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STUDIES ON FLUVIAL PROCESS OF STREAM CHANNELS (3)

—— One-dimensional Analysis of Channel Process and Characterisitics
of Self-formed Meandering Channels —

By Yoshio MuraMoTo, Shitichi TANARA and Yaichiro Fujita

Synopsis

In the first half of this paper, we describe applicability of the one-dimensional analytical model
of channel process with bank erosion, which was developed in the previous paper?), and a theoretical
consideration of the stability of channel process by the use of fundamental equations of flow and
sedimentation. From comparison between the analytical results and experimental ones under
various flow and boundary conditions as shown in Table 1, it was concluded that the one-dimensio-
nal analytical model is applicable to an uniform and a nonuniform channel widening process
without meandering pattern by the use of a modified expression of sediment supply due to bank
erosion and an assumption on criteria of channel widening at initiation of bed degradation. The
results of the stability analysis show that the sediment supply due to bank erosion gives no serious
influence upon the stability of channel process in the case of the present experiment.

In the second half, geometrical and kinematical characteristics of bars in alluvial channels and
development of meandering are discussed on the basis of experimental results. As relationships
among width (B), length (Lp), height (Z ) and migration velocity (V5) of bars, LgcBand ZgzocLp
were obtained from those observed here and by other investigators in various alluvial channels and
rivers, and VgocQpLp~? was derived by the use of the above relations and an expression of
sediment transport rate @zocBZzV 5. Furthermore, relationship on wave length of self-formend
meandering channel to flow discharge was derived in consideration of development and migration
of bars at a given point in the channel and relation between flow and sediment transport rate.
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Fig. 2 Comparison of theoretical curves of channel widenning process included
different analyticla assumptions.
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Table 1 Experimental conditions.

Cross Section of Channel
(Trapezoidal Shape)
Exp. No. | Bottom Side Depth | Bed Slope | Discharge | Flow Duration Notation
Width Slope (1/sec) (hr-min})
(cm) (cm)
I-1 . 7.5 100°-00"
12 100 1:1 20 1/200 15.0 30°19’
II 100 1:1 20 1/200 15.0 28°-41’
111 50 1:2 10 1/200 6.0 71°-26"
v 50 1:2 10 1/200 15.0 25°-00"
U.R. ; 1/200 o_an¢ Two Step
VDR 50 1:2 10 1/500 6.0 55°-30 Slope
U.R. . 1/200 o_an’ Two Step
VIpR, 50 [:2 10 1/500 15.0 37°-30 Slope
VII 50 1:2 10 1/200 | 6.0~30.0 31°-00" Varying Flow
VIII 25 1:2 5 1/200 5.0 22°-00’
. o 00 Left Side: loose
IX 50 1:2 10 1/200 15.0 30°-00 Right Side: rigid

U.S.: Upstream Reach (x=0~60m), D.S.: Downstream Reach (x=60~110 m)
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Fig. 3 Comparison of observed values with theoretical curves of channel widening under
varying flow as shown in figure.
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Fig. 5 Comparison of observed values of channel width at final stage with theoretical curves
of self-formed stable channel in absence of sand feeding.
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Table 2 Experimental values of flow and sediment factors at intial stage.

Exp. No. (chx'x‘l) Fi |(10-1emesec) [(10-2emefsec) (15—"3) (1%32) (m]a [n]n
I-1 1.95 0.744 0.91 0.56 2.10 3.69 502 | 9.03
I 2.93 0.864 2.26 2.81 2.67 7.46 399 | 699
111 2.52 0.756 1.65 1.61 2.76 5.85 4.26 7.53
v 4.29 0.851 4.58 9.52 342 | 1247 350 | 6.19
V(D.R) | 327 0.328 0.25 0.05 0.44 1.20 897 | 1694
VI(DR.)| 558 | 0354 1.26 1.00 1.01 476 | 456 | 8.2
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Fig.7 (d)
Fig. 7 (a)~(d) Migration of fronts of bars and locations of meanders.
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VCEELTHOLNCT 2LENE L, ChboRHEDY b, MHZERKED 2 VWIEIEREHOEILL > T
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BEBERL, BBEBERRBIICEL T L8bh b, ITRAERE, ihd L UCEDICBET 5 REIE
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Fig. 8 Variation of channel width and length, height and
migration velocity of bars with time.
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BErRFET L2 Zn Fig. 92 X Fig. 10 0 X 5124 3, 27, Fig. 11 GIREEITb - THi#H®
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RET 330 E LTnd. ThboRL D, FHMIT

Lg~B,  Zg~ g it (33)

8
20 [_ Rigid Bank © Kinoshita
Lem) 2 ¢ * Ashida and Shiomi
* (em) Loose Bank * Authors
10
8 oL .
6 .
g
a B oo 4 s
6 ° °o0
2 A | | ] ! T ° | |
04 06 08 | B(m)4 . LI ¥ Ca— EIOL.(m)Im
Fig. 9 Relation between channel width and Fig. 10 Relation between height and length
length of bars. of bars.
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VB,.._I?_;;_,..,'Z"T“ b?(-‘al”(l;lfiirz b")"’Qéo ..................................................... (35)
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h, FRROKEIITHIELCHEERy — A B3 B L Cwb0o8bdhb, LL, EREOSEBKE L,
(35) KOHEAMRIIURETZ Vo

Uk, WBHEORERNO AN LR LI (33)~(35) RTHEb L, wIho BHEIOVTE

KRMEO ZHBEILL, Be2oRBECORKERO FUADTL L. 27, ThLOBERE KBS
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Fig. 11 Relation between channel width and length of bars in various channels
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Fig. 12 Relation between migration velocity and length of bars.
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Y(m)6

Fig. 13 (b)
Fig. 13 (a)~(b) Development of bars and meanders.
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