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3. An Experimental Study on the Flow Characteristics of a Debris Flow
— Influence of Particle Size and Structure Rigidity
on Impact Stress in Model Debris Flow —

by Noriyuki HORIr*, Yasuo Tovyosawa**,
Satoshi TAMATE** and Hideo HASHIZUME***

Abstract: Since Japan has a lot of steep terrain, local heavy rainfalls may sometimes produce
dangerous debris flows. In December 1996, a large debris flow occurred at Gamaharazawa located at
the border between Nagano and Niigata prefectures. The debris flow, which involved construction
workers working in the drainage basin, resulted in a serious disaster with 14 persons dead and 9
persons injured.

In general, as a method to reduce damage caused by a debris flow, sabo dams are often constructed.
But many factors regarding the traits of these flows remain to be examined and design methods of
sabo dams intended to fend off the impact of debris flows have not been studied yet.

The aim of this study is to obtain data that can help to develop some sort of temporary con-
struction capable of resisting debris flow. The present study investigated the influence of particle
size contained in the debris flow and the rigidity of structure which prevent debris low such as sabo
dams on the impact stress due to debris flow. Centrifuge model tests were conducted to determine
how particle size of debris low and structure rigidity affect impact stress.

From the centrifuge model tests, the main results were obtained as follows:

(1) The velocity of the debris flow becomes slower as the particle size of model debris flow
becomes larger.
(2) The impact stress of debris flow increases as the particle size of model debris flow becomes
larger.
(3) When gravel is included in the debris flow, impact stress intends to increase in proportion
to the intensification of structure rigidity.
Keywords; Debris flow, Impact stress, Particle size, Structure rigidity, Centrifuge model test,
Velocity, Gravel, Sand
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Table 1  Specifications of springs.
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Spring Diameter, Spring Stiffness
No. length Factor K E
(mm)  |(102kN/m?) | (10*kN/m?)
3 20, 30 1.81 2.30
5 25, 30 2.60 2.12
7 25, 30 4.27 3.48
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Table 2 Test cases.
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Test | Water | Sand | Gravel |Particle| Spring| G
cases | (kg) (kg) (kg) Size No. ()
(mm)

case 1 3 0 3 20-25 3 50
case 2 3 0 3 20-25 5 50
case 3 3 0 3 20-25 7 50
case 4 3 0 3 10-15 3 50
case 5 3 0 3 10-15 5 50
case 6 3 0 3 10-15 7 50
case 7 3 3 0 3 50
case 8 3 3 0 5 50
case 9 3 3 0 7 50
case 10 6 0 0 3 50
case 11 6 0 0 5 50
case 12 6 0 0 7 50
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Table 3 Height of free fall in each test case.
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case 1~ | case 4~ | case 7T~ |case 10~

case 3 case 6 case 9 | case 12

h(m) 0.581 0.582 0.584 0.624
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Fig. 3  Calculated and measured flow velocities.
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Fig. 4 Sequential changes of impact stresses.
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Fig.. 5  Schematic shape of model debris flow.
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Fig. 10 Maximum impact stresses and stiffness of spring.
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