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SIZE SEGREGATION OF SOLID PARTICLES IN DEBRIS FLOWS (PART 2)
—SIZE SEGREGATION IN THE DEBRIS FLOW ON JULY, 1985 AND
EXPERIMENT OF SIZE SEGREGATION BY SHEARING
A PARTICLE MIXTURE—

By Hiroshi SUWA and Setsuo OKUDA

Synopsis

Debris flow brings about a larger damage due to its distinctive accumulation of large
boulders in the flow front rather than a muddy debris-flow motion without such an accumu-
lation. In 1985, we got a set of data of a typical stony debris flow at our observation site
on Mt. Yakedake, Japan. The examination of the relationship between the segregation of
debris in that flow and the hydraulic factors of the flow showed us the following facts. The
frontal part of the main flow, with a swollen bore shape owing to the remarkable accumula-
tion of large boulders, took rather low surface velocity in comparison with the rear part.
After the rear part of the main flow with lower concentration of boulders and with a little
smaller flow depth took a maximum value of surface velocity, the hydraulic values in the rear
part of the flow decreased gradually. The evaluation of the change in size segregation of
debris in the flow clarified that the falling down of a flow from a high dam did not destroy
the accumulation structure in the frontal part, and after that the degree of the accumulation
state decreased slightly in the lower gentle channel.

Accumulation of large boulders in the flow front can be ascribed to the size segregation
within the flow plus the addition of large boulders immiscible with the main flow. The former
is known to occur with inverse grading and higher flow velocity at the upper layers. The
effect of dispersive pressure, kinetic sieving and collisions of large boulders with the bottom
surface are considered to promote an inverse grading process. The second effect, the kinetic
sieving was studied experimentally by shearing a particle mixture. This test showed us that
high concentration of large particle produced inverse grading, and low concentration of that
did normal grading as a result of the active valance between the density segregation effect
and the kinetic sieving effect.
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Fig. 1 Eastern slope of Mt. Yakedake.
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Location of observation system in 1985

KAMIKAMIHORI VALLEY
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Fig. 2 Location of the observation system on the study area of lower reach corresponding
to the zone B in Fig. 1.
R: rain gauge, SS: spatial filter speedometer, RS: electromagnetic Doppler speedo-
meter, 35: 35 mm interval shot camera, 8i: 8 mm interval shot camera, V: Video
camera, S: seismometer.
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Fig. 3 Frontal velocity of debris flow along Kamikamihori valley.
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RO ERRERIE CHRTF L. 815t ERI2, 65 kKR (Fig. 2 {CB4>T No. 6 upper £iE
) OFHREICHTINTOREEKKE 22 ) -2 T90 FICK 220 m® O+F (B 1 ROLAEL2EDK 6
%, 1212 U1+ EHROBSHOFER)) FHEI N, RPHIZSICTRAFEL, BRIBR
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(FHEERS) KB LI 7&, ChED 250m L (LTERAE) KHELIbI>—BDr X7
Ck->TRELLDDTH B, 2, BHCECEAROREIHHEL T IABONEEHRS LD, Rt
50 o MICEROEREHNT 5L &6 CERO LD EHERD 2. COHTHERED LIC, NENET
T 10cm P EDTROHEREBEIC S SEHR (UTFCNELHO BELHT) &, K 0em 2L
DRBICDVOT ORE A & &R T, Fig 5 ICRT . FTRABHMICES 57 ~5 3, Fig. 4DN1F
055 7 ORO EHICH HERFOBICALT 5, ¢ CICRRONER, Hx OADEIEETREL,
ZNFNOFEROBRIUBRZANTRERE LTV, 510, COREREFERLT 2MOERERE

at the dam No.6 upper, Kamikamihori Valley Debris flows on July 21, 1985
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Fig. 4 Temporal change in the size factors and in the hydraulic factors, shown in the
curves of characteristic sizes of particle size distribution, content of gravel, flow
rate, surface velocity and flow depth.
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Upper point { at the dam No.1l, 250 m away from the dam No.6 upper ) July 21, 1985
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Fig. 5-1 Temporal change in the size factors and in the content of gravel larger than
10 cm, obtained from a series of pictures shown in Photo. 3.
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Lower point ( at the dam No.6 upper, 250 m away from the dam No.1 } July 21, 1985
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Fig. 5-2 Temporal change in the size factors and in the content of grave!, obtained
from a series of pictures shown in Photo. 4.
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L i WK BEODRITE (coefficient of segregation)®®’ (3,
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at the dam No.6 upper, Kamikamihori Valley
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o i [——segregation | Copyase | 512,56 1,6
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Fig. 6 Division of the frontal part of the 1st
L T T surge into 6 parts of equal volume.
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test, produced by Sanwa-Seiki Co., and video cameras.
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Table 1ICkB L, RTHRVTNG ERADIZD THOLED, Chid, BEEIEOBELICE-T
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EE I CF AR OHFT A LI LT, CD, EFFH 2 5% 2 BFHOTHREBAS S BIRHKAER
#Lie CDO>HD1 AL Photo. 5 IURTKIICTME—THET AL ICREL, E&LTHHKD
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EERAEROCELUDBENTESL LI LT
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7. RBRRLER

FEEOHE F, EET 5OREESD TS50, HRNOEEAERE LY 5 TE TIRIZ—EORILNHE
LTWBC ERbhot, -7, KEMEOERIC NS TERTEIEE TH D, 110, wEED
I EREE TR CREINTVADT, BE 7.5cm ORBEREREOLAHHOLE I g 5D

i3, TERORROSD 3 FIIIEICHET 3bDERBTCENTES. &T, KT DK}
ORFFRIER, ABRE PNROBALOBIDICL T Fig. 7 P8ITRT LHICKE {EIT B L
Htre THD L, KEROBEHENK SO EBRILERE (Inverse grading) M B L, KEROES

Weight mixing ratio (larg/small) 0.105 0.36 0.98 1.47
Water condition dry dry
Ist layer ///////// I
2nd layer ///// l
3rd layer //////-
4th layer
- 21.7
Ez:2;34 -:gg 32.0
Gradir’;g normal normal inverse inverse

Fig. 7-1 Size segregation of glass partic'es in the ring flume, induced by
shear motion under the condition without water (velocity gradi-
ent: 1.5/sec).

Weight mixing ratio (larg/small) 0.100
Volumetric concentration ( %) 61.1

Ist layer

2nd layer

3rd layer

4th layer

Cs12,34 -100

G 4 -100

Grading

19.4 1.2

- 1.6 32.6 27.4

normal neutral inverse inverse

Fig. 7-2 Size segregation of glass particles in the ring flume, induced by
shear motion under the condition with water (velocity gradient:

3.0/sec).

100

COEFFICIENT OF SEGREGATION ( %)

T

WEIGHT MIXING RATIO ( large/small )

Fig. 8 Changes in the coefficient of segregation versus the weight mixing
ratio of the particles. Solid circles show the wet condition and
open circles the dry condition.
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