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The volume of sediment transport rate during floods is one of the important
issues in river engineering. This volume of sediments has caused countless
damages to the hydraulic structures which are built along the rivers, every
year. The purpose of this study was to investigate the effects of hydrograph
unsteadiness parameter on bedload transport rate. For this purpose, a real
unsteady flow hydrograph was created inside a 15 m long tilting flume by
installing an interface board between the computer and the pump inverter.
20 cases of hydrographs with different unsteadiness parameters were tested
and the scour rate was obtained during the hydrograph time. The results
indicate that the maximum scouring rate always occurs near the peak of the
flood hydrograph and the time lag between them was positive. For
hydrographs with the same peak and different base time, the maximum
scouring rate occurs in the hydrograph with more unsteadiness. The
maximum scouring rate of the bed has a direct relationship with the
unsteadiness parameter, and it can be said that an 88% decrease in the flow
unsteadiness parameter leads to a 76% decrease in the maximum bedload
rate. Also, the scour rate in the ascending limb of the hydrograph is higher
than the descending limb, which by reducing the unsteadiness parameter,
the distance between the limbs in the sediment hysteresis diagram
decreases.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

morphology in the future. In present research, the
mechanism of sediment transport and scouring

Natural rivers experience significant sediment
transport rates during flood events. Ongoing
statistical data collected by the Dartmouth Flood
Observatory indicates that the number of extreme
flood events is increasing worldwide due to
climate change. So, natural rivers globally are
likely to experience more dramatic changes to
bulk sediment transport and channel bed
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rate in rivers has been investigated by modeling
natural conditions in a laboratory channel by
creating real flood hydrographs.

Material and Methods

The experiments were performed in a 15 m long
tilting flume with glass walls and rectangular
cross section of 0.5 m high and 0.3 m wide. The

ol (owdige 5 S jlan

Vol. 9, No. 3, 2023

-
Qs
EWE

VE-Y 5l o o)lass @ 690


https://doi.org/10.22034/jewe.2022.332978.1741
https://portal.issn.org/resource/ISSN/2476-3683
http://www.jewe.ir/
mailto:aghazadehb@znu.ac.ir
http://creativecommons.org/licenses/by/4.0/

YAD

Investigation of Bed Scouring Rate

flume is located in the Advanced Hydraulic
Laboratory of Urmia University. All the
experiments were conducted at a bed slope of
0.003. Sediment particles used in this study were
provided from Firoozkooh sand company having
dso = 2.69 mm and o, = 1.17. Prior to the
experimental run, the sediment bed with 10 cm
thickness was scraped flat using the screed board
installed on the channel. To initially saturate the
sediment bed, the downstream tailgate was used,
and the pump was switched on with a flow rate
of 3 lit/s. Once the sediment bed was fully
saturated, the flow rate increased gradually to the
base flow (i.e., 15 lit/s) and at the same time the
downstream tailgate was opened to eliminate the

backwater effects and set-up a steady, uniform
flow condition along the channel. Then a
hydrograph applied to the flume by using an
interface board between the computer and the
pump inverter. 20 cases of hydrographs with
different unsteadiness parameters were tested and
the scouring rate was obtained during the
hydrograph time in 10-minute intervals. The full
characteristics of the test Hydrographs are given
in Table 1. In which Qu,, Q, are the hydrograph
base flow and peak flow rate, AT is the duration
of the hydrograph, I'mg is the unsteadiness
parameter for unsteady flow, Wy is the total flow
work done on the bed and m is the shape
parameter of hydrograph.

Table 1 Characteristics of tested flood hydrographs

Series Test Qb (m¥/s) Qp (m¥/s) AT (s) Tye (x10%) Wy n
UAI-1 0.015 0.045 10800 2.02 144.81 1
UAIL-2 0.015 0.045 10800 2.04 145.23 1
UA2-1 0.015 0.04 12600 1.44 145.62 1
UA2-2 0.015 0.04 12600 1.41 149.08 1
Series] UA3-1 0.015 0.035 15600 0.896 145.00 1
UA3-2 0.015 0.035 15600 0.903 144.66 1
UA4-1 0.015 0.03 20000 0.522 146.85 1
UA4-2 0.015 0.03 20000 0.513 147.29 1
UAS5-1 0.015 0.025 30000 0.24 150.41 1
UAS5-2 0.015 0.025 30000 0.233 149.80 1
UBI1-1 0.015 0.045 5400 4.05 69.32 1
UB1-2 0.015 0.045 5400 4.03 69.03 1
UB2-1 0.015 0.040 6300 2.89 69.44 1
UB2-2 0.015 0.040 6300 2.93 69.77 1
UB3-1 0.015 0.035 7800 1.79 69.48 1
Series2  UB3-2 0.015 0.035 7800 1.85 69.41 1
UB4-1 0.015 0.03 10000 1.04 69.73 1
UB4-2 0.015 0.03 10000 1.1 69.52 1
UBS5-1 0.015 0.025 15000 0.48 68.96 1
UBS5-2 0.015 0.025 15000 0.477 69.07 1
Results indicates an obvious clockwise loop. This means

The cumulative bedload yield curves are
basically S-shaped in unsteady flow conditions,
while in steady flow, cumulative bedload yield
curves are in a straight line. The curves of the
lower peak-flow runs are closer to straight lines;
therefore, it can be said that the behavior of
sediment particles in low-intensity hydrographs
is almost like the steady flow. Bed scouring rate
basically increased in the ascending limb of the
hydrograph and decreased in the descending
limb. In the ascending limb of the hydrograph,
the positive wave increases the shear velocity
and consequently the bed shear stress increases.
In all cases, the sediment hysteresis diagram
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that the scouring rate for a given flow, in the
ascending limb of the hydrograph is greater than
the descending limb. The distance between
ascending and descending limbs in the sediment
hysteresis diagrams has been reduced from UAI
to UAS, respectively. The movement of bed
sediments was in the form of sand dunes and the
size of dunes basically increased during the
rising limb and decreased during the falling limb
of the hydrograph. The maximum scour rate is
directly related to the unsteadiness parameter.
So, the scour rate is increased as the base time of
the hydrograph is decreased. Figure 1 shows the
effects of unsteadiness parameter on normalized

u‘wd‘.‘.@{ojw).{a_m

Vol. 9, No. 3, 2023

(P

EWE

\\C’YﬁLisYlo) VIR 0,99


SAMSUNG
Typewritten text
385


Aghazadeh Qharebagh et al. 2023

bedload yield (W) for UA (unsteadiness
parameters series A) and UB (unsteadiness
parameters series B) experiments.

A UA Series Wk=145 r 100000
® UB Series Wk=65.5 C
A
R .
. °.9" -
ye® - 10000 ¥
- : =
. - T T 1000
1.00E-05 1.00E-04 1.00E-03
I'HG

Fig. 1. Effect of unsteadiness parameter on
normalized bedload yield changes (UA and UB
experiments)

According to Fig. 1, the power relationship
between the hydrograph unsteadiness parameter
(Tye) and the normalized bedload yield (W) is
obtained for UA and UB experiments.

The combined hydrograph parameter ¢ =
Wi Tye%?® is defined in this study. The
normalized bedload yield changes (W) in terms
of the combined hydrograph parameter (&).

Conclusion

According to the experimental investigation and
discussion of the obtained results, the main
conclusions are given as following:

Environment and Water Engineering

1. Unsteady flow relationships should be used to
investigate scouring in sharp hydrographs and
the use of steady flow relationships for this type
of hydrographs comes with a lot of errors.

2. The maximum scouring rate always occurs
near the peak point of the flood hydrograph and
the time lag between them is positive.

3. The scouring rate in the ascending limb of the
hydrograph is higher than of the descending
limb, whereby reducing the unsteadiness
parameter, the distance between the limbs in the
sediment hysteresis diagram decreases. Changes
in bedload transfer rate in terms of flow rate
indicates a clockwise hysteresis over the
hydrograph duration.

4. The combined parameter of the hydrograph
and the normalized bedload yield are directly
related to each other.

5. The scouring rate is directly related to the
unsteadiness parameter and by 88% reduction of
the flow unsteadiness parameter, and the
maximum bedload rate value is reduced by 76%.

Data Availability
The data used in this research can be sent by
the corresponding author via email.
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Tye

Series Test Qb (m’/s) (n%?s) ?; (*107%) Wy n
UAL-1 0.015 0.045 10800 2.02 144.81 1

UAL-2 0.015 0.045 10800 2.04 145.23 1

UA2-1 0.015 0.04 12600 1.44 145.62 1

UA2-2 0.015 0.04 12600 1.41 149.08 1

Series 1 UA3-1 0.015 0.035 15600 0.896 145.00 1
UA3-2 0.015 0.035 15600 0.903 144.66 1

UA4-1 0.015 0.03 20000 0.522 146.85 1

UA4-2 0.015 0.03 20000 0.513 147.29 1

UA5-1 0.015 0.025 30000 0.24 150.41 1

UAS5-2 0.015 0.025 30000 0.233 149.80 1

UBI-1 0.015 0.045 5400 4.05 69.32 1

UBI1-2 0.015 0.045 5400 4.03 69.03 1

UB2-1 0.015 0.040 6300 2.89 69.44 1

UB2-2 0.015 0.040 6300 2.93 69.77 1

Series 2 UB3-1 0.015 0.035 7800 1.79 69.48 1
UB3-2 0.015 0.035 7800 1.85 69.41 1

UB4-1 0.015 0.03 10000 1.04 69.73 1

UB4-2 0.015 0.03 10000 1.1 69.52 1

UBS5-1 0.015 0.025 15000 0.48 68.96 1

UB5-2 0.015 0.025 15000 0.477 69.07 1
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