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STUDY ON THE SUSPENDED SEDIMENT TRANSPORTATION
UNDER NON-EQUILIBRIUM CONDITION

By Kazuo ASHIDA

Synopsis

In this paper, the author discussed the river bed variation due to the suspended
sediment which occurs under non-equilibrium condition.

A rate of the river bed variation per unit area is considered to be w,|C—Cs| in which
wo, fall velocity of the suspended particle, C, actual concentration near the bed and Cs is
the concentration under the equilibrium condition which my be expressed as a function of
wo and #, (shear velocity).

The author obtained an equation calculating the variation of the sediment concentration
with relation to distance under the non-equilibrium condition, by assuming the diffusion
coefficient constant in a section and using the vertical distribution of the sediment con-
centration in equilibrium state for the first approximation.

In the case of the transition from one equilibrium state (shear velocity #s) to another
state (#x), the variation of the concentration is calculated from the parameters wo/u#s and
Uso/ux. The diagrams for the calculation are prepared in this paper. The above procedure
was applied to the experiment of the sedimentation in a reservoir in which case the
suspended sediment has a grain-size distribution, by dividing the grain-size for some grades.
The variation of the concentration near the bed obtained by the calculation showed fairly

good agreement with the observed one.
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Fig. 1 Schematic sketch of longitudinal variation of the
sediment concentration near a bed.
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Fig. 2 Diagram for longitudinal variation of the sediment concentration
near a bed.

Fig. 3 Relation between a cofficient @ and m(=#x/#sx) with a parameter
Rup.
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Fig. 4 Relation between a non-dimentional length required to attain an
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Fig. 5 Relation between the sediment concentration near a bed under
an equilibrium condition and we/#sx for a smooth bed obtained
by Ashida and Mitchiue.
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Fig. 6 Grain-size distribution of the sand used in the experiments.
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Fig. 7 Sediment bed profiles for the experiment of sedimentation

in a reservoir.

Table 1 Sediment concentration near the beds and shear velocity

obtained by experiment.

x (m) 0 0. 400 2. 400 4400 |  6.400 8.400
t=1hr ¢ x 10° 9.00 6. 460 3.400 3.020 2.580 2.200
#x (cm/s) | 1.36 1.220 0.710 0.495 0.382 0.315
x (m) 0 1.000 3.000 5. 000 7.000
t=2hr €0 % 10° 9.00 4.320 3.530 2.920 2.580
us (cm/s) | 1.36 0.850 | 0.546 0.410 0.328
I x (m) 0 2.000 4.000 6.000
t=3hr o % 108 9.00 3. 950 3.370 3.020
ux (cm/s) | 1.36 0.675 0.455 0.354 |

Table 2 Representative fall velocities and their
frequencies used for the calculation.

wo (cm/s) Range iws
0.10 <0, 2 | 0.38
0.30 0. 2<wo<L0. 4 0.21
0.50 0. 4<wo<0. 6 0.12
0.80 0.6<wo<1. 0 0.10
1.36 1. 0<wo 0.18
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Table 3 Relative sediment concentration near the beds obtained
by the experiment and the calculation.

t=1hr
€0 (%) /¢ (0) co(x) w/ o (0)
% (m)
wlem/sec) | o3 0.5 0.8 1.36 Calcu. | Measured
0 0.38 0.21 0.12 0.10 0.18 1.00 1.0
0.4 0.37 0.18 0.10 0.06 — 0.71 0.71
2.4 0.33 0.09 0.03 - — 0.45 0.38
4.4 0.29 0.05 - - — 0.34 0.34
6.4 0.26 0.03 — — — 0.29 0.29
8.4 0.23 0.01 — — — 0.24 0.24
{=2hr
¢o(%) w/co(0) co(%) w/ € (0)
x (m)
wolem/sec)| ¢ 3 0.5 0.8 1.36 Caleu. | Measured
—0.1
0 0.38 0.21 0.12 0.10 0.18 1.00 1.00
1 0.36 0.15 0.06 0.04 — 0.61 0.48
3 0.33 0.08 0.02 - — 0.42 0.39
5 0.28 0.04 — - — 0.32 0.32
7 0.25 0.02 — - — 0.27 0.29
{=3hr
co(%) w/e(0) (%) w/€s(0)
x (m)
wolem/sec)| g3 0.5 0.8 1.36 Calcu. | Measured
0 0.38 0.21 0.12 0.10 0.18 1.00 1.00
2 0.34 0.11 0.04 — — 0.49 0.44
4 0.30 0.06 — — — 0.36 0.37
6 0.27 0.03 — — — 0.30 0.34
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Fig. 8 Comparison between calculated values and measured
ones for the sediment concentration near the beds in
a reservoir.
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