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STUDY ON THE CRITICAL TRACTIVE FORCE -
OF GRADED SAND GRAVELS

-by Yoshito TSUCHIY A

Synopsis

In studying the problems on sediment transport in a stream and stabilities of a
stream channel, the criterion for movement of sanis and gravels by action of flow, the
so-called critical tractive force, becomes generally important. The present paper deals
with the hydraulic approach to solve the mechanism of the critical tractive force of
graded sand gravels.

In the first part of this paper, the results of some basic experiments on the critical trac-
tive force of graded sand gravels, especially the mschanism of sediment transport near
the critical condition for movement and the sorting effect of flow, are described. It is
concluded from the experiments that the practical definition for the criterion for move-
ment of sand gravels proposed by the author in the previous paper can also be applied
to the critical tractive force of graded sand gravels, and the sorting efect of flow near
the critical condition is expressed by a function of size frequency distributions of graded
sand gravels.

In the second part, a theory for the critical tractive force of graded sand gravels is
developed, based on the author’s procedure to solve the criterion for movement of sand
gravels and the existence of wakes behind sand gravels. It is clarified from the com-
parison of the theoretical curve with the results of experiments performed by the author
and some other authorities that the critical tractive force of graded sand gravels expressed
in the dimensionless form is a function of the standard deviation of graded sand gravels,
and the theoretical curve is in good agreement with the experimental results within the
range of the standard deviation less than about two. Based on the above consideration,
an empirical formula for the critical tractive force of graded sand gravels is proposed
and compared with some other formulas proposed by authorities.
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Fig. 3 Some examples of relations between rate of movement
of sands and gravels, and shear velocity

Table 2 Experimental results of critical tractive force
for uniform sands and gravels
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Fig. 4 Comparison between experimental results of critical
tractive force for uniform sands and gravels, and
theoretical curves obtained by Iwagaki and the
author
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Table 3 Experimental results of critical tractive force for graded sands and gravels

Experimenter |dsy (cm)|(dse/d1e) 2 1*.2(cm/s)? [u*2/(u*21r. | w¥ed'so/v | u*/(o/p -1)gd’s0] Er
Author 0.1435 1.145 7.73 0. 884 31.0 0.0355 0.389
” ” 1. 403 8.90 1.018 27.8 0.0444 0. 306
” ” 1.553 9.74 1.114 25.6 0. 0549 0. 244
” ” 1.823 10. 95 1.2562 18.2 0.1050 0.137
” 0.203 1.252 12.3 0. 864 50.4 0.0432 0.359
” ” 1.522 14.3 1.002 42.6 0.0646 0. 247
” ” 1.842 14.6 1.025 29.4 0. 0999 0.130
” 0.0480 2.220 5.32 1.79 2.65 0.259 0.126
” 0.0805 1.873 5.39 1.217 7.39 0. 099 0.171
Kramer 0.0706 1.83 5.11 1.315 7.72 0.0892 0.175
” 0. 0558 1.64 3.83 1.231 6.66 0.0676 0.248
” 0.0800 1.95 4,81 1.091 7.18 0.148 0.109
Schaffernak ‘ 0.154 1.33 7.36 0.758 35.7 % 0.0337 0.421
P E L l 0.115 2.29 5.01 0.791 6.45 0.107 0.160
” 0.0846 2.22 4.12 0.885 4.78 0.109 0.202
” 0.0836 2.16 5.69 1.240 5.98 0.138 0.155
” 0.0686 1.72 4. 90 1.297 8.46 0.0794 0.189
” 0.0744 2.06 5.49 1.341 6.14 0.125 0.142
4 0. 0806 2.08 5.49 1.240 6.46 0.123 0.140
Engels 0.148 ’ 2.18 ’ 9.81 1.072 3.59 ‘ 0.216 0.125
Gilbert 0.371 ’ 1.12 29.0 0. 964 195 0.0496 0.399
” 0.530 1.14 48.1 1.121 356 0.0492 0. 409
U.S. W.E. S.| 0.0586 1.93 4.64 1.441 5.30 0.117 0.173
” 0. 0541 1.56 4.21 1.352 7.44 0.0717 0.223
” 0.0525 1.44 4.21 1.381 8.30 0.0643 0.235
” 0. 0506 1.77 4.02 1.335 5.27 0. 0947 0.213
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S b RO, Us : —RRN O, o : RIWABOUE, do: BROERE, Cp: BRI, 8
EHERT 0.2 BENH, x L0 y: ThERRED SOWN GAOER, B4 U x CEEHQOMEE
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3 1/s<_ﬂ_)“{ _ 4,3(11_5)4/“} 2
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W y FHOVEEEEET, (12 RUSHNT y=0 L LABERICESCT x FRDVEEH « 2L 3
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di/L < 1/a;

(AN b de VB[ de NYP[(L/d)'P—a' j

w L "( L ) 4(”( L ) [1 "“( L ) [ (L/dD)—a }
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CERLAZGIEICLTES,
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UK E S OMEEDHED TEAZIET CEREIR &L TREIMC 6=0.4 22T 3biITH 305, CoBs
ICHOT LRI OM I RRED 2 ~ SHEBEEICRNLDEEZ 6N B, COL I NEEIELBZL, R
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BOEDZEEE 1 LHObL, 2D NICBINIWBOVENLKRES & d £ LT, BiRLIHECL
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TIEERME» D EEE 0, BRmIMREI T L =L THY, (de/dwe)'? DN KEL 2T L,
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FNREBRAR L DBHHICONT T, ZEBTEECLE I, A
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B* > 671 ; u*2=0.0500 (o/p—1)&" g d’s0r

162.7 < R* <671 ; ={0.01505 (¢/p—1)&," g} 25/22y-8/11 31722
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214 < F*<54.2 ; ={0.1285(o/p— 1)&:"" g} B/, 1118 7 g2, J
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Fig. 26 Comparison of theoretical curve for critical tractive force of
graded sands and gravels, and experimental results
F* > 671 ; u*?=0.0500 Gi(¢/p—1)g dso»
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SHTHEOBERERDNE, Fig. 28 0L 31l4 %, &5 LAZBERICHT 23 LSRR HIE T 3 4%
WERFICRULAHBICE D THENEREH 6 IN 3 LDE LT, M % (dea/die)'? DEEETHEDL
BRUZCEBREEZOAR L 2L T, Fig. 27T (2RL Th iz She ooy X 3, Kramer
OARBREDEZERCABOBETHY, ZHICHECT USW.ES n{nLigoT 3, &M
BEARNKCNO=Z20NTRRIEZED LD L S TH 26, TOMBICHIZD>TiIH 72 9 DMEE
L7-EfERLTH B3I b2 3 THAE 5. ChonAROMIC, BEBEEZERAROTICEALLD
DELT, TLELLUEREARD B3 E B

I
~—+—%¢——ﬁ-~—L“~@4m* — L ARRERBBINE L, WECEC TR
(o © Kramer 0 Gibert | sypges e b oo RS IRE &
|1 . & schatternak © USWES. ]

™M ., 0 PE.I O Ishihara (dea/dre)'? & DEERHEFET 2L, 12
a1 O Engels @ AKIBSAIO  guaniy mkiRRic SO CHIBET B C LI B2,
B N R o SR £29R L T 3ELRICIETO E, H
L S coo L ARLBEAR 2K FA—oRADFE I
'W % A BBZEEDIMADINAT, TOFHMIA

,!,i] ! ,‘.v; L BT 3.
o LI | I —J7, HEHEMEENGE L L CRAT
! - b oA IR EERL, E1
J;E —RUEEE RO THFMAESRE a2/ M
Fig. 28 Relation between (dp/dig)'’® and M EHRNEROFR L CHTCTHELLE

_ AXERAHEOBRARRINCE T 26K
DEEA & F RS L ¢, BARNINCMETREGEOMBEUWARETAL, L30T M, 2 &
303 B DX RREAREEH O b THREF AXOFICHAT BB VPO TROBETE HEhi&ET
FHRELIB S EERIT B, Fig. 14 $/23 2T CRLIZL S C, B (dau/die)'*=3 BEITH 3
REEOFEH L, PRRVBRCHHE L THEARD SRO SN BHORK 2ERETH ), —~HTLAE—KT
HEIWBENRE LIERDEHRIUZ I 1L Y6 2ENHOTH2MHBIRARL I TH B, LIcHDT,
EBREVITHDELRAVR LI FA—-RETCHL L0 6, Fig. 14 LU 2TITRLILL S c—BhED
BEEVFBETRES Y, SHIC—IEINOOREDLSICHRHECHODLILWIRY, BEIEIKD S
NADDIL EZYMRDIEEZZTLINTHS ),

5 & S
P ERAWEBEORARBEINCBEL TERBUAFERICOOTlE e $3TI0L 5 AMELERTIEAD
= ZOREAIICDOTERL, ECRARRADERIC ST RHES (20T, Fo20ERM
BT HT 3 RESEHEL, 2oKBFHLBCSBO THTHALC EFHAOMNILE. LD T,
FOBMERAT ZE 5L LT, IEBOREWEREBOCFMLERETLO, BRABRKIMOHEC KT
5mmmg&t®m%é%%MLm%L,%n%u%dwt¥mmaﬁm#6,—%@ﬁwgﬁm%tﬁ
PEEZEOERELFAL TERL, RARKICRETRAVRDFEEH LML, £LTIH LB
%ﬁ@&mﬁcxﬁéﬁ@fhécawe,@W@%&é&6bTud@&Wﬁu§&Ltw5ww@ﬁm
WCMRTREZEC S R0 LI, FTDEIREO ", Z0fEic 20 TEEL-DS, ZOREE G
TRAFBHE I RET 2T L TEERIF RS, S O6ICHBIEEICET 3B EO—BE+KEL,



B REWEOBRARTICE T 269 253

WEEr G BIREZRL T, ORI TERGIREMITT 2 L0 ) Hic k2T, BRAERKA

BT BEMIERE TR D10 B DIREICIT (FERNEROME TIIH 2%, FEHERELHEL Tr

Y EOBIMEHBAL I3 &dtbrD/te ) LILBRRIIBH THEETH DT, SHOMFIC T okl

LRCE L OBErEHZINE L, KBICTHOOREE L LCLT, REPEBORARMIICET 3 H5%

ARERRBU IS, BAREINCBIT 3 EHAREHEL THIERCHL I Z LD EEX T B,

REICAMNEET L I ICHIo2T, REMIEEE B o AFHREBERS X UBHE—SRCEL YiEt

EbT L eIl AWKOERMEITE I Chiz W HERE M2 BTETEREGA PSS BT

£ 2. 4k, OEBEKETTELE, EBHESL CERIE-ROBLEMINCL 2 LD THE S

LERLTHBEERTIRETH B,

2 £ X #

1) Rouse, H.: Engincering Hydraulics, John Wiley & Sons, 1949, p. 795.

2) White, C. M.: The Equilibrium of Grains on the Bed of a Stream, Proc. Roy. Soc., A 174,
1940, pp. 322—338.

3) WEUHAE: RARIINCEC T, SUNRFERETEHNAT MY, 4%, 3%, IE23, pp. 1—26.

4) Tison, L. J.: Recherches sur la tension limite d'entrainement des materiaux constitutifs
du lit, Proc. Minncsota International Hydraulics Convention, I. A. II. R. and A. S. C. E,,
1953, pp. 21—36.

5) WA RAREAIOWEIFMIOT, EARFSHE, 415, #E3l, pp. 1-21.

6) Kramer, H.: Sand Mixtures and Sand Movement in Fluvial Models, Trans A. S. C. E., Vol.
61, 1935, pp. 798—878.

7) Studics of River Bed Materials and Their Movement, with Special Reference to the Lower
Mississippi River, U. S. Waterways Experiment Station, Paper 17, 1935.

8) Chang, Y. L.: Laboratory Investigation of Flume Traction and Transportation, Trans. A.
S. C. E, Vol. 104, 1939, pp. 1246—1313.

9) REMR—: Wi, HIEENE, BE25, p. 58.

10) 5% BRHE: FMIRREUC ST BRBRBHINCELN T, EARFELE, 3%, £ 25, E2L, pp. 1-8.

11) Einstein, H. A.: The Bed Load Function for Sediment Transportation in Open Channcl
Flows, U. S. Department of Agriculture, Soil Conservation Service, Technical Bulletin, No.
1927, 1950, pp. 1—71.

12) FREA : BHEKBIKD T RGNS 5507 2 EMIRA, 1 RFSRCHE, 5805, WE37, pp. 18—29.

13) LERA : KMITHRIBC K 2 e A BT 398, LAY &HCE, 582%, 337, pp. 21-51.

14) EiHlift—, 1BBA: WHEH R krn/ic BOBRRRKI Co0 T DARFELRRACE, H4l%5, E3l,
pp. 22—38.

15) Pantélopulos, J.: Etude experimentale du mouvement par charriage de fond, Recherches
sur la similitude du charriage, Hydraulic Rescarch Institute, V. U. V., Pague, 1957,

16) HHEA, MBI LoRE nBithic B3 2 seatmmige, LRFAE, H36%, #15%, IE26,
pp. 32—35. :

17) Swain, L. M.: On the Turbulent Wake behind a Body of Revolution, Proc. Roy. Soc., A 125,
1929, p. 647, %7-¢ Schlichting, H.: Boundary Layer Theory, McGraw Hill, 1960, p. 604.

18) B ATHEE ORI —A K EME—, FEURF ROMERTE®E, 55 A, IE37, pp. 252
—259.

19) s WT—HR: TIRICHIE OWMAIEHIC DT, WITREEE W, 9810%, AB34, pp. 85—91.

20) Schaefer, J. W. and S. Eskinazi,: An Analysis of the Vortex Street Generated in a Viscous
Fluid, Jour. I'luid Mech., Vol. 6, 1959, pp. 241—260.

21) 1 iBUBRER - FEIANC & B TIIRBEHRIC B ¥ 3 HEIIWFE, I RF &S, B24%, $1 %5, IE1S3, pp.23—55.



