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STUDIES ON THE SEDIMENTATION IN
CURVED OPEN CHANNELS

By Yoshio MURAMOTO, Tadahiko SAKAMOTO
and Tomotsuka YOSHIMURA

Synopsis

The curved reaches in rivers are considered to be structural weak points, likely
provoking causes of undesirable situations, such as progressing of meanders, bank erosion
due to the local scour, etc. For this reasons numerous experimental researches in labo-
ratory and field observations have been carried on. However, the analytical approach
for the mechanics of the sedimentation in curved channel is not established.

In the first half of this paper, the processes and the mechanism of the development
of the local scour are studied on the basis of the experiment of the sediment in the sand’
bed and the measurement of shear streéss on the rigid bed, which are conducted in two
kinds of 180° curved open channels. The magnitude and the positions of the maximum
scour and deposition, the hydraulic characteristics of water surface profiles and the
channel resistance are discussed. )

In the second half, the theoretical approach for the variation of the lateral bed
profiles with time is developed by the use of equations of continuity for bed load and
motion of fluid in radial direction. The effects of the secondary flow on the bed load
transport are measured by the motion of particles on the bed, and the modified expression
of Rozovskii’s equation for flow direction on the bed is introduced into the above first
equation. The experimental results indicate this approach to be applicable for the initial

stage of local scouring.
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Fig. 1 Grain-size accumulation curves of used sand.
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Table 1 Experimental Conditions.
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beo o, | il | B, | Discharge | Mean | Fround | Manning | Rolive
Ye (Cm) £ Q (1/5> ﬁm (Cm) Fr n (m'i/s) ks/dm
A—1—1 75 0.0100 1 1.15 0.518 0. 0290 27.6
—2 75 0. 0100 2 1.52 0.681 0. 0233 19.0
—3 75 0.0100 3 2.02 0. 668 0. 0250 26.6
—4 75 0. 0100 5 2.54 0.790 0. 0220 20.5
—5 75 0. 0050 1 1.28 0.441 0.0223 20.0
—6 75 0. 0050 2 1.84 0.512 0. 0227 19.3
-7 75 0. 0050 3 2.33 0.540 0.0223 20.9
—8 75 0. 0050 4 2.78 0. 552 0. 0225 23.3
A—I—1 150 0.0100 1 1.07 0.578 0. 0260 20.2
—2 150 0.0100 2 1.42 0.753 0. 0208 13.2
—3 150 0. 0100 3 1.88 0.744 0.0222 18.3
—4 150 0.0100 4 2.10 0.839 0.0199 13.9
—5 150 0. 0061 1 1.11 0.545 0.0215 12.9
—6 150 0. 0055 2 1.79 0.531 0.0227 19.3
-7 150 0. 0078 3 1.93 0.715 0. 0204 14.5
—8 150 0. 0084 4 2.51 0.643 0.0246 28.8
B—1—-1 75 0.0100 6 3.13 0.693 0.0258 12.4
—2 75 0.0100 8 3.89 0. 665 0.0278 17.2
-3 75 0.0100 10 4.37 0.701 | 0.0270 16.8
—4 75 0. 0050 4 3.10 0. 467 0. 0266 14.7
B—Oo—1 150 0. 0100 6 3.09 0.705 0. 0242 11.7
—2 150 0.0100 8 3.76 0.703 0.0231 14.4
—3 150 0.0100 10 4.76 0.615 0.0242 25.8
—4 150 0. 0050 6 3.61 0. 552 0.0223 9.71
—5 150 0. 0050 8 4.37 0. 558 0.0219 11.8
—6 150 0. 0050 10 5.06 0. 561 0. 0222 13.4
Table 2 Properties of used sand.
Density Mean Diameter Standard Deviation Porosity
o (g/cm) dn (mm) s (8
A 2.62 0.58 1.33 43
B 2.63 1.74 1.42 41
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Fig. 2 Comparison between shear distributions on the bed measured by Preston

tube and lateral bed profiles for the initial stage of scour.
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BTV, BTS2 TEDOBENLE ¥ - B2 R TESE L TIKS S L ORPDEDORIE Y
fils -tz FIRFBOBEL L, THRESS 1m~6m KL 1o Sbm2 A& L, ik, TH
1m KTk 20 cm 48, BT T 10° FTHEFTR 6 SRF\VTTR o7, KBERXTHBEODIEDE =
A TCTHREHERT 2L CHELR. 25 L2 BHBORKER IS RRREBCEL o &
LRABRE T, BERY — ARDOWT 5 ~15BFEER D EL T o7,

DLEDOBENRDORR & IFTL T, ZHPOMKESHOBRELTSICT B0, BERKBICHSITHE
EDORABIG I ORE R XL OEREMLOERORMERF e »Tce BAMIEIORELSE 6 mm O Preston
TRV AlBratl, T 3m ORXMTEFRN 20cm 4, ZEE 10° ™ 6 A TfTik-
foo EEOHAMECIL, EEC Al BEHCER 6 mm, KE1 76 OGRERORBATEAY, B
Bk 2B FERBE T LI L T, FRBHBHELCBT 5K EADWIEEZRD T,
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RIEDELEREBICI\TH FREL IR T 2 FBHEENMELR TV AL, FERCI->TRDBHEIS
\, Preston &Ik 22 KO AEIGHOREL Ippen® HIZX > TRALRTLUR, ¥LEiZh
TWBH, MESAHEEORLTA2EMBOFN TOHBEIIH LN TRV, AHHETYH Preston FOJ
AR L CEROTES M OB LIt oW TETORF LTV, ARBROTHE TR
izl BEHBOMTHEORAMGASALFHET 2 DRE LW LEL bR, £ 2T, ST
RT3 RAMICHOBF RO & BRI kT ARIKER & 2B L T, RAWMIGNS7H : TiHERE
L OXEERA L 7.

Fig. 2 32 0—B%RLIcbDTH B, FEIEORAMICIDOSM & FARBOTLL I BT
Hrx b ->T5%, FlxiE, FAMECHODANLR TR S [ ERITFEINRDTH 0.5m ABEME
X b 180° fHEDBIRA BIHEA TV B, Fhe, 60°~180° DEFE TIL, BAMIGIIUZE—RLIHEL
Tw3H, ERIVCTRLEMLITEA TS, b, BHTBHASTLEBOETIIRABIEIORK
B WABECR-> TV B, 20X 5 BB KT AHEOETIL, Tk - TLERFRORAMNIGS
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Fig. 3 (a), (b) Variation of bed profile with time along the inside wall.
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Fig. 4 (a), (b) Variation of bed profile with time along the outside wall.
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H4275, 60°, 150°DOHEMEFTE & bICHEF—EATFARECEE . 7.=150cm OFAIL, ¥7T 60°~
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122~ 3ETEOMNBEINELTBEIT 5,
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Fig. 5 (a), (b) Bed profiles for the final stage of scour.
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Fig. 10 Variation of water surface profiles with time at three lateral station of 90° section.
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Fig. 14 (a), (b) Comparison of theoretical curves calculated from Eqs. (12) and
(13) with experimental results of lateral bed profiles.
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Fig. 15 Theoretical curves of tangential velocity Fig. 16 Theoretical curves of tangential
distribution for Exp. No. A—II—2. shear velocity
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Fig. 17 Theoretical curves of rate of lateral sediment transport.
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Fig. 19 (a) Variation of mean depth of scour along the outside wall with time.
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