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Abstract 

The erosion of riverbanks is a significant and capricious national concern. The Al Muwahada channel in Iraq experiences 

instability in its banks, resulting in failure, retreat, and morphological alterations. These issues are mostly caused by 

factors such as the velocity of the flow, the angle of the slope, and type of soil. This study investigated the behavior of 

canal bank soil in response to erosion and variations in slope angle. Therefore, a physical model of a case study was 

established in the laboratory. Additionally, a slope angle of 26˚ is being utilized, which has not been previously studied 

in the laboratory. This angle will be tested with five different velocity values: 0.101 m/s, 0.116 m/s, 0.12 m/s, 0.13 m/s, 

and 0.135 m/s. The bank's deformation was measured for a period of 12 hours, which was divided into 4 equal intervals 

for each velocity. The study determined that a riverbank with a slope of 26˚ is more resistant to erosion when the velocity 

of the water is below 0.12 m/s. Velocities equal to or greater than 0.12 m/s have a substantial impact on the erosion of the 

riverbed. According to this study, a velocity of 0.12 m/s or higher leads to increased erosion of the riverbank. This is 

equivalent to a velocity of 0.804 m/s in the prototype channel. The section of the riverbank that has suffered the greatest 

damage due to erosion is the upper two-thirds. The used methodology supports global efforts to increase information 

about the behavior of river banks with unexplored rivers that have different flow velocities and bank slope angles. 
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1. Introduction 

Riverbank erosion is the phenomenon in which soil is displaced or transported away from the riverbanks because 

of the hydraulic force exerted by the water. The causes of this phenomenon can be attributed to various elements, such 

as the velocity of the flow, the kind of soil on the bank, and the angle of the bank slope. Additionally, human activities 

such as development near the river or deforestation [1-3]. The primary factor responsible for flow-induced bank 

erosion is the erosive force of water that is flowing, such as in rivers or coastal currents. Flow-induced bank erosion 

occurs when the energy of the water exceeds the resistance of the bank materials [4-5]. Erosion can be caused by 

various factors, such as increased water velocity, increased flow, and the presence of silt, which can all act in 

combination. Over an extended period, the continuous flow of water progressively erodes the banks, resulting in their 

eventually being removed [6]. Deng et al. [7] conducted numerical simulations to analyze the seepage and stress 

variations in the riverbank. The results of the simulation and field observation indicate that the erosion of the protected 

riverbank is mostly caused by near-bank flow-induced hydraulic erosion. The adjacent riverbed is experiencing 
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increased incision because of bank protection measures, effectively restricting the lateral erosion of the riverbanks. 

The maximum erosion depth of 10.6 m occurs over the period from August to November 2020. During field research, 

laboratory tests were conducted on soils from six riverbanks, revealing properties of the bank soil. The test results 

reveal that the cohesive bank soils exhibit low dry densities ranging from 1.31 to 1.47 T/m3 and high-water contents 

ranging from 28.5% to 40.0%. Additionally, it is seen that the cohesiveness, or angle of internal friction, generally 

reduces as the water content of the cohesive soil increases [8].  

The silt-clay content of banks is an important component in which bank erosion occurs [9]. Hydraulic erosion 

remains the primary factor causing erosion of protected riverbanks. However, the bank protection mechanism 

effectively limits the sideways movement of the bank while simultaneously increasing the nearby incision of the 

riverbed [10]. Studying and understanding the features of soil on riverbanks is crucial for evaluating bank stability 

and, as a result, the probability of bank retreat. Studies conducted on the soil properties of the Mississippi Riverbank 

in Goodwin Creek in the United States revealed that the bank consists of multiple sediment layers that have built up 

over time due to different flood events. The presence of hydraulic conductivity anisotropy, caused by variations in 

physical and hydraulic properties across various layers, indicates that the movement of water through the soil was not 

consistent in all directions [4, 11]. The complexity of river systems derives from the interaction of hydrological, 

sedimentary, and morphological elements. Erosion is a frequent phenomenon in stream banks, although the probability 

of failure depends on the location and the rate at which erosion takes place. Rivers with banks that are susceptible to 

erosion generally have a wider width compared to rivers with banks that are more resistant to erosion [12]. Erosion 

and sedimentation, as natural phenomena, have been continually active throughout geological history, leading to the 

creation of the current world terrain. Riverbank erosion can cause the deterioration of the riverbed, leading to the 

accumulation of particles and sediments in the nearby water body. The particles constituting the bedforms, as well as 

those present in the riverbank, might get dislodged from their interconnected configuration due to the movement of 

water. The particles will begin movement and settle at the downstream part of a river segment. Inadequate 

management and implementation of monitoring programs may lead to substantial engineering and environmental 

difficulties [13].  

The study conducted by Aldefae & Alkhafaji [14] analyzed the process by which riverbanks collapse and assessed 

their resilience under different flow conditions, considering both immediate and prolonged periods. To accomplish 

this, a series of physical model tests were conducted. The study examined three distinct models and focused 

specifically on the Tigris River in Iraq. The rate of bank soil erosion decreases as the surface flow velocity decreases. 

This is logically coherent because the velocity of the water is directly correlated with the magnitude of the force it 

applies on the shore. A decrease in velocity diminishes the erosive pressures exerted on the bank, resulting in a 

reduction in the erosion rate. According to Thi & Minh [15], the complexity of bank behavior and the mechanisms 

causing bank retreat can be influenced by several factors, such as vegetation cover, soil characteristics, and the extent 

and frequency of flow variations. Hence, to accurately predict and control the stability of banks, it is crucial to possess 

a comprehensive understanding of the surrounding context. Soil erodibility refers to the capacity of soil to resist 

erosion. This attribute is determined by multiple factors, such as soil composition, permeability, and organic material 

concentration. Riverbank erosion can cause silt deposition, hence worsening problems associated with river pollution. 

The transportability of sediments depends on the velocity of the river's current. The initiation of sediment movement is 

anxiously anticipated due to the combined influence of velocity, bed form features, and kinetic energy found at the 

riverbed [16]. When the shear stress applied by the flow exceeds the shear stress encountered by the particles, the 

particles begin to move [17].  

The erosion of bank is a naturally unstable phenomenon. It can generate a wide range of riparian habitats [18]. 

Previous studies [19, 20 and 21] found that the relationship between the rate at which a riverbank recedes and the 

depth of water along the bank, as well as the height of the bank, can provide significant insights into the behavior of 

riverbanks [22]. The findings also indicate an association between the speed at which banks recede and the ratio of 

bank height to the depth of water near the bank [23, 24]. Upon conducting a thorough analysis of the existing 

literature, it became evident that there is a lack of previous studies that have investigated erosion on laboratory river 

banks, particularly in a laboratory setup with a river bank inclined at a 26° angle, to assess erosion under varying flow 

velocities. The objective of this study is to evaluate the impact of the slope of the riverbanks and the operational flow 

velocities on the deterioration of stability in the banks of the Al Mowahada channel. This involves creating a physical 

model to simulate the behavior and replicate the identical conditions encountered in the field to investigate the main 

variables contributing to bank failure in the region. 

2. Implementation Details 

2.1. Case Study 

This study focuses on Al Mowahada Channel, a significant man-made irrigation channel situated in western 

Baghdad, Iraq. The Al-Fallujah Barrage branches off into the Al-Yossifia district at coordinates N 44˞ 10ˈ 24" E 05˞ 
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02ˈ 33". From there, it supplies water to the Al-Yossifia, Mahmodiyah, and Latifiyah canals (see Figure 1). The water 

is extracted from the Euphrates River before it reaches the al-Fallujah barrage. The geometric characteristics of the 

object are as follows: it has a maximum water depth of 5 meters, a minimum water depth of 1.35 meters, and a bottom 

width of around 20 m. The prototype had a maximum discharge of 140 m3/s and a minimum discharge of 35 m3/s. 

Furthermore, as depicted in Figure 2, it exhibits earth banks that periodically experience collapse and slide. The 

operation system of the channel often leads to significant fluctuations in the water table, ranging from 1.35 to 5 m. It 

remains at 5 m for a period of five days before decreasing back to 1.35 m for an additional five days [25]. 

  

Figure 1. Slope instability in the banks of the channel at falling time 

 

Figure 2. Case study location 

The procedure for modeling of channel as follow as: 

• Geometric similarity: implies that the ratios of prototype characteristic lengths to model lengths are: 

𝐿𝑟 = 𝑙𝑝/𝑙𝑚 = 𝑑𝑝/𝑑𝑚 = 𝐻𝑝/𝐻𝑚 (1) 

where 𝑙, 𝑑 and 𝐻 are the Length, depth and the height, respectively. 

• The subscripts p and m refer to prototype (full scale) and model parameters, respectively, and the subscript r 

indicates the ratio of prototype-to-model quantity. length, area and volume are the parameters involved in 

geometric similitude. 

• Kinematic similarity: implies that the ratios of prototype characteristic velocities to model velocities are the same 

according to the following equations: 

𝑉𝑟 =
𝑉𝑝

𝑉𝑚
  (2) 
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where V is the velocity. 

Let Lr = 45 → scale =
1

45
 

𝐿𝑟 =
𝑊𝑝

𝑊𝑚
 → 45=

40

𝑊𝑚
 →Wm=0.9 m  

where W is the top width of model. 

𝐿𝑟 =
𝑊𝑝

𝑊𝑚
 → 45=

20

𝑊𝑚
 → Wm=0.45 m. 

𝐿𝑟 =
𝑑𝑝

𝑑𝑚
 → 45= 

5

𝑑𝑚
 → dm =0.11 m  

where M is the max. depth of model. 

𝐿𝑟 =
𝑑𝑝

𝑑𝑚
 → 45= 

1.35

𝑑𝑚
 → dm= 0.03 m Min. depth of model. 

Max. discharge of prototype =140 m3/s 

Min. discharge of prototype =35 m3/s  

𝑄𝑟 =
𝑄𝑝

𝑄𝑚
 , Qr= L5/2 =455/2 = 13584  

𝑄𝑟 =
𝑄𝑝

𝑄𝑚
 → Qm =140/13584= 0.01 m3/s (10 L/s) Max. discharge for model. 

𝑄𝑟 =
𝑄𝑝

𝑄𝑚
 → Qm=35/13584=0.00257 m3/s Min. discharge for model. 

The case study is a trapezoidal channel (prototype), therefore the model also trapezoidal shape Furthermore. Free 

surface flows (e.g. rivers and wave motion), gravity effects are predominant.  

• Model prototype similarity is performed usually with a Froude similitude: 

Frp = Frm 

If the gravity acceleration is the same in model and prototype, a Froude number modeling implies: 

Vr=Lr1/2 Froude similitude 

Area of prototype channel= (B+z y0)y0 = (20+2×5)5 = 150 m2 

Qp=Vp×Ap → Vp=Qp/Ap →Vp =140/150= 0.933 m/s. Max. velocity. 

Froude number=
𝑉

√𝑔×𝑦
 =

0.933

√9.81×5
= 0.133 (for prototype) 

Area of model = (0.45+2×0.11)×0.11= 0.0737 m2  

Qm=0.01 m3/s. 

Vm =Qm/Am =0.01/0.0737= 0.135 m/s 

Froude number of model =
𝑉

√𝑔×𝑦
= 

0.135

√9.81×0.11
= 0.13 ≈ Froude number of prototype [26, 27]. 

2.2. Design of Flume 

The laboratory studies were conducted using a lab flume. The flume was created according to the specifications 

depicted in Figures 3 and 4 in order to provide a physical model that closely mimics the characteristics of a natural 

channel, while allowing for controlled experimental settings. The flume's basic structure consists of a steel frame with 

dimensions of 3 m in length, 1 meter in width, and 0.6 meters in depth. In addition, construct soundproof tanks with 

dimensions of 0.4 m in thickness, 1 m in width, and 1.5 m in height to calm the water flowing from the pump. The 

flume's side walls are formed with plaxiglass that is 4 mm thick. A steel water tank with a capacity of 1800 liters. The 

pumping system comprises a pump with a power rating of three horsepower, which is responsible for propelling water 

into a flowmeter designed in the style of a Rotameter. To quantify the amount of fluid entering the quieting tank, 

employ this flowmeter. A pipe with a diameter of four inches is used to link the entire pumping system to the flume. 

The outletting system comprises four ports, each one with 2.5 inches. Each port is equipped with a valve that allows 

for independent regulation of water output, based on the specific requirements of the experiment. The supply tank 

collected the water that was returned from the outflow. A sleek plate functioned as the flume bed, which also had a 

vertical point gauge for the purpose of monitoring the water level in the flume. 
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Figure 3. Scheme of the laboratory flume (all dimensions in cm) 

 

Figure 4. The laboratory flume (model) 

3. Material and Methods 

The flume model is designed to accurately replicate the parameters and conditions of the field and reproduce them 

in the laboratory. The source sediment from the Al Mowahada canal is used in a controlled laboratory setting to 

construct the riverbank, taking into consideration the required slope and density of soil. Regulate both the flow 

velocity and water depth in the experimental flume. The study involves carrying out laboratory experiments by 

simulating a model in flume, as demonstrated previously. Next, configure riverbanks with a slope angle of 26º. The 

soil's physical parameters under consideration include specific gravity, dry unit weight, and water content. The 

physical and chemical characteristics of the soil obtained via the borehole at the riverbank site are presented in Figure 

5 and Table 1. 

 

Figure 5. Soil investigations of the embankment 
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Table 1. Physical and chemical properties of bank soil 
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1.5 US 39.4 26.9 12.5 ML 14.4 24.5 2.69 17.1 29.4 62.8 37.2 0.0 0.91 11.3 1.94 3.87 

General Description: Light brown sandy silt mixed with white crystals of salts and some organic matters and roots of plants. 

3.0 US 38.8 27.1 11.7 ML 14.5 25.9 2.68 15.3 28.2 67.1 32.9 0.0 0.72 10.4 1.54 4.09 

General Description: Light brown sandy silt mixed with white crystals of salts and some organic matters and roots of plants. 

4.5 SPT NP NP NP SP 15.0 32.7 2.66 1.7 33.6 98.7 1.3 0.0      

General Description: Gray sand. 

6.0 SPT    CL  33.6       0.71 9.88 1.52 7.98 

General Description: Greenish light brown clay mixed with white crystals of salts and organic matters. 

7.5 SPT NP NP NP ML  33.7    56.3 43.7 0.0    

General Description: Brown to gray sandy silt. 

9.0 D.S      27.9           

General Description: Brown to gray clay. 

10.5 D.S 47.5 26.5 21.0 CL  28.4 2.72   100.0 0.0 0.0     

General Description: Brown to gray clay. 

12.0 D.S 46.3 26.1 20.2 CL  27.8    100.0 0.0 0.0     

General Description: Brown to gray clay. 

Figure 6 shows the flowchart of the research methodology through which the objectives of this study were 

achieved. 

 

Figure 6. Flowchart shows the process of the methodology 
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4. Soil Preparation 

The soil preparation, which was the most crucial component of the work in the laboratory, was divided into three 

distinct stages: 

Firstly, the procedure of soil sampling involves extracting a soil sample from one side of a bank channel. This 

sample should be taken from a location that is in direct contact with the failure region, specifically a distance of 1.5 

meters below the surface soil and half a meter above the top layer of bank soil. The upper most stratum comprised a 

depth of 5 m of silty sand soil. The process of soil drying entails dispersing a soil sample onto a nylon sheet, which is 

then folded into a single layer around 10 cm thick and exposed to the open air for natural evaporation. 

Secondly, it is important to ensure that the soil sample exhibits a uniform gradient. The soil sample was compacted 

by penetrating it with an iron rod and subsequently passed through a filtering device with a pore size of 4.5 mm. 

Thirdly, it is crucial to ensure that the soil water content in both the field and the laboratory closely mirrors the real 

circumstances found in the field. After the soil was allowed to dry naturally, the water content of the sample decreased 

to 13%, as depicted in Figure 7. The sand layer in the field has a water content of 32.7%. The soil's weight was 

measured, and the weight of the mold was subtracted to obtain the net weight of the soil. To obtain the field water 

content, a precise quantity of water must be applied to the soil sample. After multiple trials, it was determined that the 

optimal water ratio for the soil sample is 25.2% based on its weight [28, 29]. 

 

Figure 7. Spread, smoothing and drying of soil sample 

5. Experimental Setup 

The slope angle of riverbank 26° is used, as shown in Figure 8, the geometric information presented in Table 2. 

The slope angle was associated with five distinct velocities, which were arranged in an ascending sequence as shown 

in Table 3. At each velocity, the bank deformation is measured at two locations, with data points gathered at fixed 

intervals of 3 hours (3, 6, 9, and 12). The first station is positioned 1.2 m from the inlet point, while the second station 

is positioned 1.7 m away. A single measurement entails employing a laser scanner to scan the cross-section of the 

riverbank and determine the distortions caused by erosion resulting from the flow velocity. One side of the river was 

used in these experiments. 

 

Figure 8. River bank model in flume 
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Table 2 . Geometry of laboratory bank after modeling the actual 

Geometry of bank in (cm) 

Bank angle Length of bank Width of bottom Width of top height 

26˚ 200 77.5 26.24 25 

Table 3. Laboratory angles and corresponding experiment velocities by modeling the actual velocities in field 

No. Angle 
Velocity (m/s) 

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

1 26° 0.101 0.116 0.12 0.13 0.135 

Three piezometers were located at regulated distances, both longitudinally and transversely, within the bank. These 

piezometers are utilized to monitor the water level within the bank. A 0.75 inch perforated plastic pipe was added to 

collect water from inside the bank and drain it outside the flume in order to simulate the original state bank (see Figure 

9). 

 

Figure 9. Prepare the model for scanning and reduce the water level in the flume 

6. Results and Discussion 

This study investigated the effect of erosion on the soil of a riverbank due to the energy generated by the velocity 

of water flow and the slope angle. The experiment commenced by supplying a flow with a velocity of 0.101 m/s into 

the flume, which had a riverbank angle of 26̊ in the laboratory. The experiment persisted for a continuous duration of 

12 hours. A laser scanner was employed to scan the bank at regular intervals of three hours; four results were provided 

for each velocity. The post-operation analysis revealed that the erosion was minimal due to two factors: firstly, the 

slope angle of the bank was more stable, and secondly, the flow velocity was low. Figure 10 and Table 4 provide 

graphs and numerical representations of the erosion amounts. Despite being limited in scope, there is a significant 

amount of erosion occurring in the central portion of the bank. The most significant impact occurred near the surface 

of water. The foundation of the bank experienced the least impact at this velocity. 

The local erosion exhibits a high rate throughout the initial phases of the experiment, especially within the first six 

hours of the flow. As the scouring process proceeds, it gradually decreases until it reaches a state of equilibrium, due 

to the influence of the erosive activity at the bed. 

The erosion in the second velocity (0.116 m/s) is clearly apparent, particularly in the lower third of the bank. The 

erosion increases as it approaches the surface of the flow, as depicted in Figure 11 and Table 5. At this velocity, the 

impact starts three centimeters above the bottom of the flume and gradually intensifies as it reaches the surface of the 

water. After 6 hours of the experiment, there is a significant increase in erosion, which is clearly visible above the 

depth of 4.5 cm from the bottom of the flume. 
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Figure 10. The erosion in the bank river with flow velocity 0.101 m/s and slope angle 26º 

Table 4. Amounts of erosion for riverbank with 26̊ slope, and velocity 0.101 m/s (in cm) 

Scan of bank before 

running 

Scan of bank after 

running 

Erosion 

amounts 

1.35 1.28 0.07 

3.17 3.12 0.05 

4.63 4.49 0.14 

7.32 7.235 0.085 

9.3 9.05 0.25 

 

Figure 11. The erosion in the bank river with flow velocity 0.116 m/s and slope angle 26º 
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Table 5. Erosion for riverbank with 26̊ slope and velocity 0.116 m/s (in cm) 

Scan of bank before 

running 

Scan of bank after 

running 

Erosion 

amounts 

1.35 1.22 0.13 

3.17 3.035 0.135 

4.63 4.25 0.38 

7.32 6.95 0.37 

9.3 8.9 0.4 

However, when the velocity reached 0.12 m/s, there was a notable increase in the quantity of erosion compared to 

the prior two velocities. Erosion progressively increases as the height decreases from the bottom of the flume towards 

the water surface. The erosion rate increased by approximately 45% when the flow velocity increased from 0.116 m/s 

to 0.12 m/s compared to the previous velocity. The erosion of the riverbank led to an increase in the cross-sectional 

area of the flow, and because the flow discharge was constant during the experiments, this caused a decrease in the 

water level inside the flume, as shown in Figure 12 and Table 6. The sediment generated from the erosion of the river 

bank will inevitably be deposited at the bottom of the flume, as depicted in Figure 12. 

 

Figure 12. The erosion in the riverbank with flow velocity 0.12 m/s and slope angle 26º 

Table 6. Erosion of riverbank with 26̊ slope angle and velocity of 0.12 m/s (in cm) 

Reading of bank 

before running 

Reading of bank 

after running 

Erosion 

amounts 

1.35 0.77 0.58 

3.17 1.65 1.52 

4.63 3.25 1.38 

7.32 5.45 1.87 

9.3 7 2.3 

At a velocity of 0.13 m/s, the erosion quantity experienced a significant rise, as depicted in Figure 13 and Table 7. 

This increase in erosion was directly related to the increase in cross-sectional area of the flume, which resulted from 

the deformation occurring in the bank. The enlargement of the cross-sectional area of the channel has an impact on the 

hydraulic characteristics of the channel. Furthermore, the velocity distribution curve within the channel underwent 

alteration. The experiment reveals that the deformation in the canal bank is consistently even, resulting in a minimal 

alteration in the estimated angle of inclination of the bank. This indicates that angle 26º is stable, although it does not 

effectively decrease erosion. 
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Figure 13. The erosion in the bank river with flow velocity 0.113 m/s and slope angle 26º 

Table 7. Erosion for riverbank with 26̊ slope and velocity of 0.13 m/s (in cm) 

Reading of bank 

before running 

Reading of bank 

after running 

Erosion 

amounts 

1.35 0.62 0.73 

3.17 1.45 1.72 

4.63 2.95 1.68 

7.32 5.25 2.07 

9.3 6.8 2.5 

Regarding the velocity of 0.135 m/s, the amount of erosion in the bank remained relatively consistent compared to 

the preceding velocity, as depicted in Figure 14 and Table 8. 

 

Figure 14. The erosion in the riverbank with flow velocity 0.135 m/s and slope angle 26º 
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Table 8. Erosion for riverbank with 26̊ slope and velocity of 0.135 m/s (in cm) 

Reading of bank 

before running 

Reading of bank 

after running 

Erosion 

amounts 

1.35 0.62 0.73 

3.17 1.45 1.72 

4.63 2.6 2.03 

7.32 4.6 2.72 

9.3 8.95 0.35 

Through the discussion and analysis of the aforementioned facts, a correlation was established between the 

deformation in the shape of the bank and the velocity, as depicted in Figure 15. 

 

Figure 15. Relationship between the velocity of flow vs. the deformation in the riverbank 

7. Conclusions 

This study aimed to investigate the phenomenon of riverbank stability in relation to erosion by assessing 

experimental data obtained from laboratory work. A laboratory flume with dimensions of 3 m in length, 1 m in width, 

and 0.6 m in height was utilized. Additionally, soil samples were obtained from the original bank of the case study, a 

soil investigation was conducted, and laboratory testing on the soil samples gathered from the riverbank was 

performed. A riverbank was constructed within the flume at a 26º inclination. A laboratory setup was not previously 

constructed to examine erosion under varying flow velocities on a riverbank inclined at an inclination of 26°. A range 

of flow velocities was selected, starting from the minimum velocity of the original channel and ending with its 

maximum velocity following the modeling procedure. The experiment runs for a duration of 12 hours at each velocity, 

with data being recorded at three-hour intervals. The reading is obtained by using a laser to scan the bank in a 

direction that is perpendicular to the bank section. This scanning process is done for two stations at a time. The study's 

main findings suggest that a reduction in flow velocity results in a corresponding decrease in erosion volume. 

The study revealed that a riverbank with a slope of 26º exhibits greater resistance to erosion while the velocity of 

the flow remains below 0.12 m/s. Erosion intensifies when the flow velocity surpasses 0.12 m/s. Erosion primarily 

occurs in the upper two-thirds of the bank. The angle of 26° is stable; however, it does not mitigate erosion. According 

to the study, riverbank erosion increases in laboratory conditions when the velocity reaches 0.12 m/s or higher. This is 

equivalent to a velocity of 0.804 m/s in the prototype. The upper two-thirds of the riverbank is the most severely 

affected area by erosion. The study conducted by Nama et al. [30] demonstrates the reach morphology's susceptibility 

to changes in flow brought about by any change in flow velocity of flow regime. This supports the research results that 

the river banks are the most affected by any hydraulic change. 

In conclusion, to gain a deeper understanding of erosion in bank slope canals, additional research will be 

undertaken in the future for slop angles of 45° and 60°. 
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