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STUDY ON THE RESISTANCE LAW AND THE
INITIATION OF MOTION OF BED PARTICLES
IN A STEEP SLOPE CHANNEL

By Kazuo Asuipa, Atsuyuki Daipo, Tamotsu TAKAHASHI
and Takahisa Mizuyama

Synopsis

We have discussed in this paper that Darcy-Weisbach’s resistance coefficient f should be a func-
tion of dfh, v,?/¢ed and Nd? and have made clear by some experiments the functional relationships
between these parameters.

Theoretical discussion for the initiation of motion of bed particles comes to the conclusion that
the critical shear stress parameter S, which is known as Shields’ parameter, must be modified for the
effects of steep slope. Some experimental results show that the modified Shields’ parameter S, is
a function of relative roughness d/h. And if dfk increases, §,. will remarkably increase.

An experimental formula of §,, is proposed and the relationship is proved to be valid by the
theoretical discussion using the experimental results for the resistance law.
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Fig. 1 Arrangement of bed surface grains.
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Fig. 2 Relation between Darcy-Weisbach’s resistance coefficient fand dfh. Bed grain arrange-
ment is (a). (Exp. A-(a), Exp. B—(a))
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Fig. 3 Relation between Darcy-Weisbach’s resistance coefficient f and dfh. (Exp. A-(b))
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Fig. 4 Relation between Darcy-Weisbach’s resistance coefficient f and dfk. (Exp. A—(c))
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Fig. 6 Relation between fand dfk. Rearrangement of Fig. 4, shifting the theoretical bed
height to the channel bottom.
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3 5.66~ 4.76 5.21 6.4 — 2.507 1.3 0.5
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Fig. 10 Examples of velocity distribution.
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Ehbe 1, BETOWHRE w. &, ADRXDY,
u, _u 0. 15d
u_i_u_i+¢ln_a_ .............................................................................. 21
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TH5, Fig. 10 oER L v, £=0.4, =084, =087 L L, X LIT u/us=y8/f K& L T, Fig. 2
OHEBEFAVRE, (19 R~@D) RLY, d/h LU ul/gd OBEETITHTD u/us THETL L
BT& 3, Fig. 11 GEFKACETIERESTLCIE L BFHAREF T2 HELE, LROFHEER
Lo THE LA ELERELLIOTH S, EREHVWO I ERIBETCIHAIIA TR EI HENI T
LIABVEMNDY, Fi, w/ux OEREOELOENKEL, BEMEZ LRI LAY, PLER
L D HEERNS CEANS Y, fOEMBRPHEEATHITONTE, SLITHELRILETLZE
ERBEL TS, L L, w/ux @ d/h L BEROBAR—EHILTNEDLELLNS,

BT, B0 L) L TR IBEFORBLH A TRARKNLHET L L HTE S,

Y:(s—’i{) a L (22)
& tan ¢ cos 0—silsin¢9
4 1 1 1 1
X= o e tiiiiiibitasenaiaeiaeaieateaaraannanateaariaianns 23
3 Cp (1+ gL tan¢) ¢ (uefuy) &)
D

DLIRBLZERTNE, Y Ol us/gd & d/h D525 L, 0 OMEA»LREINIDLHEA
T&2, %7z, w/ux O Fig. 11 0L 51T, ®1Y us'/gd & d/h RIELTHAZ NS L, Co, Co
LU e 2BYERTE22L XDEBHEI NS, LIchoT, XPLUY REDIR /AITHL T usl/gd

ma‘z—'\gﬂ

2 ] | ] | ®
(0] . .0
1.0 2 d/h

Fig. 11 Relation between u,[uy and dfh.

%052 —p—b LT, A—FELIZ2EROMBRBTRINGZ LAY, BRRESHD ERTU6)RA,
A—0 ust/gd CHT2 X 3 LU Y 2R+ HBOLEEHARERERT T E4bd 5o

DOER, 0L RLTROLNIBARKN L ERER L T B LTH L), ERERTE LD THRT
L, Table-2 X5 ThHs, 727L, Bl KBOEN 20cm RO T, BEEHEOKEY Einstein
DFERLL->TEVRATHS, RHFO Ry RFKICHT 2BETD 5o

Fig. 12 [t S.c & d/h OBBYFLEAOTH Y, HHOKERIBEOHEICL - THELL S
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HAMKREFERS 658 (15.48. 4)
Table 2 Experimental results.
No. ‘ d,(mm) i * he(cm) QUjs) | Ry(cm) Sye
1.1 22.5 0.02 9.15 22.3 7.00 0.0431
1.2 ” 0.05 3.55 7.4 3.25 0.0527
1.3 ” 0.075 2.50 4.9 2.37 0.0607
1.4 ” 0.10 2.15 — 2.06 0.0743
1.5 ” 0.15 1.53 3.05 1.48 0.0894
1.6 ” 0.20 1.30 1.7 1.29 0.1178
2.1 12.0 0.01 9.75 13.5 8.20 0.0402
2.2 ” 0.025 3.65 5.0 3.40 0.0427
2.3 P 0.05 2.05 — 1.95 0.0535
2.4 ” 0.075 1.45 — 1.42 0.0608
2.5 ” 0.10 1.20 0.85 1.19 0.0691
2.6 ” 0.125 1.15 0.7 1.14 0.0846
3.1 6.4 0.01 5.45 6.5 4.76 0.0386
3.2 ” 0.025 2.40 2.4 2.30 0.0461
3.3 ” 0.05 1.30 0.85 1.28 0.0546
O d=225mm 2
XYH Uygd =0.15
: ®d=12.0mm Y (Vrgd=0.15)
o '52°L_ ®d=6.4mm

1.0 d/h

15

Fig. 12 Variation of critical shear stress parameter §,,.
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THbo, L, Co, CL LU e TOWTR, (DL 2T L0 - L ABYTH 50, BEFRY
THHDT, FELE,
1 1 1
o (1+g_§tan¢). et T (24)
ERELTCHBEL TS, HEMELERBELAREN LIS A->TEY, T TR LBERNBEUTHEL
LERLTVS, ThbbL, ARKEOERWHENTH, BREREAY d/h OFME LI RARITKELL E
b, KEORENFENTEDN TV EHOBBZIZIRBOBELWREETH LM, ThidFEelT, drD
BWRITEI T, BERPELLBRTAZELEREBRALTWAZ Ldthh b,
%d, Fig. 12 T T, KOBBAERERTRII(RELTNE30L A2 AINIBBRTEH- T,
EREIT, :
Spe=0.0343 10032 8) .. (25)
DEITHEREING, 2L, EREBHEL d/h $0.1~1.7Th 5,

4. & [

ULk, RAREO—BREBEANEOBRVWHEN ST 2B LBRABBENIIET IERITR LT 2 -7, B
ORI REREBTLLEUTOLI TH 5,

1) RAHBEEKRRBICHT 2 ERBER, usl/gd, d/h L Nd® OB TH Y, KEWHEBREOS
WEBAIOG L TR, —FD Nd&® L XU—ED us’/gd T, fOMEd d/h O¥MICE > TRBUCHEML, —
FED dIh TR LTS, usllgd DREVIEE f OERKEL kD, ZhbH0BBRIF Figs. 21X U3 0k
FICRENS,

2) HEFEORVWBAHL TR, BREAKETBHIIIHNO0.154d FT-oHEIRLIOBHLTH S
2, HEBRENNI 22 E, MEEEMEANIHBAEELERY - TL 50T, BRAKER S -
ETHREDDEND .

3) BARBREAIHTIANETH S LOBER, BAWITHT 2 Shields 05 2 — 2 — [TEEH
1/{tand cos @ —s/(s—1D)sin b} #FL ¥ S;c ITL-»THREINS,

4) Rex P10 LU ETRAHEEK TH L EALEINBLS EBETI, BERBHEIOERLEES S ©
BR—ETEEL, d/h OENEMT 2 LABUITHNT2EmED D, EPBITE5) RO &L 5 ABERIRL
T5h, #LT, 20LS REBR, usl/gd O—BEIK LT, d/h M35 LEABABICHEKRL, A
BAEOREBBRITEI L ERIEL TR B,

AREICL T, —BEBAEOBVHN IS 2BRLBABEI D 2BEHLNITT A EHNTE
Jods, 5 LTEABREEI L AKRELSEAT IO, 3, £ LTRARRBEAB@) RO L) 2B/KT
BREINIONE VS BERETEROICHEMICRAT L0, 0 IHENKEOEL, HEEEOEL,
ust/gd DEALL N OEFBUOEARL ZRAHOHMRIIOVTORRESELL, T/, ThHORHE
LEEAELCENTIIOLEELON RN L UBNRES O ITRERBIRITHET IHENLETDH 5,
A%IEPED XS A EBHEOMIZ, BARBOBAOWRLTEDATINEALEVWEEL TS,

BB, ANEOHEIID->C, BFERWRARLGOBYITL > TERBEI N, braBEIRE VT -0
k¥ 0 M. Bayazit @+ OB H DB - L2 LB L CERBOBLEERT 23D TH 5,
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