ARE AT o dofd 4= Qlth, 71E AFEolA] HarH
TEEiFo] 7HA] HAYSS AS2A] AY AL}
4=29] ZA](Beverage and Culbertson, 1964; Major et
al., 1996; Pierson et al., 1996), &= 5-3]of oJgk &<
(Rodolfo et al., 1996; O'Connor et al., 2001), s} 53]
of oJgt g=Maizels, 1989), EA72] e](head) ¥ 7
2(tail) F-2ollA 9] 314 12|t/ A B4 (Pierson,
1986; Pierson and Soctt, 1985; Cronin et al., 1999,
2000), B=Foll A= QIgh ko] AL 9] 5= &
TRRith SR ol Aduglel, FA FAE L, A
o7 ulA| YA AP S8 Sa e 2o l %33}
T} 2}o1 70 & s ] 4&5

SUSER 1] Foet 7

FHoH = 2 7HDAlO e ARE fARE =T
Aoz oA XS 4 %= Oﬂoﬂ/ﬂL A 22740014
T vt A 2 4A HAY St (Beverage and
Culbertson, 1964; Montgomery et al., 1999). 7]&9]
T A Ao ofsh HERrt A o7 vhget
o g AL EE Afololls 3 AR ARl A
7} 92 & 4 3thBeverage and Culbertson, 1964;
Komar, 1988; Alexandrov et al., 2003).

TEefe e oR szt 7153 A Yofaf &
s, 53] F9AAPE T5kAY, AR ]°§°] 314)o|
dofuf7] 2191, = Aol 7] il p=Hpe
O] X}Zj—ﬂﬂz] 01—_! unarmored) XI/\IO] HPA“O}7] ZH_?_
Aol A BEAYSICHGerson, 1977; Larnoone and Reid,
1993; Laronne et al., 1994), 0|23t 2|&of|A] T 2HAY
Al BfAb sl AR o2 057 5.0% A4 s=e] ¥
99 ol;qu]- 35| Tk o= AjAto] WRAEEAL 9l 97
o A WA fEAMTol dofuhs Bt e TAl AL
7t 22 fodE Aol ”H E240%9] AHEe
£ 205te]) BAb w27t BAY & Qitk(Lane,
1940; Beverage and Culbertson, 1964; Wannanen et
al., 1970: Gerson, 1977). = S99 FETH(loess
plateau)> 3] IHs=72 ‘Q‘gggol 24|, 71 o]
9= THE 7155 FHSE v)A] SAHERESE AE 9 7h=
a2 F7L EHE), oki(subhumid, mij)oll A+ E]
B2 3Hsemiarid) 7k 9] 71%- 2|3l A4 5712 2l
3 25+ AL} 724 FAE 2287} 2T o211 9]
2otk (Todd and Eliassen, 1940; Cao and Qian,
1990; Wang, 1990; Cheng et al., 1999; Xu, 1999a). &
Eadok= 53] 50%2 AA s 26 Z‘JEHlt
EE 7 7H9-8% S5 (rainfall-runoff floods)S
T AR, ol 2 Aol = Aol 8
Wkl (disturbed) ool e Tg=7H s A
‘RlLE] ol WA ok mAgH M9 B o]

Al ExZs7] wfZo|th(Segerstorm, 1950; Waldron,
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1967; Scott, 1988; Major et al., 1996; Rodolfo et al.,
1996).
SHeER] ool A “*3411 ENS7} sisrRa uhAsly)

1=153
£ ot 2 ) £45 56

1t 7 7] 8 A 3}
TR S| B flste] Stk AE
B 4 Q=S EARIL distololof gtk () EAE
SHE-C AN A O 2 u|N|QJA}7} Aojof StHA EV} 1
T EAFE sl 2ol fith. Sk 22 2%

o RolH BARY HeERRY HES o5

3!, ok ¥ 1% Qltk(Janda et al., 1981 Pierson
and Scott, 1985; Scott, 1988; Major and Newhall,
1989; Smith and Lowe, 1991; Scott et al., 1995; Major
et al., 1996; Cronin et al., 1999, 1999; O'Connor et

al., 2001)

FE

—l>

3.2 F&8lRheology)

e RRqAe W4S = s A

A5to] Athe(shear rate)o|ut E582 288 34
o gavolr}, A HES HEY 2% Bt 557t 5
Ziekel wet S7ksk=d, $7Have 54 o lFHCao
and Qian, 1990; Julian and Lan, 1991), 21| 44 2]
15~45%5 33T AE 4l A& HOoolzlL Jss) 5o
HYET 15-4 A 2 $44< 7HAL lthJulian
and Lan, 1991), &4=3F 237} 22 SEQ A= 245

g slollA Mol Har, ket SHAl &

o
mﬁ
SL
K
=
=
1A
>~
JQ

o Aws)7] 915t ok SRR A} Sleolo]
et 8oke Major(1999) B], $E3H4 750l thal
W IE BPAo)E B, Adzel AR 9 YR g

8
o] 55 F 97 BE, 94 5= 2 AHeEan

k)

Mg Eas taEshe ddas 39| A A |
9= Bingham Edo] & th= Aow ZhREal Qlrt
(Fei, 1983; Wang et al., 1983, Engelund and Wan,
1984; Cao and Qian, 1990; Phillips and Davies, 1991;
Major and Pierson, 1992; Wan and Wang, 1994).
Bingham &2 -3 32-3-8 (finite yield stress)S %
k= Bingham H4A0E d5she Aoln, ofefet
o] FHY 4= Qlrt,

71N, & A, L gugeloly

— O
ARG, & E57AAMITE Barandt Walters(1985)& A
Al g2 A PAEol Fiael AdHlollAls EA4

010 71

SHA] gfom, vl= 2kl AEfollate ful7t Yl AlE e

, + Binghan &

o} slrieh, ARy] FEgAL tl$ e AL o
A= 28Itk gtk

ghiso] el Al AR BN Gt 2 4]
2 glolx Agkgelo] ARA BEAI: Aekgo] %
7Kl we} AR 4TS HojFid| o3 of}

T A2 d4" dAE9] Folg(floc networks)7} At
of 2JailA BHE7] wEolthCoussot, 1995), Athz 0.
& =& Aeka(e] 100)0fl4 = dF a7t ok gk
M= YRE AT AEE HAasE SR
(interstitial fluid)®] /8 oFA] 24k 24T @
& ALEG)IM eHE Aol (floc networks)=
A %] —’F 210 (Coussot, 1995), EefA= B84
© 2 A52R8517] ARSI Major and Pierson, 1992).

ole} 7 % A = EE s 540 2] 84
Z71o) 2341 Bingham Z@lak= th2 ks 21 LEehd
o}, Hgkgol| o3t 1449 o]e} 2 A|oj= Herschel-
Bulkley 222 Hr} 2 yepd & 9l
Piau, 1994; Coussot, 1995).

(Coussot and




T=1, +

A71A, = AdAREelAL, A9 n2(0<n<]) Ae &4
&

F2 golelrt, nol 12

go] Hr},
33 Rt R& Ex(Turbulence and velocity
distribution)

2 S5l iR (turbulence structure)2}
TS| it AR Gkl Bt A7t A=
LA e Ao g F-& R s olFAT = W
ol thsto] pRiEjofA g A-Eo] AV UA|5}HA|
drho]d Y= ‘Wang and Qian, 1989; and
Cao et al., 2003 o] L2F=|o] 912,

A rlo e

Bradley(1986)9] A9 ATHs Ismfold] §4EE
2 YR A0R BHE 4 Y8 HolFul X, 53]
o A =
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