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Abstract 

Erosion significantly contributes to the instability of riverbanks. The current study considers the issues of instability and 

erosion that plague the banks of the Al-Muwahada channel. It was a large irrigation channel located west of Baghdad, Iraq. 

A laboratory flume was constructed to gain a comprehensive understanding of the erosion process on riverbanks. This 

flume serves as a scaled-down replica of the Almowahada channel. The main structure of the flume consists of a 3-meter 

steel construction with dimensions of 1 meter in width and 0.6 meters in height. In order to reduce the high flow velocity, 

it was periodically linked to quieting tanks with dimensions of 1 meter in width, 1.5 meters in height, and 0.4 meters in 

thickness. The flume's sidewalls are constructed with plexiglass that is 4 mm in thickness. Furthermore, a water reservoir 

with a capacity of 1800 liters was introduced into the flume. A riverbank was constructed with two slope angles, one at 

45º and the other at 60º. The bank was then subjected to five different velocities. The experimental results indicate the 

velocity of flow and slope angle of the riverbank are the primary factors that influence the stability of the riverbank. The 

tipping point between erosion and deposition rises increasingly as the flow velocity increases. The majority of the sediment 

at the bottom, particularly on the near side of the bank, is the result of bank erosion. As the slope angle of the riverbank 

approaches 37°, it becomes more stable. The erosion-induced deformation in the riverbank with a slope angle of 45º is 

greater than that in the riverbank with a slope angle of 60º. The investigation demonstrated that the 45° angle is more 

susceptible to erosion caused by the flow velocity than the 60° angle. 
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1. Introduction 

Soil erosion on riverbanks is the result of the water's ability to remove or wear away soil from the banks of a river. 

There are numerous factors that can contribute to this, including the volume and velocity of the river's water flow, the 
type of rock or sediment that composes the riverbank, and human activities such as deforestation or construction adjacent 
to the river [1]. Widening of the river channel, land loss, ecosystem devastation, and even changes in the river's course 
can all result from erosion. Although erosion is a natural process that happens over time, human activity can increase it 
and hasten its pace. There was aggradation downstream of the test segment and leveling of the entire cross-section at 
the end of the test section. On the other hand, in the instance of the vegetated riverbank, the initial bank profile remained 

nearly the same at the same upstream sand pit and flow discharge [2]. The pit region exhibits an increase in bed particle 
mobility in the downstream and downward directions of the longitudinal turbulent kinetic energy fluxes and the vertical 
turbulent kinetic energy fluxes for both the inner and outer layers. In contrast, the bed particle mobility is only present 
in the inner layer at the upstream section. A modified equation for bed load transmission has been established to account 
for the geometry of pits in alluvial channels impacted by sand mining [3]. There are several strategies to stop or lessen 
erosion along riverbanks, such as growing vegetation to stabilize the soil, building revetments or riprap to protect the 
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bank, and enacting laws to restrict activities that worsen erosion. To save property, infrastructure, and the environment, 
it is crucial to control riverbank erosion. 

Abbass et al. [4] and Julien [5] mentioned that the current global landscape is a result of ongoing natural processes 
of sedimentation and erosion that have occurred throughout geological time. Riverbank erosion leads to the degradation 
of the riverbed and the discharge of sediment into the receiving water body. Factors such as sediment deposition during 

high flows, soil fall from upper bank sections onto lower erosion pins, soil surface loosening, soil mass expansion and 
contraction caused by temperature and moisture content changes, movement of the erosion pin within the bank, and 
human interference are all considered [6]. The movement of water would cause the bed form and riverbank particles to 
separate from their interlocking. At the downstream portion of a river segment, the transportable particles would then 
begin to travel and deposit. Inadequate monitoring programs could lead to serious environmental and engineering issues 
in this process. According to the past research, two major agents of erosion were found: water and wind [7, 8].  

Water is often regarded as the primary cause of soil erosion on a worldwide level. One facet of water's influence as 
an agent is the degradation of seashores, landforms, and river basins. Soil is eroded by water and delivers soil particles 

from higher elevations to places with lower elevations, causing soil erosion. Water has been identified as a significant 
cause of soil erosion, in comparison to wind [9, 10]. Soil erodibility, or the ability of soil to withstand erosion, is a 
property that is largely dependent on several variables, including organic matter content, infiltration levels, and soil 
structure. Riverbank erosions may cause sediment to build up, which exacerbates issues with river pollution. The rate at 
which sediments flush depends on the flow rate of the river. The interaction of velocity, bed form characteristics, and 
kinetic energy at the riverbed strongly predicts the beginning of sediment movement [11]. Researchers have spent the 

last decade studying cohesive soil and developing different formulas for critical shear stress that consider mechanical, 
chemical, biological, and environmental aspects that were given extra consideration [12, 13]. A few indices were created 
to relate the stability of riverbanks to erosions rather than a critical shear stress. The most noteworthy contributions to 
the development of the index were made by Maatooq & Hameed [14] and Kimiaghalam et al. [15]. A comprehensive 
comprehension of the river basin management process is necessary to elucidate the physical characteristics of rivers. An 
evaluation of the river planform, floodplain land cover, and geometry is necessary to understand the river's 

hydrodynamics and biological functions. Soil erosion refers to the deliberate disintegration of soil structure caused by 
the forces of wind and water. There are three types of features as: 

 Sheet erosion: The most common and less damaging erosion. 

 Rill erosion: This type of erosion can be classified as a moderate type of erosion and ranges between sheet and 

gully. The soil erodes downward and may extend into the subsoil, leading to a gully in a short time. 

 Gully erosion: The most erosive process compared to sheet and rill erosion. Gully mostly causes a great amount 
of soil loss and then contributes to shaping the earth's surface (see Figure 1) [16]. 

 

Figure 1. Types of erosion features (a) sheet erosion (b) rill erosion (c) gully erosion 
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The data indicate that the rate of bank erosion varied both vertically and along the channel, and that there was no 

correlation between local bank erosion and any hydrodynamic parameter [17]. The present study investigates the extent 

to which erosion affects the riverbank when it is subjected to varying flow velocities and a 45° and 60° slope angle in a 

laboratory environment. 

2. Experimental Work 

This study aims to investigate the state of the Al Muwahada channel and determine the factors that contribute to the 

instability and erosion of its banks. The Al Mowahada Channel, a substantial irrigation channel situated to the west of 

Baghdad, Iraq, it receives water from the Euphrates River upstream of the al-Fallujah barrage. The Al Mowahada 

Channel is used as the case study for this paper. The case is to be studied in the laboratory by simulating the channel's 

dimensions and the flow state. The geometric feature of the channel is characterized by a maximum water depth of 5 

meters, a minimum water depth of 1.35 meters, a bottom width of approximately 20 meters, and a top width of 40 meters 

(Figure 2). The maximum and minimum discharge rates are 140 and 35 m3/s, respectively. The water table frequently 

fluctuates between 1.35 and 5 m as a result of the functional mechanism of the channel, increasing to 5 m for five days 

and then descending to 1.35 m for an additional five days [18]. The phase of dropping is illustrated in Figure 3. 

 

Figure 2. Design geometry of prototype channel 

 

Figure 3. Slope instability of the channel bank during dropping period 

2.1.  Laboratory Flume 

The experimental investigations were conducted using a laboratory flume. The flume was being manufactured to 

create a physical model that more closely resembles the natural channel under controlled conditions. The main structure 

of the flume is a steel frame with dimensions of 3 m in length, 1 m in width, and 0.6 m in height. It also periodically 

connects to quieting containers that are 1 m wide, 1.5 m high, and 0.4 m thick to dissipate the high flow velocity. The 

sidewalls of the flume are constructed from Plexiglas that is 4 mm thick. A water storage tank of 1800 liters was also 

incorporated into the system of flume to conserve flow water. The pumping apparatus was connected to the flume using 

a four-inch diameter pipe. Water is pumped into a flowmeter (Rotameter type) by a three-horsepower pump, which then 

measures the discharge inputs to the quieting tank (Figure 4). The dimensions of the flume are determined by modeling 

the actual dimensions of the original channel (prototype). The geometric similarity entails that the ratios of the prototype 

characteristic lengths to the model lengths are Lr equal to 1/45. The Froude number of the prototype must be equivalent 

to the Froude number of the model to confirm the validity of the modeling [19]. 
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Figure 4. Laboratory flume 

The rectangular, fully contracted, sharp-crested weir, as illustrated in Figure 5, was used to conduct the calibration 

procedure for the flow meter device [20]. By simultaneously operating the weir and the flow meter and recording 10 

readings for each. The actual discharge of the flow meter (Q flow meter) was then plotted, and the regression equation that 

follows is the result of the calibration illustrated in Figure 6. 

Qactual= 0.7535 Qflow meter+1.6032 (1) 

where Q actual is the discharge of weir. 

 

Figure 5. Rectangular fully contracted sharp crested weir (all Dimensions in cm) 

 

Figure 6. Calibration curve of the flow meter 
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2.2. Material and Methods 

The flume model was designed to accurately replicate field conditions and parameters in a laboratory environment. 

To construct the riverbank in a laboratory environment, the original bank soil of the Al-Mowahada channel is being 

used, with the essential soil properties, embankment geometry, and water table within the embankment factors 

considered. A borehole was excavated at a depth of 12 meters to investigate sediments along the riverbank, as illustrated 

in Figure 7. Both the flow rate and the water depth in the laboratory flume were under control. The investigation involves 

the simulation of a model in a flume to conduct laboratory tests, as partially illustrated above. Finally, construct 

riverbanks with a slope angle of 45º and 60º, as illustrated in Figures 8 and 9. The water content, dry unit weight, and 

specific gravity of the soil are all taken into consideration. 

 

Figure 7. Soil investigation of the embankment 

 

Figure 8. Geometry of bank in Lab. flume with 45̊ slope angle and p1, p2, and p3 are piezometers (dimensions in cm) 
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Figure 9. Geometry of bank in Lab. flume with 60° slope angle and p1, p2, and p3 are piezometers (dimensions in cm) 

2.3. Preparation of Soil 

The soil preparation was the most critical aspect of the work in the laboratory. It was divided into four stages as 

follows: 

Stage 1: Soil sampling: A soil sample was collected from a location on the bank channel side that was in contact 

with the failure region, 1.5 meters below the surface and 0.5 meters above the bank soil's uppermost stratum. The upper 

stratum consisted of five meters of silty sand soil. Soil is dried by spreading a sample of soil on a nylon sheet that has 

been enveloped in a single, approximately 10-cm-thick layer and allowed to air dry. 

Stage 2: Gradient of soil: To ensure that the gradient in the soil sample remains constant. The soil sample was 

crushed using an iron rod and subsequently filtered using a 4.5 mm filtration equipment. 

Stage 3: Soil water content: The soil water content in the laboratory should be identical to the actual conditions. The 

sample's water content decreased to 13% after the soil was air-dried, where the soil layer's field water content is 32.7%. 

To achieve the field water content of soil samples, a specific volume of water must be introduced. The weight of the soil 

sample after multiple attempts indicates that the required water ratio is 25.2% [21, 22].  

Stage 4: Riverbank configuration: the dimensions of the bank are shown in Table 1. 

Table 1. Geometry of the laboratory model of bank 

Slope angle of bank (˚) Length of bank (cm) Width of bottom (cm) Width of top (cm) Height (cm) 

45 200 77.5 47.5 30 

60 200 77.7 60.18 30 

3. Experimental Setup 

A laboratory riverbank was constructed at an angle of 45 degrees and 60 degrees with silty sand soil to conduct the 

studies on erosion. The experiments examined five different water velocities, starting with the minimum velocity of 

water of the prototype channel and ending with the maximum velocity of it. Table 2 displays the laboratory angles and 

their related experiment velocities, which were modeled based on the actual velocities observed in the field.  

The deformation of embankment was observed at three-hour intervals, and this process was repeated for a duration 

of 12 hours for each velocity. The monitoring was conducted by measuring the erosion in the cross-section of the bank 

using laser scanner at two stations along the flume. The first station was located 120 cm from the inlet of the flume, 

while the second station was located 170 cm away. The flume glass walls are impervious barriers; hence they do not 

accurately replicate the bank's behavior in the field. Thus, to accurately replicate reality, a water drainage system within 

the bank is employed to remove seepage and establish a non-horizontal phreatic line across the bank. The function of 

this system is to create a negative pressure at the end of the tube that is greater than the positive pore pressure in the 

bank while the flume is operating. The drainage system utilized gravity to create a suction force inside the bank, allowing 

water to be withdrawn without the need for piping. 
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Table 2. The laboratory angles and corresponding velocities of the physical models 

No. Angle 
Velocity (m/s) 

EXP.1 EXP.2 EXP.3 EXP.4 EXP.5 

1 45° 0.101 0.116 0.12 0.13 0.135 

2 60° 0.101 0.116 0.12 0.13 0.135 

4. Results and Discussion 

This section will provide a detailed discussion on the effect of flow velocity and slope angles of 45° and 60° on the 

stability of the stream bank. 

4.1. Riverbank Erosion at a Slope Angle of 45° 

The evolution and mutual adaptation of the flow of the river along its banks and the sediment conditions lead to 

changes in the riverbed and its landform. The study findings indicate that the slope angle, flow velocity, and soil type 

are the primary factors that significantly influence riverbank erosion. The riverbank underwent a continuous 

transformation due to the increase in flow velocity at a constant slope angle. The alteration in the bank's configuration 

became evident during the initial three hours of the experiment, when the flow velocity reached 0.101 m/s. The lower 

third part of the bank base accumulated significant amounts of deposited sediments. Over time, the deformation 

gradually acquired a more streamlined form. The tipping point between erosion and deposition was centered 

approximately at the upper end of the lower third of the bank, as shown in Table 3 and Figure 10-a. The figure indicates 

that the ends of the curves begin to decrease due to the deformation of the channel cross section with a constant discharge. 

This behavior leads to a change in the depth of the water in the channel and the effect of erosion transfer from the water 

surface level at 12.1 cm to 11.4 cm approximately. The negative sign in the tables indicates the value of deposition, 

while the positive sign indicates erosion. 

Table 3. Deformation of riverbank for a velocity of 0.101 m/s with slop angle 45° (in cm) 

Bank scan prior to operation Bank scan after operation Deformation 

0.33 0.90 0.57 

0.00 2.05 2.05 

0.55 3.20 2.65 

2.45 3.70 1.25 

4.65 5.00 0.35 

6.65 6.65 0.00 

8.55 8.40 0.15 

10.50 9.85 0.65 

12.80 10.80 2.00 

When the flow velocity reached 0.116 m/s, the natural of erosion has been changed, resulting in an increase in the 

amount of sediment. Furthermore, the tipping point between erosion and depositions was increased and concentrated at 

5.2 cm from the channel bed. The increase in flow velocity resulted in an increase of the drag force exerted on soil 

particles and an increase in the magnitude of shear stress, so causing an increase in erosion in the upper part of the bank. 

The increase in the drag force and shear stress in the friction zone between the soil of bank and the flow sheet leads to 

the lifting of larger soil particles. The particles, because of their significant mass, do not continue their movement and 

settle at a close distance from where they were uprooted. The bank's overall shape following the end of the experiment at 

37° is formed as illustrated in Table 4 and Figure 10-b. 

Table 4. Deformation of riverbank for a velocity of 0.116 m/s with slop angle 45° (in cm) 

Bank scan prior to operation Bank scan after operation Deformation 

0.00 0.90 -0.90 

0.20 2.25 -2.05 

0.75 3.30 -2.55 

2.65 3.85 -1.20 

4.85 5.05 -0.20 

6.85 6.65 0.20 

8.75 8.45 0.30 

9.95 10.00 -0.05 

13.00 11.55 1.45 
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At a velocity of 0.12 m/s, the erosion process became more consistent, and the tipping point between erosion and 

deposition also increased, as depicted in Table 5 and Figure 10-c. 

Table 5. Deformation of riverbank for a velocity of 0.12 m/s with slop angle 45° (in cm) 

Bank scan prior to operation Bank scan after operation Deformation 

0.00 1.90 -1.90 

0.20 3.10 -2.90 

0.75 3.65 -2.90 

2.65 4.35 -1.70 

4.85 4.95 -0.10 

6.85 6.75 0.10 

8.75 8.60 0.15 

9.95 10.60 -0.65 

13.00 10.75 2.25 

For a velocity of 0.13 m/s, at a depth of 6.2 cm, the tipping point between erosion and deposition moved to the top. 

The tipping point between erosion and deposition increases as the flow velocity increases. The inclination angle of the 

riverbank was altered from 45° to approximately 37° to serve as a reminder that the flume is straight. The deformation 

and morphological changes are illustrated in Table 6 and Figure 10-d. 

Table 6. Deformation of riverbank for a velocity of 0.13 m/s with slop angle 45° (in cm) 

Bank scan prior to operation Bank scan after operation Deformation 

0.00 1.75 -1.75 

0.20 2.85 -2.65 

0.75 3.60 -2.85 

2.65 4.10 -1.45 

4.85 6.00 -1.15 

6.85 6.85 0.00 

8.75 8.40 0.35 

10.9 10.55 0.35 

13.00 12.50 0.50 

At a velocity of 0.135 m/s, the deposition continues to increase, and ripples develop at the bottom of the channel. 

The most amount of sediment observed at the bottom of the bank, particularly close to the side of the bank, is a result 

of bank erosion. As shown in Figure 10-e, for a velocity of 0.135 m/s, it appears that the shape of the bank gradually 

approaches the actual configuration of the original channel. This can be seen in Table 7 and Figure 10-e, specifically 

during the last three hours of operation. 

Table 7. Deformation of riverbank for a velocity of 0.135 m/s with slop angle 45° (in cm) 

Bank scan prior to operation Bank scan after operation Deformation 

0.00 4.10 -4.10 

0.20 4.60 -4.40 

0.75 5.10 -4.35 

2.65 4.85 -2.20 

4.85 5.30 -0.45 

6.85 5.60 1.25 

8.75 7.20 1.55 

10.9 8.95 1.95 

13.00 12.45 0.55 
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Figure 10. Behavior of riverbank soil under effect of flow velocity with 45º slope angle 

4.2. Riverbank Erosion at a Slope Angle of 60° 

As previously mentioned, the objective of each experiment has been to demonstrate the effect of the flow velocity, 

soil type, and bank slope angle on the stability of the riverbank under the effect of erosion. This section involves the 
results of an erosion test that was conducted on a riverbank with a slope angle of 60°. The flow velocity exhibited 
variability in ascending order during the five trials conducted at this angle. The first experiment was conducted at a flow 
rate of 0.101 m/s for a duration of 12 hours. Measurements were recorded at two sites along the flume at three-hour 
intervals. The friction between the water sheet in contact with the bank and the soil particles of the bank had an impact 
on the behavior of the bank. When the bed shear velocity value is scarcely greater than the critical value of initiation of 

motion, the bed material particles will remain in constant contact with the bed and roll and/or slide [20].  

As illustrated in Table 8 and Figure 11-a, in the first three hours, the amounts of eroded soil were in equilibrium with 
the deposited soil in the bank. The reason for the drop in water velocity as it approaches the bottom of the channel is the 
location of the dividing point between the sedimentation and erosion processes, which is 6 cm from the bottom. Large 
soil particles fall to the bottom of the channel due to momentum loss. 
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Table 8. Deformation of riverbank for a velocity of 0.101 m/s with slop angle 60° (in cm) 

Bank scan prior to operation Bank scan after operation Deformation 

0.00 2.60 -2.60 

0.00 3.70 -3.70 

3.40 5.15 -1.75 

6.35 6.15 0.20 

8.50 6.85 1.65 

9.55 7.80 1.75 

11.75 8.60 3.15 

13.40 9.25 4.15 

14.80 10.35 4.45 

 

  

  

 

Figure 11. Behavior of riverbank soil under effect of flow velocity with 60º slope angle 
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The sedimentation area at the toe of the bank recedes when the flow velocity increases to 0.116 m/s, and the quantity 

of erosion increases directly (Figure 12). The tipping point between erosion and sedimentation exceeded the previous 

point and approached a depth of 6.25 m from the bottom of the channel (see Table 9 and Figure 11-b).  

    

Figure 12. Erosion of the channel bank with slop angle of 60° 

Table 9. Deformation of riverbank for a velocity of 0.116 m/s with slop angle 60° (in cm) 

Bank scan prior to operation Bank scan after operation Deformation 

0.0 2.65 -2.65 

0.0 4.00 -4.00 

3.40 5.50 -2.10 

6.35 6.60 -0.25 

8.50 7.10 1.40 

9.55 7.80 1.75 

11.75 8.60 3.15 

13.40 9.45 3.95 

14.80 10.35 4.45 

16.80 11.30 5.50 

18.80 13.65 5.15 

20.80 16.40 4.40 

Table 10 and Figure 11-c illustrate the behavior of the bank, which was subjected to a flow velocity of 0.12 m/s. The 

deformation of the channel bank produces a new angle that is more stable than the present bank angle and approaches 

the 45° angle. The collapse occurs because of tension cracks that develop on the surface of the bank as a result of the 

shoulder's prolonged exposure to flow, as illustrated in Figure 13. 

 

Figure 13. Tension crack phenomenon 
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Table 10. Deformation of riverbank for a velocity of 0.12 m/s with slop angle 60° (in cm) 

Bank scan prior to operation Bank scan after operation Deformation 

0.00 3.10 -3.10 

0.00 4.85 -4.85 

3.40 6.15 -2.75 

6.35 7.00 -0.65 

8.50 7.75 0.75 

9.55 8.40 1.15 

11.75 9.30 2.45 

13.40 9.95 3.45 

14.80 10.60 4.20 

16.80 11.65 5.15 

18.80 12.70 6.10 

In contrast to the velocities observed before, the velocity of 0.13 m/s resulted in a sedimentation depth of 4.45 cm 
and an erosion depth of 6.65 cm, which were the highest values recorded as shown in Table 11. The difference between 
the two amounts is caused by suspended sediment that is transported over the length of the channel section. Generally, 

the amount of deformation in the bank of the channel at this velocity and during a 12-hour period is approximately 
similar as shown in Figure 12-d. The results indicate that the velocity of 0.13 m/s has a limited or steady effect on the 
angle of the riverbank with slop angle of 60°. 

Table 11. Deformation of riverbank for a velocity of 0.13 m/s with slop angle 60° (in cm) 

Bank scan prior to operation Bank scan after operation Deformation 

0.00 2.85 -2.85 

0.00 4.45 -4.45 

3.40 5.85 -2.45 

6.35 6.85 -0.50 

8.50 7.55 0.95 

9.55 8.05 1.50 

11.75 9.20 2.55 

13.40 9.55 3.85 

14.80 10.5 4.30 

16.80 11.55 5.25 

18.80 12.15 6.65 

20.80 14.50 6.30 

Figure 13-e depicts the erosion and deposition amounts during a period of 12 hours for a slope bank with an angle 
of 60˚ and a velocity of 0.135 m/s. The data indicates that the deposition begins at the channel bed and extends up to a 
height of 6.35 cm on the bank as shown in Table 12. The erosion initiated at a vertical distance of 6.35 cm above the 
bed and extended up to the surface of the water. After a duration of 3 hours from the start of flowing, the highest amount 
of sediment deposition occurred in the channel bed, namely at approximately 4.3 cm below the bed level. Conversely, 

the highest level of erosion in the upper part of the banks measured approximately 6.45 cm simultaneously. For all other 
durations of 6, 9, and 12 hours, the erosion and deposition appear to be insignificant. 

Table 12. Deformation of riverbank for a velocity of 0.135 m/s with slop angle 60° (in cm) 

Bank scan prior to operation Bank scan after operation Deformation 

0 2.7 -2.7 

0 4.3 -4.3 

3.4 5.7 -2.3 

6.35 6.4 -0.05 

8.5 6.7 1.8 

9.55 7.5 2.05 

11.75 8.2 3.55 

13.4 9.6 3.8 

14.8 10.3 4.5 

16.8 11.5 5.3 

18.8 12.35 6.45 

20.8 14.85 5.95 
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The amount of sedimentation rises as the flow velocity increases, with the exception of flows at velocities of 0.13 

and 0.135 m/s and a slop angle of 60°, as illustrated in Figure 14. At a high flow velocity, the lifting force increases, 

leading to the lifting of large soil particles, which settle at a short distance from their original location due to their 

relatively large weight. 

 

Figure 14. Relationship between the flow velocity and amount of deposition 

As a result, the main source of sediment in the canal is bank erosion, which is approximately 86%. Furthermore, as 

the flow velocity increases, the tipping point position (T.P.P.) between erosion and deposition moves upward, as shown 

in Figure 15. 

 

Figure 15. Relationship between the flow velocity and position of tipping point 

The movement of sediments on the channel bed and on the bank differ. This distinction was evident in the findings 

of the present study and is dependent upon three primary variables: the shape and dimensions of the sediment particle, 

the velocity of flow, and the slope angle of the bank. 
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5. Conclusions 

This study deals with the behavior of the riverbank and the amount of erosion and deposition resulting from river 

hydraulics and the effect of the bank inclination angle on this behavior. To explain that behavior, a laboratory flume has 

been designed and manufactured in the Civil Engineering Department at the University of Technology, Iraq-Baghdad. 

Also, riverbanks with two different slope angles (45º and 60º) were designed and configured. Five flow velocities (0.01, 

0.116, 0.12, 0.13, and 0.135) were supplied for each riverbank angle. The experiment is run by supplying the flow on 

the bank for 12 hours at each velocity, and the bank is scanned transversely at two stations to measure the deformation 

resulting from the flow, as well as the amount of sedimentation. The results of this research revealed the following: 

 The velocity of flow and slope angle of the riverbank were the major factors that influenced the stability of the 

riverbank. 

 The tipping point position (T.P.P.) between erosion and deposition moves upward as the flow velocity increases.  

 Bank erosion is responsible for most of the sediment present at the bottom, particularly on the near side of the 

bank. 

 The erosion in the slope angle of 60º was less than that in the slope angle of 45º, as illustrated in figure 14. The 

soil particles experience an increase in shear stress as the slope angle increases. At a 45° slope angle, the shear 

stress is greater than at a 37° slope angle, resulting in enhanced downslope movement of soil particles and hence 

increased erosion. At a higher angle of 45°, the gravitational forces exerted on the soil particles are more powerful 

in comparison to a shallower angle of 37°. 

 The slope angle of the riverbank becomes more stable at 37°. 
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