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SIZE SEGREGATION OF SOLID PARTICLES IN
DEBRIS FLOWS, PART 1

—ACCUMULATION OF LARGE BOULDERS AT THE
FLOW FRONT AND INVERSE GRADING BY
KINETIC SIEVING EFFECT—

By Hiroshi SUWA, Setsuo OKUDA and Kouichi OGAWA

Synopsis

Debris flow has the larger destructive force and brings about the more catastrophic disaster due
to its distinctive accumulation of large boulders to the flow front. The observed facts about size
segregation were explained with the data on debris flows at Mt. Yakedake, Japan. Then the
mechanism and basic properties of such segregation were discussed with the aid of laboratory
experiments. This accumulation was ascribed to the size segregation in the flow and to the un-
mixing process of newly entrained large boulders with the main flow.  The former process is
known to occur with both the inverse grading and the condition of higher flow velocity at the
upper layer in the flow.

The mechanism of inverse grading was already evaluated with the dispersive pressure effect,
but other effects by kinetic sieving and collision of large boulders to the valley bottom are regarded
also effective.  So the experiments on size segregation were carried out by vibrating the particle
mixture of different sizes in order to study the elemental properties of kinetic sieving, and the
following results were brought about: the occurrence condition of size segregation, the relationships
between segregation rate or segregation velocity and acceleration of vibration or size composition
of particles.
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FREQUENCY

Fig. 1 Size segregation of gravels in a debris flow. Times indicated with the seconds correspond
Percentage of C. G. means the gravel contents in
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to the times in the captions of Photo 1.
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Fig. 2 Time changes in the size factors of gravel and the content of gravel larger than 2cm
size, accompanied with discharge, surface velocity and flow depth of the debris flow
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Fig. 3 Spatial distributions of gravel content, boulder content and size indexes of gravel in the
samples of debris-flow lobes, arranged in the horizontal position corresponding to the loca-
tion of the survey pits in the bottom diagram. Mj,: ¢ mean diameter, o,: ¢ deviation,
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Specially devised vibrator for size
segregation test, produced by Sanwa-
Seiki Co.
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large particle to small particle.
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Fig. 7 Changes in the coefficients of segregation versus the size ratio of the particles
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1600 size ratio: 5.47

large particile 7.3 mmo 12.3 mmd
medium particle 3.8 mmé 3.8 mm¢
small particie 2.3 mm@ 0.93mm¢

acceleration 2.0 6 2.0 6
time 5 min

5 min
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-1
g
(%10 2cm/sec )

VELOCITY
S

&4
27.3 -32.%
Coiose 2144 -22.7 46.3 -47.0

516 35.4 -45.3 69.8 -59.4

Fig. 8 Size segregation in the samples of
particle mixture with three different sizes "

ACéELERATlON 3( 6 )

Fig. 9 Velocity of upward motion of a large
particle among the small particle layer
versus the acceleration of vibration
delivered to the layer
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large particle 12.3 mmé

small particle 2.3 mm¢

acceleration 3 G

time 2 min 5 min
dry in water

C, 0
C51256 0
Cpg O 66.4 24.1 0

Fig. 10 Comparison of two conditions of size segregation either with or without water
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