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Fig. 2 Distributions of coarse particle concentration
on various channel slopes
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Fig. 3 Calculated velocity distributions (parabolic
curves) and the experimental results (circles).
(1) On deposit layer, (2) On rigid bed.
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Fig. 4 Stress-strain curve of a slurry in the viscous
debris flow ’
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Fig. 6 Equilibrium coarse particle concentrations
versus channel siope

ThbH, LEdsT,
‘e gH,sinO{ (o = pr){C —~ C.)tané

2aU prtand
3uU
-1+ SrgHZsimd Hsm 9} (27)
Lk, BT, RACNOEDOPFEILANOHE2R
LEIELEBE LI 2EMD, &R,

. 3pa(o — pr)(C — Ce)tang
v= 2aHp2 tand 28)

TREND,

Fig. 2 IR LEHEFDBEOREN LD FH
BEARDBZLICED, BfE C. DMKRETRT L,
Fig. 60 L 5 Th 5, BB (M5, 1997) THdE LA
KB ER T, ERME OB TFRER, C =0.425
ThHY, Fig. 6 DEEMBELWVE TS &, K(286) 2
5,9 Y EOAR CIREMIELRZVEVI RS
A»rnd, LOL, ZERIIEL-LBH8BICBVTY
HESELTWA, il ERCE, BB0EE
FEAK ST, MFREBKELLARD LI ROH
FLTWAEBTHD LEESh, EROMEHMERN
EHATIICRC. 2P LAS AHLILESD
LHTh5B,

ERIZIhE £ BERY -CoRBHRICES
NE#EBLECROLERY—UBRTLTLSH
G HAMBLEN EEMORTLTE LY L —H
WKioTEHEHY, Z0X52Z Lk, HBEEI RS
BOMBEIEEALRAILE ) RHEBEZRHFLTND
TR EoTVWA, EHEITHRFMAENRAIIC
Yo TRBINERBICAR>TVAS, FifthF—¥
DEEORBIC > THESRTENTHE 26D
E0THDH, BETHRBOMEHL, beb L EBER
EREBHDTHCOT, HHT L HHYUN L OEBE
fLbEITHZ, BRECBV TS, Hrhy—v
OEEILL-T, HBMBO LOBRITTHRKEEF
BLTUWANIRATHAMN, LY AROEH%
LTWAZ EBEMDERTWS, FCIX Freik
F—CREEL TRV, ErRBELORA
L0, HBEAEAELT, ERTRELARREICRE
BT3B 8LH5, HHEIIHEBIIERD TRBEAR

REFRELTEY, AREDOLEE ZENER
Chd, HAOEBLSFRVHEMER, SLES
BREEORVESIC, RECEREH I VIZREIC
FoTAGEEY, hbMhLORBIZE(RT S, 20
IOREENS, BVEMMETRYIELL>TL
Z3H—COEBCBELTE EHBFREDCRBE
BRTILOLEEET S,

5. MRMY—SORBELVERO—-RTHRT

—BARABERIVEBELETT LRy —V0—
REMFITROBHNS L CES RN EEICHES
ZlitkoTREND,

8H; OUHy) _ .

25t t 7 = (29)
8(UHy) 8(UH;) _ . O0H;
-——a—t—+1.2 oz =gHysin8, — gHf cosf, F

B 9,2U°

p3-H3g{sin 6, — cos 0,(0H;/0z)}
I 0 REFKARTHY, i K28 TELD
nd, EEL H—CoEELARCEDY -V T

TEXHEBYNTFEBE I T CHEHT LT,
EREGEEDE TR EIToLRRERE
8L oBOKT, Fig. 78 L U'Fig. 8IZRT, 7K
L, LmEREGEL LTI, EREGHCEDET,
Fig. 9D L ) R E&NA FR /77252 TW5,
ERBRAEOIEII0cm, B XiX7.5m ThHd, 28, Ce
i3, WA % LT 0.41, WEROOIZ X L T 0.38 L L
fr. 72, a =09, tang = 0.7, pr = 1.92g/cm®, o=
2.65g/cm®, p = 1.38g/cm®, po = 6.2Pas & LTV 5B,
ERLHEOLBT FHEANSK (XERESHS
M5 3m OABICRE) BLUCTHRAMSE (LHR
HAED3m FTik) COMhORABLUHEHRERE
DEBHLRELTRENTWS, Fig. 7(a) i3, K
BARA11°C, KBEABEEROBAICHT LR
1EOH—VORRETH D, KHBOMTHEEZE
B L UBFE IS 73.7cm/s ©, ETF3mO X & i
FTa0EH4BHEEL TS, ERAANSTORH
BAMBEREID bEIHTVAA, £&LLTE
T TO RO REROEMS, HFETLL
BRELTWBZ N2, REXRET S &,
ERTOKMIEABIZLALBDONRLL RoTY
B, ThiE, bRPEANEEL TS L EER
LTEY, HETORRHEFES L L<HBELTY
5, ERCREEBORES S ORMESHNEAR S
NTWANS, 3E TRV HERE 0N (28) B3
NOEELRBICHBSEEL LV IHEEH-T
WHEDT, EDNL D RHEZRNHTWS, BRT
DXUELOER & HBETORRE S DE{LOBER
FHEBTAL, HEOHBER SSRFHCET L

(30)

—270—



8 : r
11 degree Ist surge] . f—o0—— Calculated at upstream st.

r Surface of deposit { —e—— Calculated at downstream st. ||
~ Calculated at up st. ]
g 6 A l\ Surface of flow { Calculated at do st
-

——— Experiment at upstream st.
[} peri ps
% Surface of flow { Experiment at downstream St.
24
w \
\ Mo
My
2 =
- e
o e
0 10 20 30 40 50 60
(a) Time (sec)
[11 degree 2nd surgq  {—o0— Calculated atupstreamst. ||
Surface of deposit { —e— Calculated at downstream st.
i Calculated at up st L
g 6 Surface of flow { Calculated at d st.
A
g i ————  Experiment at upstream st.
% 4 Surface of flow {——————— Experiment at downstream st.
o
w
N | |
i
2 1
o -
0 10 20 30 40 50 60
(b) Time (sec)

Fig. 7 Comparison between the calculated and experimented flow stages and deposit surface stages. For the
case of 11° channel slope. (a): the first surge on the rigid bed, (b): the second surge that traveled on the

deposit made by the first surge.
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Fig. 8 Comparison between the calculated and experimented flow stages and deposit surface stages. For the
case of 9° channel slope. (a): the first surge on the rigid bed, (b): the second surge that traveled on the
deposit made by the first surge, (c): the third surge on the deposit made by the second surge.
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Fig. 10 Schematic diagram of a debris flow surge
front
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Mechanics of the Viscous Type Debris Flow (3)

—TFormation and Propagation of the Debris Flow Surge—
Tamotsu TAKAHASHI, Hajime NAKAGAWA, Yoshifumi SATOFUKA and Masataka OGATA

Synopsis

This paper considers that the characteristics of the viscous debris flow such as the distributions of
solids concentration and the velocity are ruled by the mechanism of particle dispersion in the laminar
flow of grains immersed in the highly viscous fluid. The theoretically obtained constitutive relations are
applied to the open channel flow. The remarkable peculiarity of the viscous debris flow that it can pass
through a gentle slope reach freighting highly concentrated solids is satisfactorily explained. A depositing
process model that predicts the thickness of deposit left after passage of a surge is proposed and its validity
is proved by comparing with the experimental results. The relationship between the propagating velocity
of the surge front and the cross-sectional mean velocity of the flow is given. Concerning the reasons
for intermittent surges, some mechanical possibilities are explored and we conclude the intermittent
occurrence of landslides is most likely.

Keywords :yiscous debris flow, mechanics of flow, Newtonian fluid, resist law, equilibrium tration,
deposition, intermittent surge
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