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MECHANICS OF THE VISCOUS TYPE DEBRIS FLOW

By Tamotsu TakanAsHi and Koichiro KOBAYASHI

Synopsis

The equations for describing the particle sustaining pressure and the shearing stress in a viscous
debris flow are proposed under the assumption that the micro-flow structure of the interstitial fluid in-
duced by approaching and receding of the lined up particles in the adjacent upper and lower layers plays
major role. The two such fundamental equations give the vertical particle concentration distribution
and the equilibrium particle concentration with which the flow continues to run down neither deposition
nor erosion. The viscous debris flows on a rigid bed are classified into five categories by the relation-
ship among the supplied particle concentration, the equilibrium particle concentration and the critical
particle concentration to guarantee the particle sustainment by the action of micro-flow structure of the
interstitial fliid. The vertical distribution of the first approximation of the mean velocity is obtained by
assuming uniform particle concentration in the particle mixture layer which appears in the lower part or
in the entire depth depending on the flow category it belongs.

The theoretical considerations are proved valid by the laboratory experiments and the parameters
included in the discussion are assessed. In general, the apparent viscosity of the debris flow is far lar-
ger than that of the interstitial fluid by both the effects of decrease in the shearing area and micro flow
structure in the interstitial fluid. The experiments revealed that the ratio of the two effects is different
depending on the viscosity of the interstitial fluid.

The equilibrium concentration of the particle in the experiments is not much different from that of
the stony type debris flow. Therefore, the mechanism of the viscous debris flow freighting much more
particles than the experimental debris flow and still flows on gentle slope with fantastic speed that main-
ly appeares in China needs further discussions and experiments using nonuniform materials.
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Photo 1. Intermittent type viscous debris flow.

Photo 2. Turbulence in the front of the debris flow.
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Fig. 1. Particle size distributions in the Chinese viscous debris flow.
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Table 1. Experimental conditions

Run (Q) Cr (g/ng) (clf)/s) G | G (g/gm“) (c’rzn) (cZn‘;) (cm*/sec)| Category
16-1 | 16 ]0.206 | 1.330 35(0.266 |10.292 | 1.672 | 2.0 0 1061 |No Deposition
16-2 | 16 |0.206 | 1.330 3510.306| — 1.724 | 2.1 0 1173 s
16-3 | 16 |0.210| 1.336 40 [0.366 |0.381 | 1.806 | 3.1 0 857 ”
16-4 | 16 |0.241| 1.386 | 150 [0.242(0.271 | 1.684 | 2.1 0 1027 ”
16-5 | 16 |0.241] 1.386 | 150 [0.266 (0.291 | 1.713 | 2.4 0 1061 ”
16-6 | 16 10.241| 1.386 | 150 |0.287 |0.276| 1.740 | 2.8 0 1093 ”
16-7 | 16 |0.241 ] 1.386 | 150 {0.316 {0.330 | 1.775 | 3.1 0 1138 s
16-8 | 16 10.231| 1.370 | 100 {0.3430.376 | 1.799 | 3.5 0 1239 »
16-9 | 16 | 0.241 | 1.386 | 150 |0.243|0.211 | 1.685 | 3.0 0 1027 ”
16-10| 16 |0.316 | 1.506 | 4000 |0.287 | 0.326 | 1.826 | 4.1 0 1093 7
16-11| 16 |0.316 | 1.506 | 4000 |0.353{0.378 | 1.899 | 5.0 0 1204 ”
12-1 | 12 0.206 | 1.330 35 (0.266 |0.253 | 1.672 | 3.6 0 1061 |No Deposition
12-2 | 12 |0.206 | 1.330 35 10.316 | 0.318 | 1.737 | 4.5 0 1138 ”
12-3 | 12 {0,241} 1.386 | 150 [0.24210.250 | 1.684 | 4.0 0 1027 »
12-4 | 12 |0.241| 1.386 | 150 {0.266 [0.267 | 1.713 | 5.0 0 1061 ”
12—5. 12 |10.241| 1.386 | 150 |0.287(0.296 | 1.740 | 4.8 0 1093 2
12-6 | 12 |0.241| 1.386 | 150 {0.328 (0.334 , 1.790 | 5.6 0 1159 ”
12-7 | 12 0.241| 1.386 | 150 |0.353(0.339| 1.821 | 5.2 | 1.8 1204 | Deposition
12-8 | 12 |0.241| 1.386 | 150 |0.243|0.278| 1.685 | 5.0 0 1027 |No Deposition
12-9 ' 12 |0.257 | 1.411 | 340 |0.266(0.283 | 1.732 | 5.8 0 1061 4
12-10| 12 |0.257 | 1.411 | 340 |0.316 (0.318 | 1.793 | 6.4 0 1138 o
10-1 | 10 {0.231] 1.370 | 100 {0.121{0.093 | 1.521 | 4.5 0 926 |No Deposition
10-2 | 10 {0.231] 1.370 | 100 |0.177 {0.149 | 1.591 | 4.1 | 0.9 986 Deposition
10-3 | 10 {0.231} 1.370 | 100 {0.224|{ — | 1.650 | 5.0 | 1.5 1046 ”

8-1 | 8 10206 1.330 3510.126|0.049] 1.492 | 1.7 | 25 891 Deposition
82 | 810206 1.330 3510.209|0.042} 1.599 | 3.3 | 4.6 979 ”

8-3 8 10.241 | 1.386 | 150 |0.121(0.022| 1.541 | 4.8 | 1.0 891 s

8-4 | 8 10.241| 1.386 | 150 [0.209|0.046| 1.643 | — - 979 ”

8-5 | 8 10.316 | 1.506 | 4000 | 0.126 |0.062 | 1.646 | — - 891 »

8-6 8 10.241| 1.386 | 150 |0.24310.110| 1.685 | 5.0 | 1.2 1027 ”

4-1 4 10.206 | 1.386 | 150 |0.054{0.010| 1.453 | — - 824 Deposition
4-2 | 4 10,241 1.386 | 150 |0.243| — | 1.685 | — - 953 ”

441

HotzDT, WELI~16" O#FAL+ER L THBFEIIH LTESI L2255, Fig. 30ERDL I %
BRARTT DB P olzDT, THEYRODLEIRPITRENT WD, 720, g3y 78
7—X (cps) B THB, B, RFOBBIIRMEERL TV 5,

KEBTOBEKLY 2B R5) — OMEAERICEALT, &k, KA® DR

_ 3
#= 1Y ey — 17052

PEHL DR




442 AR EFERTER H 365 B-2 5. 4 (1993)

ﬂ/= l +Al_l_i2.2_2% ................ (28) 100005’_
SHRRSATVD, 17U, dEHE 01 opg
HTEY) OREKEDEETHD, ThHOR i
HRTHEMA D Fig. 3 BITRENTV 5,

+ RO TS OB E LT S 450
om ORIECHE L ) B8 200 2 OBEL T :
FHATIZE T, REISRZLIBRTFOB - .~
SRR L Tl = OHECHMEDEE - |-
OFESG LPRETEEVOT, RIS, 7 100 ‘|
ES AT R E R O REIEOREFS A b\ D
PRE Lo ZHUC XU, b MBEEEET N /
EI SHEREDOEDHLHE b b o728, Fh I o /
PEORVBELHY, FOBENL HHE 7 /
RO TAEIE D &2 THRAESAOREHEIC
BhRASEBEYMAZWI EIZLE, £/,
DL REESFNEETIR, WA LEH IR [ e
KOADE % DHRBBHE L7 HE, TOHS -/ -
DHEBEFHERDDIENTELVDT, D | =7 . | , |
A DRELTHETH %o ° 0 o

FTRBEROFEBRTRICEAER, 20
FTROBBORE RS L) 2BRE
KB ICEHRELT, BEMIZHET 2R2%
Fote LEALEXS, ThARELAIEICLHANOBEIAE L, BETREL 2 > CHElIE
C, FHOY > FVOBESEECKE(RBIEHFHFELLENT, TITEIOWEERIAVENIL
L7,

1000 — I

Fig. 3. Viscosity of the interstitial fluid.
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Fig. 4. Experimental and theoretical velocity distributions (Particles are dispersing

in the entire depth).
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Fig. 5. Experimental and theoretical velocity distributions (Particle mixture layer

and fluid layer are separated).
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Fig. 6. Viscosity of the debris flow versus particle concentration.
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