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A Study on the Flow Characteristics of Debris Flow Using
Small-scaled Laboratory Test
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Abstract Recently, the frequency of torrential rain is increasing due to climate change, which causes a
large amount of debris flows. The purpose of this study was to understand the flow characteristics of
debris flow according to the change in channel slope and volumetric sediment concentration and to
analyze the effects of a berm on the flow characteristics of debris flow. The flow characteristics of debris
flow, such as flow velocity, flow depth, Froude number, and flow resistance coefficients, were calculated
using laboratory tests. The effect of a berm was analyzed by comparing the experimental results of a
linear channel with those of a one-stepped channel. The results showed that the channel slope affected
the flow velocity and flow depth, and the volumetric sediment concentration affected the flow velocity
and flow depth, Froude number, and flow resistance coefficient. Moreover, as a berm was installed, the
flow velocity and flow depth decreased by up to 26.1% and 71.2%, respectively. This means that installing
a berm reduces the flow velocity, thereby reducing the mobility and kinetic energy. These results provide
useful information to understand better the flow characteristics of debris flow and the effectiveness of

a berm.
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Where, v denotes flow velocity, C denotes flow
resistance coefficient, h denotes flow depth, S
denotes channel slope, a and b denote exponential

factors according to flow characteristics
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Table 1. Equations for estimating the mean velocity

of debris flow

Flow type Formula Reference
N 2
Ne.wtoman v = pgh”S ) 221
laminar flow P
Dilatant grain _ 2,300
shearing flow v= 3§h S (3 | [21, 22]
Newtonian _ l 2/3 ql/2
turbulent flow v= n h*ms @ 22, 251
Voellmy flow v = th/QSl/z (5) [23, 24]
Empirical equation v = C;]’LO'ZQSU’g3 ©) [23]
Where, p denotes density of mixed sample, g denotes

gravitational acceleration, k denotes cross-sectional shape
coefficient (k is equal to 3 for a wide rectangular channel, 5 for
a trapezoidal channel, and 8 for a semicircular channel), ¢
denotes the apparent dynamic viscosity of debris flow, &
denotes lumped coefficients depending on volumetric sediment
concentration, n denotes Manning coefficient, C; denotes
Chezy coefficient, C; denotes empirical coefficient proposed by
Koch(23]
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Where, F: denotes Froude number, v, and v
denote the flow velocity of the prototype and
2p the

gravitational acceleration of the prototype and

model respectively, and gm denote

model respectively, h, and h, denote the flow

depth of the prototype and model respectively
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Fig. 1. Experimental setups for laboratory tests. (a) Image of the linear channel test, (b) Image of the
one-stepped channel test, (c) Schematic diagram of the linear channel test, (d) Schematic diagram
of the one-stepped channel test
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Table 2. Experimental cases of this study Design of
experiments
Linear One-stepped
Test type channel test channel test l
Channel slope (°) | 10| 15| 20| 25| 10| 15| 20| 25 Flume experiments |~ — — = a Cy
40| 40| 40| 40| 40| 40| 40| 40 l
Volumetric
sediment 50| 50| 50| 50| 50| 50| 50| 50 Observation of
tration (%) . ;
concentration 60| 60| 60| 60| 60| 60| 60| 60 debris ﬂ°‘i”’e"““°r
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Fig. 2. Particle size distribution curve of the mixed
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Table 4. Flow resistance coefficients

Flow resistance Range of Mean val Standard
coefficient values can vaiue deviation
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(Pa‘s)
(m—st—l) 2240-30764 8801 8087
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(mogésfl) 6.48-9.05 7.96 0.654
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