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ON THE FORMATION OF STREAM CHANNEL PATTERNS
AND ITS PROCESSES

By  Yuichiro FujiTA and Yoshio MURAMOTO

Synopsis

The patterns of stream channel and their related problems are important in the fields of geo-
morphology and river mechanics. These have attracted the attention of many researchers and
engineers.

In this paper, the problem is elucidated in connection with fluvial processes of stream channels.
On the basis of the authors’ results from previous investigations employing large scale experiments,
a diagram depicting the formation of stream channel patterns is obtained. It is found that the
widening of channel and sand bar development, particularly alternating bar, play the leading
role in it. The geometrical characteristics of bars in lateral erodible channels are compared with
those in fixed wall cases. Their critical values are then determined at the alternation between the
channel patterns.

Accordingly, a classification of channel patterns is tentatively resulted from the diagram
above-mentioned, based on the visual states of river channels in fluvial processes. Four distinctive
groups are proposed, namely, straight channel 1, straight channel 2, meandering channel, and
braided channel. The governing hydraulic conditions to these patterns are clarified by using the
criterion for river bed configuration of meso-scale, and are compared with the equations obtained by
other investigators for channel pattern criteria.

The consideration of bar development in the case of lateral erodible channel renders a expres-
sion from which the increase of bar height can be estimated. The process of stream channel
patterns, predicted from using this equation and an one-dimensional analysis of river channel
variation, shows a fairly good agreement with that observed in experiments.
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Table 1. Experimental conditions,

Initial channel shape
Trapezoidal cross-section Flow Stream
Exp. - ————————— ——-| Bed | Discharge | duration length Remarks
No. ! Bottom | Side Bank slope time
width | slope | height
(cm) (cm) (Ysec) (hr-min) (m)
I-1 7.5 100-00
100 | 1:1 20 | e 130
-2 15.0 30-19
11 1/200 15.0 28-41 128
III 6.0 71-26 120
v 15.0 2500 | 10
1/200 | | 0~60m
v 50 | 1:2 10 | 6.0 55-30 110
1/500 | 60~110m | Two
step
1/200 0~60 m slope
VI e 15.0 37-30 B (1 O SO
1/500 60~110 m
viI 6.0~30.0 | 31-00 110 Step discharge
VIII 25 1:2 5 5.0 22-00 | 110
IX 50 1:2 10 15.0 30-00 110 Right hand side
bank is fixed
1/200
X 100 1:1 20 20.0 17-21 42
X1 : 15.0 12-07 43
Sand feeding
XI1 50 1:2 10 15.0 44-35 42.4
XIII 15.0 1540 42.8
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Fig. 1. Schematic sketch of processes of formation of stream channel patterns.

1ia1 state I

straight channel

development of

; channel shape alternating bars static stabTe
L e ——. channel
. motion of sand

grains on bed

widening of
straight channel

=
3 channel shape

I bar geometry
upstream cond\non

dynamic stabTe

migration of
alternating bars

development o

< braided channel
alternating bars

migration of
alternating bars

1 bar geometry meandering channel

| _upstream condition l

{phenomena ) (governing factors) (conditions) (final channel states)

Fig. 2. The diagram representing formation of stream channel patterns.
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Fig. 3(a). Wave length of bars in lateral erodible channels (Authors’ experiments).
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Wave length of bars in lateral erodible channels (Others’ experiments).
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Fig. 5. Geometrical characteristics of bars in straight, meandering and braided channels.
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Fig. 6. Changes of geometrical characteristics of bars as a function of time.
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Tig. 8. Examination of a criterion of stream channel patterns in the case of experiments with

inlet angle.
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Table 2. Equations governing the stream channel patterns.

Investigators Channel patterns | Condition of formation

Leopold & Wolman Meandering 1<1.3x10-2Q-04¢ -
Braided & Straight I>1.3x10-2Q-04¢

Lane o Meandering | 1=7.0x1074Q-0%5 o
Braided T~1.4x10-3Q-0 25

Henderson Meandering 1<2.7x 1073417 14Q0.44
Braided I1>2.7x10-3d114Q~0.44
Meandering I>1.4x10-3Q-0.12

Ackers & Charlton Shoaled channel 1.4x 10-3Q-0-12> I >9.8x 10-4Q-0.12
Straight 1<9.8x 10-4Q-0-12

Remarks Q: m/sec unit, d: cm unit
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Experiment  No.
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Fig. 9. Changes of stream channel condition as a function of time.

Table 3. Duration time wherein the condition of alternating bar being maintained.

Exp. No. II 111 v VIII X XI XII

Duration time (hr) 11.5 38 6.5 22 3.7 4.0 6.5
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