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Fig. 1 Criteria for existence of various sediment motions

<, RboTHBNL 7 —o v BEIS P Al
THELIERY, RALTESHROLESH~ERT D,
ZLT, EHIERENL I —ODORAE CoE2X
B¢, MFREORASHLMBORZRPRATE L 2
D, MEHIEEL RS,

3. EEXERICHTIENAERX

Fig. 2i1 B4 A MOBMERTH S, —RiZ, &
MR TR OEE - BEMHRICEoTRF
BEXALGNTEEIN TV D FEEH & BLF RELHEIC
o THELTHD EBEHNORY LTV D, Zh
b oD ORI S TR R &R FREICK
Y5, RRTHAEL, MBI FERE
KEoTHED LN THDMALITHE BT + 4 i (stony
debris flow) T, LRBIZIZE A Y BEDEZEA TR
WAL TR IR B i 8 (immature debris flow) T&
B, £, MREFENNEL, BNOBENTE
ROz, AL 2B TS boRFmE
+ 7 i (hybrid debris flow) T, Z0H T, TREOES
NEL, FEALBRERBIZTNLR2TWV DTN

Fig. 2 An illustration of general inertial debris flow

# B A 47 5 (muddy debris flow) & FEA T 5,
T, Fig2 TRENEBHELTHRONEHEED
Fig. 30 L9 ThHhA I, MEhe LD b LD EBHT
R FREANICE-TEELTEY, EShOTE
NTIE, ExDORFIIUOR T LR LREREHRY
BEUAPLIIITRBERICFTEBHL TS, L
oo T, FTRNTOREGA EERSM D OEENX
I, EWRFABLGERICEALTRIC, TATh
Te+To + Ts +Tm = p tanf + pg(h — 2)sind  (3)

ha

P+ Ps = (0= p)Cgcosd =p” 4)

z

DEHITRB, 2T, o WFEE, p KOBE,

—203—



il

A, | Upper Layer /

h -L-
h, | Lower Layer ‘AC" TR
[ P
8 L—"  Velocity Solids Excess
Profile Concentration  Pressure
Profile Distribution

Fig. 3 Structure of the general inertial debris flow
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Fig. 5 Solids and velocity distributions under different particle size and channel slope
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Fig. 7 Transport concentration versus channel slope
for various particle diameters
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Unified Model for the Inertial Debris Flows
Tamotsu TAKAHASHI and Yoshifumi SATOFUKA

Synopsis

This paper gives a unified theory of the inertial debris flows applicable for all the subclassifications;
i.e., the stony, immature, hybrid and muddy debris flows. The stony debris flow is defined as the flow
whose entire depth is composed of mixture of coarse particles. In the immature debris flow the coarse
particle mixture layer occupies only a lower part of the depth and beyond that virtually no coarse particle
are contained. In contrast to the stony and immature debris flows, the hybrid debris flow appears when
the comprising particles are small and it is composed of lower particle colliding and jostling layer and
the upper particle suspension layer. Of the hybrid flows that has only a thin particle colliding layer is
called as the muddy debris flow. The unified theory is based on the constitutive equations for an inertial
granular flow and the turbulent suspension equation. The experimental data confirm the theory. The
theory also revealed that the previous Takahashi’s simplified theory can predict the solids concentrations
in the stony and in the immature debris flows equally well.

Keywords : debris flow, inertial, constitutive equations, velocity, solids concentration
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