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INFLUENCE OF SEDIMENT GRAIN SIZE ON DEBRIS FLOW
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Results obtained from both of flume data and theories suggest that equilibrium bed slope in flow over an erodible
bed are determined uniquely by sediment discharge rate when the movements of sediment particles are laminar and

thus no suspended transportation take place.

This means that the static friction force is dominant in debris flow and

that sediment concentration is determined by shear stress balance on the bed surface as seen in our previous studies.
On the other hand, if part of sediment particles in debris flow body is transported in suspension, sediment

concentration will be larger and the equilibrium bed slope will decrease.

al.’s flume data and others’ experimental data.

These facts are supported by Egashira et

The present study discusses experimentally an influence of flow scales on an equilibrium bed slope and flow
structure, based on experimental data and emphasizes that the equilibrium bed slope decreases with increasing of

flow scale if part of debris flow body is turbulent.

Key Words : equilibrium bed slope, flow scale, grain size, debris flow, two layer model
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2T Run 003 (2003-2004) ’f Run 113 (2003-2004) “r dlf“(')‘ 0020; (2002-2003)
z(cm)[ d-0.029 (cm) z(em)[ d=0.029 (cm) som) [ o —40g (sz)/
[ q,=9.71 (cm?fs) L 4, 29.8 (cm?s) [ I (:im 5)
1.5 F 8,=9.72 (deg.) L5 F 8,=9.75 (deg.) Ls L 92:- 5.1439( eg.)
¢=0117 L ¢,=0.176 L ;f= 0870 (em)
h,= 0336 (cm) 7= 0539 (em) 0310
h,=0.231-0.193 (cm) wy/u,=0.388 ;0:"2:4 od
b Wy, = 0.492 1k T'=17.20 degree L b - degree
T=11.0 degree g ;L
Interface [ o
o — 0.5 )
L ﬁ@; 3
i . f ——- = 0 i —
100 200 100 200 100 200
u(cm/s) u(cm/s) u (cm's)

(@) g,= 10 cm?/s

-— Run 017 (2003-2004)
z(cm)[ d=0.029 (cm) wy/u,=0.260
[ 4,=102 (cm?¥s) T=620 degree
1.5 b 6.=983(deg)
¢~ 0.257
b R=1.19 (cm) o g
1 o o 00 o -
w© o
° ﬁ 4.0 \
03a o°
&g © Exact solution
,::
t et }
100 200
u (cm/s)

(d) g,= 100 cm?/s
B—3 JESAMAO LR

DRA VN =V TEHEITHEEIZ, ETFHATTHR
EEN-HEBRET OB FTIZLoTRDHLNTVS, T
B AR, WA EEIRBIGELU AT, Kk L
ONATER BN AR S 3 A0 0 L K B RBE L0 o — VA BiEY,
FRIZESOTHAEIL TV,

EREFEBIOCERO—HER—1UIRT. ZIIZ,
d (TR ORIFE, 6,1 IFIROFHAR, q 1IRRTFL
KOBEHDOEAERE, h (TEMBR, c, T8k
BE(RDELERELOL), u (IEBEEET,
u, =,/ghsing, THH. r TSRS, w,i3TE
KIZIRT DR DR, R (TR FL A/ NVZXEKT,
R.=ud/v, FiX7V—F#, R {ZIVA/NVAHT,
R, =uh, /v Ths. ZZIZ, U (IWTE THFETHD.
TEHAKBRTHL. WTFHLOFr— 228V TH,
W, Ju, <IOBIZHY, BYRLT O ER BT D5

(b) q,~ 30 cm?/s -0.5 (¢} q,= 50 em?¥s
0.6
¢ d=0.029 (cm) (Authors)

05 ®-0 g,,= 10 cm?/s
o q,= 30cm¥s

0.4 a-2q,= 50 cm?/s
®  g,= 100 cm¥s

0.3

0.2

Exact solution
0.1
0 +— e
0 5 10 15 20
g, (deg.)
B —4 P aEn S ek O RBER
THD.

3. EERTRLETOMEN

(1) THORLGERESLURES T

Bl —3(a)~ ()i, ‘FEAENK10° 2B AHE S
HOERT —2ThD, MESAOT —FIL, TR
THEENAESHOREICEILINTHIEZIL WA,
RIENCIT, BB ERES T20b0LL THEPNIZIT
ELOMHERAN B2 AW TELN-HEM (LT, B
FERRLEES ) BNBEEN TVWA. 7238, Run 0031280V
Tix, BHKEEEICEKRFROBREREIN TR,
BEWNh O TFREBEEKKELOEER
% Interface’ L CRL TS, B—HTFHAEL G, Lia

ERE c, I ARRT —FThD. AR, BA

- 897 -



MOEALNG R g, AT, 10, 30, 50, 100 cm’/s
REOFERIE, 20NN, BEEMHEBINL TN,
BizLDE, g, 2310 cm’/sD 7 —AZRWTE, KB
TR BRI — B TR, R OEE AR
RELbDTHDHZEERL TS, ZHIZKILT, ¢, A

10 cm¥/sdkVbRESRBE, B—30B—4107R-T X5,
BT OB REBSAZBEL BRI ERT —F k&
RALVEELTEY, ALOREZIREDOEIMI LN
jté%tcoﬂ\é 5z, B—30FEN e HDE, Fi
BoBgimeit éﬂamﬁﬂ{% BIAHEOEEB B K
2> TEY, KIEAr— 1L OIS ETAHENREY
ETA1EEEDES. —F, MEAEEICRBVTL, #
WO EIZOO s HEE 2L TEY, KRB IE
a2 TABERBNONMELERAL THE. 2L, 1
IO ERERNICE T AR 651512, K
IR T, B RO IR E L, QEEWKELF[
BRI ELIRIS D O BT AN EIE T2 L0700 /81
BEOWNNEREN TNBILEERL TS, EBIZ, 7]
R EOR (FR) kW T, Bl mnN Lo Th
BIHRSTAH THAZENE, ILHEOO L AR
NIRRT IS, BRI SR TVBEE X
b,

B—423T, g, 7330, 50, 100 cm/sFEEDHNIZ
BWT, FEAEIHK LT OEBRICE b\ﬂ:,tT—
ARBHEIN TV, ZOAE LGNSV
antidune<°chutes and pools@iﬁfoﬁiﬂﬁﬁﬁﬁ%éb, %
BT — 2B bR TV, ﬁ7k%b:}5ﬁé%5ﬁ%1¢
I, BRSYOR KL RROERX 4 T, FHEHFAED
BB L, BSOSV OfEEK S iob\fliantldunea)ﬁﬁ
BB ab0LE 2005, LnLenis, kiFEEN
=R ERIRAIUCB T AR IEREEO R RIZ W TE, 4
BRETOULERDS.

(2) ZBETIEFHER

T AE B L OFES D0, g, 1310(cm’/s)FEE D
AL BWTE, S ACmXEEOT — 2% H
W, BRI EI T2 LRSS, MEOHM
[T, BRI OEER B IR OLDOEIT DM 25
ZEBRHOM LT, EHIZ, B—1ZRT LT, R
TR @%75@6’*@@%#6@(?@)&53&%@
TV A NVAIEFIDERT 288 (L) D2 DF
NAERINAZ LN mERINA LT, Zo2BHEED
TR, Bl—AEx A8 — 4;/T¢J:5f£$@%%§
@%ﬂﬂi’%t%‘ﬁ‘;kﬁ‘ﬁﬁméﬂf:.

TEELIE, B— 1R T2BET LEEELTNS',
RIRAZZEIIL TERREBICB T 2ESHERE AR

TERDISTHS.
r@(h <z<h)
7(z)= f P, sin Bdz (1)
= J.h' P8 cosfdz @

iz, p, HRAHMOEE (p,=(c-pk+p). O
IR F OB, p TIREOBE, clhFRE, gl
FNERE, 01K KT DRt fEE, p (2R T
DVFWEL, AT HL TV IRFOEKIETHS.

TRBOWNIZE T, FHELOBARA P48 A
ThHE, KRDOEHITHS.

TBO<z<h)
ps(z)tanqﬁs +7, (z)+ T, (z)

= j.ht P8 sin0dz 3)
ps(z)+pd(z)+pw(z)

= J'h' pmgcosﬁdz+pw(h,) O)
r.(2)=p, +J.hlpgcosﬁdz

)—5—7‘

A amwm(— p,tang, ), 4, kT DORE
P*%%ﬁ;, T ATRLF DR RIZIDIET, 7, 13H
B D®ABICLBIE T, p, (ST, p, kL
FOFEBUEFmEOFRZICB WV THREFSNDTRLF—,
P, ZHBKETHS.

BEROERIKEIIIT D EFERY R —ar
ISTEDIEADENE, Thbb, XB)EX@DITEBWN
Tz=0, du/0z=0L72&, FEREG LBEEE
teh, [h, OBRBRADISITROLNS.
tanf = (O'/p—l)EEangbs ﬁ

* (o/p-1)c+1 h,
ZIIZ, KX TRORESTHE.
— 7, KL BERRE T 555, Flak g, TR
DIHFIND.
(O'/p 1)ctang,

(c/p-1)c+1
C IR OWE EHRE THD. (G
6)F VDL, [Fl— DR FREIZRIT DM AL
BEIBIE LA, [h, OBMRIRRO L2,

®)

tand,,

©)

yv-cv
— e (e

tang, A o
tand,, A,
KNIZB T HBEBEILE—HRRITRDONDIEN

HENDN, ZI T, ERT— 2RV THRNLOBE
B AER D BBRIZ DV THR A,

Q) BEDOFRIOERT/INSA—45
RDEAEIZBNTC, PEARLL, HDEVITBERE
JEII RIS TN BBEO B IOV TRBT —
&RV T 5.
Y, MhOBERTATA—FEFERLELD. ZITHE,
ITEELO LA HOMAAIT O% BV BhorhL, ¥
AWIEINTIRRDES THD.

- 898 -



T=p, tang, +p(jd +ff)d2

£, = kd(a/p)(l—ez)cl/g’, fr=k(1-c)’c?
ZZIS, d VIRVRL TR, w X RATEYIE, e IR
8, k, =016, k; =00828TH5"7. REBITBNT,
BT B A — A RS AN 72 B8 TR 127R
BThs. Zhix, IRRDINKRLF R~ DL A /v
RISt EEFETHILRTED.

Tp :p(,fd+ff)d2‘g‘;l‘6u

— Q)
oz

=0, KR — N DA JVRE S 1, 0%, BAHERE]

FRWAERAD I IZEEIND.

ou| ou

. =p I*'F——, I~h 10
T pm (32 aZ t ( )

KA XD ELDE, KADEIRIT /T A—FH
EFEIND.

®

@l%
oz| 0z

p,,h7|ou)0z|(ou/éz)

Pl + f, ) ou)ozl(Buoz)
RANTEWT, ¢~C, Ou/dz ~u/h, DIDITHER
L P B Wi SEBEE VD E, RO ERITTNT
A—% Ry BRDHNDHD.
= Pulp (BY
Ko ff(6)+fd(6)(dj “2’
iz, p, =(o—pk +p Ths.
RADBEIORA)D ISR F OFZ LD
WO, 5B OBROKRIBEINTNED, XADB
FORAD)IE, KIFEAT— DL A NG ERLF A
=D A JNVRIE IO RERLTHA, RADIZE
WT R, MKELARBL, KIFEAT—LOENBEML,
Ry B/NSNEEITHE, R F AT — L OENR TS
TEHTRTINTA—FTH 5.
—7, TrAR tan 6, /tan 6, 1%, BI-4l238W\ T,

R

an

Al — BRI E OO g, 2310(em’/s) R B2 351 5 KMy
L) fd tanb,, (2% 5 g, B3 10(cm?/s) BASS O -4l ) i
tanf, DHAGHETHILICL o TROONE.

B-5/%, SERIT/ITA—H R, & AR O BIRT
H5. BN, AR THONZT — XD BITIEH
— R (c, =0.257, 0.280)IZBITHLERELEHE T
%. LB DI, AR TR ¢, =0.257, 0.284
PUHNDOF—%, KFPBHRESH 2T 5HKF
(d =0.218 cm) DERT —F?2 | JTEELOMHTZLES
BNOERF —#19 3 LT OSEHIKIZ I 1T BGilbert
52 Guyb B LU B LD DR R DT — 2 b
BHTWD. ZNEDOT —2055, ki RERRENT5
BRSNS PR AR 6, 127t 57 — 203 Ebn T
WRWEDIZDWTE, 8 ot CRiE & 5t
B, ARG A MEL TN, £/, BRTAT
A—HE R OFEICB T, BRCRTRERK
BHHI TR, Wik EEEORDYIZ, Bk
EERWALDOLT A,

R-5ick5k, T —2En720iEb o0 T05a, R,
HUTIE4000~5000% #k % 5 & el A E T 180 /ha<
729, R, ORI o TP AR S BRI LT
WAZENS DB, ZIT, Ry MMIEIF4000~5000D 150
HERAE Ry, EFR R LITT 5L, YAk, T/
bbb, BEIBELIT, BRTTA—FB R, FOHRE
IpBE1X0/EARY, ERAKEEFEIZVA VN
DTS EBRBEN, 2Bl Er 2 d228L%
FLTWA, EBIT, LAV OB RITAE- T, HiR
ICBEBRE I/ NEL s TN,

T+ HRBEOWIUC RIS TR F RO EEA RT3
DIZ, BEROKBERBILOT —HINEEITW, £
NoDT —HZESWO TR EITo 2. A RIZE-T

@ d=0.029 (cm) (Authors) @) Ashida et al (1970)

A 2ot S (c,=0.257 ®d= 0017 (cm)
------ o | Mg, = 10cnd/s (wy/u,<1.0)
N | ®g,=30cms @ Gilbert et al. (1914)
e Ag,= S0cm?s v d= 0.0305,
tan 6, _@gq,= 100 cr?/s 0.0375 (cm)
(c,~0284 (wy/u,<L0)
Og,= 10cm?/s ® Guy et al. (1966)
10" ©q,5 30cm?ls v d=0.019, 0.027,
Ag, = 50cm¥s 0.028 (cm)
r 1T _0g,= 100 cnP/s (wp/u <1.0)
r T (e, #0.257, 0.284 (® Egashira et al. (1994)
------- P Teg, = 10 el +d=0.017,
,,,,,,,,,, U % g, = 30, 50 cnd/s 0.030 (cm)
- @ d=0.218(cm) (Authors)
; (®c=0257
10° L1 | Ac=0284
2 3 4
10 10 10

0 5 L x ¢,#0.257, 0.284

B —5 ERIL/TA—S LA AEL IO REGR

- 899 -



BHNEMRIIRDISTHS.

() FEARIIX T ERE, T70bb, MR8
DOEBIIREL, A—OFHAROLETIE, MERE
MREIRDE, BRBENRKELILD. —F, q, B
10(cm¥/s) B2 EE T BRI SN LI, IR F 0
EENIRBRMN THAI LN MERENT. T2, MENK
TWVERIZIL, AR BEIVL/SWVWRIICE
WTHTIR R R L, EHEHRFEOT — 23 1%5 7%
Dot EEERIUCBITAREBEEOFEIZHOWT
L, SHBRETTALERD .

Q) FESAMAICETHT —Fhn, (D)IIZRITAHEA N
WEREN Tz, 51T, RO ERIRT IO, 2BEE
DOWMNDBTERIN THAZEWREANE. LBORHhD
BEIZOWTUTIRETT2A2LERDDN, TBIZEWT
X, BER COMEKRFO T BRICAHALNDINNT, FIFE
B THESH D RIZNOS ALY, R FEED
BT AMNAERENTWHIEERT. T, (DI
T AR FENO BB AN L BB E ORI, 2
BEEOERICEY FROmNICLA TR EEIC LY
EUTWA.

(3) ITEELO AT OMBALRIZ VT, ERITT/ AT A—
¥R & EHEL, PHEARLLL R, EOBBRIZONWTE
BT —2 AT L. ZOERTAATA—Z1T,
RIF AT — DU A ) VRGN T BIKEAR T —IL D
VAINVAE DR T. AR, 2BET NLVERNWSE,
A BRI, RKIBIZRTT A TR OEEOM, +72
bh, BENGE AR, BIRT/STA—F R, D3RR
fIiE Ry, (= 4000~5000F2H) L0t K &</ BLBENBIE

PIE1E0/NEL 720, R, OEIMIHES THFTRA T
AHI5ThHA.

S, BIZERT —Z2NETHLKLI, LE-TE
OBESFEZREL, BEZOERELGLILZLST
VF v —RI R E DT —F R INEL, HERTDZER
MICRITDEG LT IE LN, N ONE#EEIC
B4R EIT-o TV FETHS. $2, BE/KET
BRI ND LB OBRBEBIZONTH, 5%, B
T ALENRDD.

B AIFERHET BTN T, ERBIOTF—
HAEEHTIZEBWT, B RFERER BLigEe
NYEBERE (Bl STy rastagv8k)), BEM
EEEH B EREBRaLYLEN), HEGETER
JUOFHEHBICRHEW., 8L THELZRLZV.
7o, AMERO—EITEI R RS B FE®B)
(R (FRER ) OB AT THEEL TV 2.
ZZIZREL TR L £,

B3E 30

1) Rouse, H.:Modemn conceptions of the mechanics of fluid
turbulence, Trans. ASCE, No. 1965, 463-543, 1936.

2) Lane, E. W. and A. A. Kalinske: Engineering calculation of
suspended sediment, Trans., A. G. U., Reports and papers,
Hydrology, 603-607, 1939.

3) Vanoni, V. A.:Transportation of suspended sediment by

water, Trans., ASCE, 2267, 67-133, 1944,

4) FEinstein, H. A.:Soil Conservation Service, Tech. Bull.
1025, 1-71, 1950.

5) Chen, Cheng-Lung:Generalized viscoplastic modeling of
debris flow, Jour. Hydr. Eng., 114, No. 3, 237-258, 1988.

6) O’Bren, J. S. and P. Y. Julien:Laboratory analysis of
mudflow properties, Jour. Hydr. Eng., ASCE, Vol. 114, No.
8, 877-887, 1988.

7) Arai, M. and T. Takahashi : The karman constant of the flow
laden with high sediment, Third Int. Sym. on River
Sedimentation, The University of Mississippi, 824-833,
1986.

8) ¥iAmZ -BRE FRRE I AROmBEE, TA¥
SELE, 375, 69-77, 1986.

9) Winterwerp, J. C., M. B. de Groot, D. R. Mastbergen and H.
Verwoert : Hyperconcentrated sand-water mixture flows
over flat bed, Jour. Hydr. Eng., ASCE, Vol. 116, No. 1, 36-
54, 1990.

10) B. M. Sumer, A. Kozakiewicz, J. Fredsee and R. Deigaard:
Velocity and concentration profiles in sheet-flow layer of
movable bed, Jour. Hydr. Eng. 122, No. 10, 549-558, 1996.

11) FHER-BABT HE BE-HEE - L—=bn
R=tL— BKERICRIT A EBE RO EIR T/ \FA—F,
R TR, 36,221-226, 1992.

12) BARRE(T - FEER RROENBNCETOH5E, KT
FamICEE, 39, 495-500, 1995.

13) B & TAaWR-BRORE#EE, tHBEHEICH
THVLRUT LGRIE (KR L EIRERS), 39-55,
1992.

14) BfF (f- BIEA 0 AR R CELIRE L amo—iE
ML OEREET N, WIHFEEFE, Vol. 55, No. 3, 33-
42, 2002.

15) JLHEAETS - 7 AAn 5 - MR - (e  JeiicBE
BHFFE— I R E—, FORPS KTaEH, 35B-2, 79-88,
1992.

16) JLEAE TR - e 2 TR = R F A SR E L& T
RACRIETRFEORE, KB KFFER, 37B-2,
359-369, 1994.

17) {LERTETS - S AR - FEERE 30 R RICB T2 0%
HIRRIR, 7K L3R, 4138, 789-794, 1997.

18) Egashira, S., K. Miyamoto and T. Itoh : Constitutive
equations of debris flow and their applicability, 1st Int.
Conf. on Debris-Flow Hazards Mitigation, ASCE, 340-349,
1997.

19) fElmHE — - BmE—R B3R E R : SARBHIRRNIZR
TBFEE DO, SR, EARESRIIREE,
323, 77-89, 1982.

20) 1 -BARRE BEKRNRTARERREREE
LD, ALvEE R T AR, 67, 1-23, 1973.

21) BEAREE PR LA HOBMMEI o —a biE
fELEI, BOBHEE4REE, Vol. 55, No. 6, 40-51, 2003.

22) GHERMESE . TR RO B L OO A BT 205,
NLATEE RS FR L, 2000.

23) Gilbert, G. K.:The transportation of debris by running
water, USGS Prof. Paper, 86, 1914.

24) Guy, H. P., D. B. Simons and E. V. Richardson: Summary
of Alluvial channel data from flume expeniments, 1956-61,
Professional Paper 462-1, U. S. G. S., 1966.

25) FHFIE B L IES: BER I B 5 ISR AR
DBE—, TR RAFER, 13B-2, 233-242, 1970,

(2004. 9. 30 3=f1)

- 900 -



