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Introduction

The erosion of the deposited cohesive sediments by flow is a complex phenomenon. In general,
hydraulic transmission of fine-grained sediments include depositional processes, consolidation and
erosion. Cohesive sediments caused by physical-chemical effects on particle surfaces due to their
strong ionic surfaces tend to form masses of low density or flocs. Depending on the conditions of the
flow and resistance of the sedimentary masses, the erosion of sediments can occur in three different
forms of floc, superficial and massive states (Mehta, 1991; Winterwerp and van Kestern, 2004). This
study focuses on the effect of consolidation time on erosion rate of the deposited cohesive sediment in
an annular experiment flume.

Methodology

In this work, sediment samples were taken from a small reservoir dam located in north Karun basin,
Iran. First, the cohesive sediment samples were prepared using sediments passing from standard sieve
ASTM No. 200. In order to study the process of sedimentation and consolidation of the sediments,
deposition column tests with three different initial concentrations (including 200, 300 and 400 g/I)
were carried out for the consolidation times of 1, 3, 14, and 28 days. It was observed that at
concentrations of 200, 300 and 400 g/l, after 24, 96 and 24 hours, respectively, the depth of sediments
approached to a constant limit. This indicates that after 96 hours, the concentration of sediments and
the initial depth of deposition do not have significant effects on the rate of consolidation. In order to
investigate the consolidation time on the erosion threshold shear stress, the consolidation times of 1,
3, 14 and 28 days were considered. Also, because of different consolidation stages, concentrations
greater than 300 g/l resulting in a deposition depth of 10.6 cm were found to have little effect on
consolidation due to sediment weight. Accordingly, the depth of sediment was considered 10 cm in the
main experiments. Linear interpolation method was employed to have 10 cm height of deposited
sediment in the annular flume and the initial concentration of the used mixture of water and sediment
to fill the flume for consolidation times of 1, 3, 14 and 28 days were found to be 279, 283, 289 and 291
g/l, respectively. Before starting the process of sedimentation and consolidation of the sediments, flume
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and ring were inversely rotated in a maximum rotational speed for 20 minutes to process the mixture.
After finishing the desired consolidation time, the erosion experiments were carried out with four shear
stress values in such a way that after applying the first shear stress and reaching the concentration of
the eroded sediments to equilibrium, with subsequent increasing of speed of the flume and ring,
subsequent shear stresses were applied. In all experiments the shear stress was changed at four stages
in all of which the shear stress was kept at a constant value. The values for applied shear stress in four
stages were considered 0.11, 0.42, 0.96 and 2.19 N/m2 and the values for time duration of each stage
were considered 60, 60, 60 and 240 minutes, respectively. During the experiment, suspended sediment
samples were taken via small valves installed at four different levels of the flume. It is necessary to
explain that the hydraulic parameters of the flow flume and the ring at different rotation speeds were
measured using an Acoustic Doppler Velocimeter (ADV).

Conclusion

The results show that with increasing shear stress the difference in the concentration of eroded
sediments in different periods of consolidation increased. In the one-day consolidation period, after
applying the second shear stress, the concentration of suspended sediments increased rapidly.
However, for periods of 3, 14 and 28 days, sediments had more resistance to erosion and re-suspension.
In the fourth shear stress, the concentration of eroded sediments with a consolidation period of three
days increased more than consolidation periods of 14 and 28. It is also clear that the concentration of
eroded sediments is very close to each other at periods of 14 and 28 days to the end of the experiment.
This is similar to that of the deposition column tests, which shows that there is no significant difference
between the rate of consolidation in the periods of 14 and 28 days. In addition, the changes in the
eroded sediments during these two consolidation periods follow a uniform and similar pattern, but in
one-day period consolidation, when applying the shear stress of 0.42 N/m?, concentration of suspended
sediments increased and when applying the shear stress of 0.96 N/m?, concentration of eroded
sediments increased suddenly. This can be attributed to a change in the erosion phenomenon.

At periods of 14 and 28 days, the shear stress increase the concentration of sediment up to the end
of the test gently. This is true for sediments with consolidation period of 3 days prior to the application
of the fourth shear stress, and thereafter an increase in concentration is observed. This increase in
concentration can be considered similar to the one-day period in applying second shear stresses.
Accordingly, the purpose of the change in the erosion phenomenon can be interpreted as follows that
in periods of 14 and 28 days, as well as the three-day period to the applying fourth shear stress, erosion
is superficial. However, the fourth and second shear stresses, for three and one-day periods of
consolidation, respectively, change the type of erosion from superficial to subsurface erosion. Also,
the application of the third shear stresses in one-day sediments leads to the separation of particles with
larger masses. Because in larger shear stresses, the deposited sediment particles could not to resist
against the power of turbulent flow, massive erosion from the bed surface was occurred.

Furthermore, with respect to the average concentration of suspended sediments in each shear stress,
the relationship between these values and the shear stresses of flow for different consolidation periods
was established. Based on this relationship, the hydraulic conditions of the threshold of erosion of
sediments with different consolidation periods were obtained and described in Table 1. The results
indicate a logarithmic relationship between the shear stresses of the erosion threshold and the
consolidation time of bed sediments. The relation shows this issue.

Table 1- Erosion of threshold of shear stress at different consolidation times

Consolidation Time (day) 1 3 14 28
Er03|;)n of Threshold of Shear Stress 0.15 0.62 0.83 111
(N/m?)

Erosion Threshold of Velocity (m/s) 0.15 0.32 0.35 0.39

Froude Number 0.11 0.23 0.25 0.28
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Investigating the rate of erosion of sediments shows that this parameter is inversely related to the
consolidation time. It was also observed that immediately after increasing the shear stress of the flow
the erosion rate also increased, and by applying the next shear stress, this trend decreased, too.
According to the amounts of erosion rate, it was found that for consolidation periods of 1 to 28 days,
61.9%, 16.33%, 5.84% and 1.68% of sediments were eroded, respectively. The values of the erosion
rate at the time interval applied to each shear stress indicate that the trend of changes in the
consolidation periods of 3, 14 and 28 days were similar and with increasing shear stress, the erosion
rate also increased. For sediments with a consolidation of one day, however, there was an increase in
erosion rate until third shear stress (0.96 N/m?) and after applying fourth shear stress (2.19 N/m?)
erosion rate decreased.
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Fig. 2- The Annular Rotating Flume
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Fig. 3- The relative sediment sample height, H/Ho, versus elapsed time in different experiments of
consolidation.
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Table 2- Time and Bed Shear Stress Steps and Corresponding Ring and Flume Speeds Used in
the Plane Bed Erosion Experiments

Time (minute) 0-60 60-120 120-180 180-240 240-420
(Rrg:;t;lon speed of flume and ring 18 274 391 6.18 987
shear stress (N/m?) 0.23 0.31 0.41 1.13 2.35
Velocity (m/s) 0.09 0.14 0.2 0.34 0.42
Froude’s Number 0.06 0.1 0.14 0.24 0.3
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Fig. 6- The bed shear stress as the function of average of sediment concentration with different
consolidation times.
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Table 3. Critical shear stress and critical velocity for erosion in different consolidation times

Consolidation time (day)

1 3 14 28

Critical shear stress of erosion (N/m?)

Critical velocity of erosion (m/s)
Froud Number

0.29 0.66 0.9 1.12
0.13 0.25 0.3 0.33
0.19 0.35 0.42 0.46
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Fig. 7- Relation changes between shear stress of erosion threshold and consolidation time.
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