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FOCUSING MECHANISM OF LARGE BOULDERS TO
A DEBRIS—FLOW FRONT

By Hiroshi Suwa

Synopsis

Observations of debris flows at the Kamikamihori valley on the eastern slope of Mt. Yake-
dake in the Japan Alps show quantitatively that many large boulders would concentrate at the
frontal part of debris flows, and that the size of the largest boulder is nearly equal to the max-
imum flow depth.

According to a well-circulated hypothesis, this focusing phenomena is due to a combination
of an inverse grading process and higher velocity at the upper layers of a flow. Two types of ex-
periments showed that the inverse grading process may occur due to the effects of kinetic sieving
and dispersive pressure depending on experimental conditions. However these effects were unex-
pectedly small. Furthermore, the effect of upward motion of the largest boulder whose diameter
is nearly equal to the flow depth is rather minor.

Results of model experiments of debris flow using particle mixtures of three sizes with water
on a sloping channel showed not only a clear focusing of larger particles to a flow front, but also
a lack of incorporation of large particles into the rear part of the flow. A test comparing the
velocity of particles of three different sizes in a bore water flow showed that larger particles
would soon attain a higher velocity and approached the bore front faster than did smaller parti-
cles.

A theoretical motion analysis of a boulder in a bore flow on a steep valley slope of upper
reach showed that the larger a boulder is, the higher velocity exceeding the bore-front velocity
the boulder attains, so that a larger boulder can catch up with the bore front faster.
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— Debris flows on July 21, 1985 at the Kamikamihori valley
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Fig.1. Change in the composition and in hydraulic factors of debris flow extracted from a 35

mm-film photo series, a video tape record, and radar speedometer data. Flow depth
means the maximum flow depth at one side of a channel, which is nearly twice as
mean flow depth. After Suwa et al.,, 1986.
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Fig. 2. An illustration of the longitudinal cross section of the 1 st surge of debris flows shown
in Fig. 1, visualized from the actual observation data. Maximal depth of the flow and
maximum size of boulder at each locality are described depending on the observed
data.
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Fig. 3. Sloping flume for test of focusing of large particles to a bore-flow front.
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Fig. 4. Frontal focusing of large particles in a bore flow of a glass-particle mixture and veloc-

ity distribution observed at =490 cm point. Time=0 indicates when a bore front
crossed the center of the view field. 24 mm ¢ particle: 2.2 kg, 12 mm ¢:4 kg, 4 mm ¢
: 9.2 kg, water : 20 lit,, slope angle 8=9°
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Fig.5. Distribution of four groups of large particles observed at z=490 cm

point, which came from four different sections of the upper depositing
reach of particle mixture. Composition of particles and water is same
as in Fig. 4. Slope angle §=6.2°,
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Fig.7. Changes in differential position and velocity of each particle in a bore
water flow at three localities at distances 10, 210, 410 cm from the ini-
tial position of the particles. Only four particles were set in the flow.
L, M, S indicate one 25 mm ¢ particle, one 12 mm ¢ particle and two 4
mm ¢ particles respectively. =9
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Fig.8. Flow chart connecting the five stages of the motions of a spherical boulder in a steadi-

ly advancing and uniform bore flow on a slope.

Hlustrations show the situations of

motion and solutions of their equations of motion.
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Table 2. Examples for the physical constants and variables for the
calculation of velocity and attaining time of a boulder

o=24g/cm’ ,  p=18g/cm’

=06 (for large value) ., #s=03 (for small value)
6,=20° (for an upper reach) ,  6=5 (for a lower reach)
R,=1m (for a large boulder) , R=0.1m (for a small boulder)
(

C»=04 (for a range of Reynold’s number 10°—10°)

then
Gume= 193 m/sec?

Gumm= 143 m/sec’

G 1max= —0.087 m/sec’
Gymin=—0.44 m/sec’

G, {for an upper reach) {

G, (for a lower reach) {

and
Cnin=0.081 m™! for a large boulder (R,=1 m)
Cnar=0.81 m™* for a small boulder {Rs=0.1m)

Tayy— _‘“16—-1[(7 tanh™'0.95

BKE Do ZOD 1 ERERIE u HTHEEE VG/C DBU%IEIET 20O ERBTH %, RIS
Table 2 D/$5 A % — % VS &, Bl 2T 20 cm OBEOEEE X 3HHIC Vi £ D 0.3m/sec CPHEEZE
DIS%IE) AR Y, HE2m OEROBEIIEEOEEARL THRIC V, &) 2.3m/sec (FHH
BENDS%E) 7S b, Thbb, TARNSERBOL ) & ZANET LTE TEREDTAEDT
ABARBL LTV BELEETLE, BE, BEOHE Vi 272.3m/sec MTIZR2E, BEREZm DS
W21 TR EIE T B L R BRT B, SOICEERELT, Vid0.3m/sec MTIKZB L, HEE
20 cm OB IWLINIZELT A LIl b,

R OB I — R A AR L £ OHEAEIROONE, 0L, BEMEERIZEY
fu,E&uﬁémgwwemntb%én1w<&wi%ﬁ%&ﬁmﬁ%benéﬁ,:@7—11@%
R 0L S LEROME (sorting) D7 UL 2WEMIZHHATELDTH b,

2) FA—RA2
JC7C >V, DI412 1, it Fig. 8 107 T & 9 ICRE LT &, Table 1 IR TR o 7217 HEB DR
BT 5,

5y AF—U5

25— 1 02MFEIIBVT, FROEE v ATHOBMEIIBITIRENHE VI ISETHE RIS
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