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Background (1)

The existing sediment transport relations are rarely
suitable for predicting changes in the size distribution of
bed materials in river bed (the relations only predict
total sediment discharge)

Several empirical equations calibrated from different ‘
laboratory flume data sets have been proposed by many . |
investigators with the assumptions that the sediment is
homogeneous and non-cohesive

Prediction methods of many existing published sediment
transport rate relationships have therefore been
developed using data from “uniform” sized sediment to
allow the determination of the effects of the ‘average’ or
‘representative’ sediment size on transport rates




Background (2

The erosion and transport processes of non-uniform
sediment are much more complex than those of uniform
sediments, both respond very differently to the imposed
fluid forces

Calculation of highly non-uniform sediment transport
rates using a single representative size of the bed
material has been recognised as not appropriate 3

It has been thought necessary
to predict the transport rates of
individual grain size fraction in
the mixtures to get the total
transport rate




Objectives

To examine the behaviour of mixed grain size
sediment transportation during constant flow rates

To obtain the transport rate behaviour in correspond
to time as well as the change in the composition of
surface layer

To understand the level
of stability of each
grains



Experimental Setup

Experiments were carried out in a re-circulating glass
sided tilting flume with the same constant flow rates of
34 |/s were applied in all tests

A slot type sediment trap located 12.7 m from the flume
inlet and positioned in the centre of the flume was
provided to collect the material being transported as :
bedload ¢

The mixture of sediment was manufactured from three
different grain size sediments to represent the natural
sediment mixtures in many rivers
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Results and Discussion (1)

Observations indicate that during initial hours of constant
flow rates, significant and rapid changes in bedload
transport rates occurred

During the first 60 minutes transport processes involved
sporadic release of material as bed adjustment took place

Both test experienced significant change in bedload
transport rate during the initial stages (0.40 gr/s/m for
Test 1 and 0.38 gr/s/m for Test 2)

The rates drop rapidly within the course of one hour to a
half than the bedload production in the preceding hour
(0.18 gr/s/m for Test 1 and 0.19 gr/s/m for Test 2)




Results and Discussion (2)

The rate fluctuated but continued to decrease in the
third hour (0.15 gr/s/m for Test 1 and 0.13 gr/s/m for
Test 2) before a much lower but constant rate during
the remaining hours (0.09 gr/s/m to 0.07 gr/s/m)

—8— Test1 (3hours)

—Aa—Test2 (6 hours)

Transport Rate (gr/s/m)

150 180 210 240 270 300 330

Time (minutes)



laid bimodal sediment beds has a different effect on the
fine and the coarse mode of transported sediment

Fine mode experience a similar pattern of transport
throughout the 3 hours whilst the coarse mode shows
variations, grain size of 0.355 mm was dominant in the fine K
mode for the whole
duration of the test. In Bt e
coarse mode, grain size

of 4 mm was dominant
during the very first part
the test (i.e. time
elapsed 10 -40 minutes)
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Results and Discussion (4

Application of a relatively high constant discharge to fresh
laid bimodal sediment beds has a different effect on the
fine and the coarse mode of transported sediment

Fine mode experience a similar pattern of transport
throughout the 3 hours whilst the coarse mode shows

mode for the whole duratlon of the test. In coarse mode, ¢
grain size of 4 mm was dominant during the very first part
of the test (i.e. time elapsed 10 -40 minutes)

It is evident that the grain sizes of 0.355 mm and 4.0 mm
contributed quite significantly in transported bedload
(estimated composition of both sizes left on the bed at the
end of the test are less than the original composition of
surface layer




Results and Discussion (3)

More sediment was transported in the fine mode than in
the coarse mode throughout the Test 2

Fine mode also shows a similar pattern in grain size
distribution with the modal size of fine grains was 0.355

mm for the whole duration of Test 2
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shown by the change in coarse
mode where modal size of
coarse grain shifts to the right
from grain size of 4.0 mm to
larger grain size suggesting
that the level of exposure of
larger grains increased with
time



Results and Discussion (6)

Although the percentage of finer grain transported during
the test was dominant, it is not an indication that coarse
mode was more stable but a reflection of the ability of the
flow to continuously remove finer grains for the whole
duration of the test
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Results and Discussion (7)

Bed surface composition at the end of the test can be
estimated from the calculation of total transported bedload

Original composition | Fractional transported
of surface layer (%) bedload (%)

-

| 80 | 8570 | 8570 | 1634 | 0830 | 865 | 8. -
| 56 | 34660 | 34660 | 15504 | 16212 | 34894 | 34952 |
-

Sieve size
(mm)




Results and Discussion (8)

The percentage of fine and coarse mode transported at the
end of each test are 38 % and 40 % for Test 1 and 52%
and 31 % for Test 2 respectively

Bedload transport Mass and proportion of mode

Experiment _ ‘\sc
es | R

Test 2 6 hours) . 0 16 334 83 52 b1 199 44 31 28
- First 3 hours . 023 | 24466 | 3837 | 15404 | 24.16 ,f"
- Last 3 hours . 0.08 90.16 | 14.14 | 45.34 I, 12



Conclusion (1)

A considerable amount of grains in both fine and coarse
mode were transported during the initial stages of
experiments. The amount of transported bedload during
the first three hours is almost similar regardless of the
total duration of the experiment. Intense degradational
processes occurred during these periods with the
proportion of grains in fine mode was more dominant
than grains in coarse mode

Stable armoured bed had been achieved after three hours
of flow exposure. This clearly indicated by a considerable
decrease in bedload transport during the second period of
three hours in which a very low and constant transport
rates took place. The grains in fine mode were better
sheltered after three hours so that the rates dropped in
the remaining hours. The diminishing supply reflects the
bed stabilization as the armouring process continued




Conclusion (2)

The coarsening process of bed surface occurred during the
tests as indicated by the domination of grains in the fine
mode in the total transported bedload. At the end of the
tests the estimated compositions of surface layer were
coarser than the original composition of bed surface

The grain size distributions analysis of transported ¢
bedload at all time elapsed suggest that the proportion of
fine mode was relatively stable and the modal grain size of
this mode experienced a similar pattern throughout the
tests whilst coarse mode was inconsistent and varied
periodically




Recommendation

Experiment with longer duration of
constant flow rates will hopefully
provide information on whether the
bed stability increases to some extent
as the time progressed or may be
destabilised and contribute to a
considerable transport rate after longwmun

and continuous expose by the flow
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