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Abstract  River bends are susceptible to sedimentation 

near the inner bend and erosion near the outer bend due to 

uneven velocity distribution. This study investigates the 

effectiveness of fin gabions in mitigating these issues 

through physical modeling. Five experimental setups were 

conducted in a laboratory flume: (1) Baseline: A leveled 

sand bed with regular gabions placed on the outer bend; (2) 

Lower Fin Gabion: A fin gabion embedded at the lower 

part of the bend. This setup addresses topography issues 

encountered in post-simulation of setup 1; (3) Mid-Bend 

Fin Gabion: An additional fin gabion embedded at the 

middle of the bend. Topography challenges in 

post-simulation of setup 2 necessitated this configuration; 

(4) Reinstalled Gabions: Reinstallation of all gabions from 

setup 3. This setup is implemented to ensure that the 

gabion configuration in setup 3 can maintain the baseline 

without changing significantly; and (5) Surface-Placed 

Gabions: All gabions placed on the surface without 

embedding. This setup aims to ensure that the fin gabions 

are firmly embedded. Results demonstrate that the fin 

gabion configurations, especially setup 3, significantly 

reduced sedimentation near the inner bend by up to 72%. 

This reduction led to a more uniform flow distribution, 

mitigating erosion at the outer bend. The findings highlight 

the potential of fin gabions as an effective solution for 

enhancing river bend stability. 

Keywords  Fin Gabion, Erosion, Sedimentation, Inner 

Bend, Outer Bend 

1. Introduction

River bends are prone to sedimentation near the inner 

bend and erosion near the outer bend due to uneven 

velocity distribution [1]. The higher velocity near the outer 

bend leads to erosion and potential bank collapse [2]. 

Similar issues can arise around bridge pillars [3]. 

While rainfall can exacerbate erosion, especially during 

extreme events, the most severe erosion often occurs at the 

ends of the bend [4]. Bank protection structures like 

gabions are particularly vulnerable at these locations, with 

the lower end experiencing more rapid damage [5]. 

Gabions are often chosen due to their economic efficiency 

and effectiveness [6, 7]. In addition to their role in bank 

protection, gabions are also employed as weir structures 

[8]. 

Conversely, the lower velocity near the inner bend 

promotes sedimentation. The severity of both 

sedimentation and erosion is influenced by the bend angle, 

with sharper bends leading to more pronounced effects. In 

sloping areas, factors like rainfall, topography, land use, 

and soil type also contribute to sedimentation [9-11]. 

The combined impact of these factors can lead to the 

failure of gabion structures [2]. While gabions are 

commonly used for bank protection, Hasan and Toda 

explored the use of groins in meandering rivers [12]. 

Numerical simulations indicated that cross-bar groins, 

extending from the bank to the river's mid-channel, can 

inadvertently increase erosion risk. 

This research objective is to control sedimentation near 

the inner bend of a flume bend by utilizing fin gabions 

attached to regular gabions on the outer bend. While both 

types of gabions have identical dimensions, their distinct 

placements within the flume result in different functions. 

The hypothesis is that fin gabions can effectively alter the 

flow velocity distribution, shifting it from the outer bend 

towards the inner bend. This present research employs 

physical modeling to simulate sedimentation and erosion 
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processes at the inner and outer bends of a flume bend and 

evaluate the effectiveness of fin gabions as a mitigation 

strategy. This outcome is consistent with the SDGs 

(Sustainable Development Goals), emphasizing the need 

for robust water infrastructure. 

Figure 1 shows a river bend reinforced with gabions on 

both embankments. However, the absence of gabion fins 

results in uneven velocity distribution, leading to visible 

erosion near the outer bend and sedimentation near the 

inner bend after the flood (Figure 1B). 

 

 

Figure 1.  River bend conditions during (top) and after (bottom) the 

flood 

2. Materials and Methods 

2.1. Experimental Setup 

A laboratory flume with a gross width of 40 cm and a 

height of 40 cm was used for the experiments. The net 

channel width was 38 cm after accounting for the 1 cm 

thick flume walls. The curved section of the flume had an 

outer wall radius of 98 cm and an inner wall radius of 60 

cm. The outer and inner bend lengths were 206 cm and 125 

cm, respectively. Straight channel sections of 217 cm and 

80 cm preceded and followed the bend, respectively. The 

flume can be seen in Figure 2. The curved section was 

divided into three equal parts: upper, middle, and lower, as 

illustrated in Figure 3. 

 

Figure 2.  The flume used in this study 

2.2. Materials 

Sand sourced from the Batang Kuranji riverbed in 

Padang, West Sumatra, was used as the bed material. 

Gravel with a diameter range of 1.5 to 2 cm, also from the 

Batang Kuranji riverbed, was used as the filler material for 

the gabions. The gravel size exceeded the wire mesh hole 

diameter [13, 14]. This approach differs from previous 

studies that utilized geo-polymer materials [15] and soft 

materials [16] as gabion fillers, or geogrids for gabion wall 

construction [17]. 

2.3. Gabion Installation 

Regular gabions, measuring 10 cm × 5 cm × 5 cm, were 

installed along the 206 cm outer bend. These gabions were 

constructed using 1.6 mm diameter concrete steel wire with 

a 1.25 cm × 1.25 cm mesh size. A conventional 

stack-and-pair configuration was employed to resist lateral 

forces, diverging from the interlocking configuration [18]. 

2.4. Experimental Procedure 

Five experimental setups were conducted: 

1. Baseline: A 10 cm thick sand bed was leveled, and 

regular gabions were placed on the outer bend. 

2. Lower Fin Gabion: A fin gabion (FG-A) was 

embedded 2 cm into the sand bed at a distance of 63 

cm from the downstream end of the bend. 

3. Mid-Bend Fin Gabion: An additional fin gabion 

(FG-B) was embedded 122 cm from the lower end of 

the outer bend. 

4. Reinstalled Gabions: The gabions from Setup 3 were 

reinstalled on a leveled sand bed. 

5. Surface-Placed Gabions: The gabions from Setup 4 

were placed on the sand surface without embedding. 

In all setups, the gabions were placed 5 cm from the 

flume wall, and the gap was filled with sand, reducing the 

effective channel width to 28 cm. The flow depth was 

maintained at a constant level. 

The bed topography was measured before and after each 

experiment to assess the extent of sedimentation and 

erosion. The effectiveness of the fin gabions in controlling 

sedimentation and modifying flow patterns was evaluated 

by comparing the results from the different setups. A brief 

explanation of the model setups can be seen in Table 1. 
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Figure 3.  Top view sketch of the experimental flume, highlighting the upper, middle, and lower sections. The locations of ordinary gabions, 

Fin-Gabion A (FG-A), and Fin-Gabion B (FG-B) are indicated. Cross-sections 1 (CS-1), 2 (CS-2), and 3 (CS-3) represent the lower, middle, and 

upper parts of the bend, respectively 
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Table 1.  Specific data of Column/Row 

Setup Bed surface Regular Gabions Fin Gabions 

1 Leveled 
Place simply on the bed 

surface in the outer bend 
- 

2 
As in the final 

state of setup 1 

As in the final state of 

setup 1 
Immerse its base next to the regular gabion in the lower part of the bend. 

3 
As in the final 

state of setup 2 

As in the final state of 

setup 2 

Add another one and immerse its base next to the regular gabion in the middle 

part of the bend 

4 Leveled 
Place simply on the bed 

surface in the outer bend 

Immerse their base next to the regular gabion. One is in the lower part of the 

bend, and the other in the middle. 

5 Leveled 
Place simply on the bed 

surface in the outer bend 

Place simply on the bed surface next to the regular gabion. One is in the lower 

part of the bend, and the other in the middle. 

 

2.5. Dynamic Similitude 

To ensure a model accurately represents its real-world 

counterpart (the prototype), dynamic similitude between 

the two is essential. This requires both geometric and 

kinematic similarity [19]. 

Geometric similarity is established by comparing the 

dimensions of the prototype and the model. A prototype 

gabion measures 200 cm in length, 100 cm in width, and 

100 cm in height. At a 1:20 scale, the corresponding model 

gabion measures 10 cm long, 5 cm wide, and 5 cm high. 

Our laboratory's flume, which includes a bend, has fixed 

dimensions, including width and radius. Only the prototype 

dimensions can be adjusted. For instance, if the effective 

width of the model channel is 28 cm, the effective width of 

the prototype becomes 28 cm × 20 = 560 cm. Consequently, 

investigating the effects of scaling on erosion and 

sedimentation is currently challenging in our laboratory. 

Kinematic similarity is achieved by equating the Froude 

number between the prototype and the model. This leads to 

the following relationships: the ratio of flow velocity in the 

prototype (vp) to that in the model [19], 

20mp vv                   (1) 

the ratio of flow rate in the prototype (Qp) to that in the 

model (Qm) [19], 

5.2)20(mp QQ                (2) 

and the ratio of flow time in the prototype (tp) to that in the 

model (tm) [19], 

20mp tt                 (3) 

 

3. Results and Discussion 

3.1. Setup 1: Baseline Condition 

This study focuses on a single, normal discharge of 2.17 

L/s, constrained by laboratory equipment limitations. The 

simulation was terminated when the first signs of gabion 

instability were observed in Setup-1, which occurred after 

15 minutes and 50 seconds. This duration was 

subsequently used as the simulation time for subsequent 

setups. If the simulation time in the subsequent setup is 

exceeded and the gabion performance in this subsequent 

setup still surpasses that of setup 1, then the subsequent 

setup is considered superior to setup 1, and vice versa. 

The initial simulation, Setup 1, aimed to establish a 

baseline condition without any intervention. As expected, 

significant sedimentation occurred near the inner bend, 

while erosion prevailed near the outer bend. The sand 

surface elevation increased by 20 mm near the inner bend 

and decreased by 19 mm near the outer bend (Figure 4). 

This uneven sedimentation and erosion led to a reduction in 

the effective channel width and the eventual failure of the 

regular gabions (Figure 5). 

 

Figure 4.  Bed elevation profile after the initial simulation (Setup 1), 

showing sedimentation near the inner bend and erosion near the outer 

bend in all three sections of the bend 

-35

-25

-15

-5

5

15

25

60 65 70 75 80 85

B
ed

 E
le

v
at

io
n
 (

m
m

)

Radius (cm)

Setup 1

Initial Level

Lower Part (CS-1)

Middle Part (CS-2)

Upper Part (CS-3)



1672 Fin Gabions: A Solution for River Bend Stability  

 

  

Figure 5.  Flume bed topography after the initial simulation (Setup 1), 

showing the development of a sediment deposit near the inner bend and 

erosion near the outer bend in all three sections of the bend 

3.2. Setup 2: Lower Fin Gabion 

To mitigate the observed issues, a fin gabion (FG-A) 

was installed at the lower part of the bend in Setup 2. While 

the fin gabion partially alleviated the erosion at the lower 

end, it did not fully prevent sedimentation and erosion in 

the middle and upper parts of the bend. Notably, significant 

erosion occurred at the downstream end of the fin gabion 

itself (Figures 6 and 7). 

3.3. Setup 3: Mid-Bend Fin Gabion 

In Setup 3, an additional fin gabion (FG-B) was installed 

at the middle part of the bend. This configuration resulted 

in a more stable bed profile, with reduced sedimentation 

and erosion in all parts of the bend. However, erosion still 

persisted upstream of FG-A, indicating a need for further 

refinement (Figures 8 and 9). 

 

Figure 6.  Comparison of flume bed topography after Setup 1 (baseline) and Setup 2 (lower fin gabion), highlighting the impact of the fin gabion on 

sedimentation and erosion patterns 

  

Figure 7.  Post-simulation (Setup 2) condition of the regular gabions and fin gabion at the lower part of the bend, viewed from upstream and 

downstream 

 

Figure 8.  Comparison of flume bed topography after the baseline simulation (Setup 1), the lower fin gabion installation (Setup 2), and the 

additional mid-bend fin gabion installation (Setup 3) 
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Figure 9.  Sedimentation patterns observed upstream and downstream of Fin Gabion A, highlighting the deposition of sediment downstream of the 

structure 

  

Figure 10.  Setup-4 before simulation (photo viewed from down-stream but sketch viewed from upstream) 

3.4. Setup 4: Reinstalled Gabions with Embedded Fins 

To further enhance the stability of the gabion structures, 

the fin gabions were embedded into the sand bed in Setup 4 

(Figure 10). This configuration proved highly effective in 

controlling sedimentation and erosion. The sedimentation 

near the inner bend was reduced by 72% compared to the 

baseline condition. The flow velocity distribution was also 

significantly altered, leading to a more uniform flow 

pattern (Figures 11 and 12). 

3.5. Setup 5: Surface-Placed Gabions 

Finally, Setup 5 assessed the importance of embedding 

the fin gabions. When the fin gabions were simply placed 

on the sand surface without embedding, they experienced 

significant subsidence and shifting due to the underlying 

erosion. This highlights the crucial role of proper 

installation in ensuring the long-term stability of the gabion 

structures (Figures 13 and 14). 

Overall, the results demonstrate the effectiveness of fin 

gabions in mitigating sedimentation and erosion at river 

bends. By carefully designing and installing fin gabions, it 

is possible to achieve significant improvements in river 

stability and reduce the need for frequent maintenance. 

3.6. Dynamic Similitude 

Due to the current limitations of our laboratory's pump, 

we are unable to vary the discharge. The existing discharge, 

considered a normal discharge, is 2.17 L/s for the model, 

which corresponds to a prototype discharge of 3,882 m³/s. 

With a flow depth of 1 cm before the bend, the wetted area 

is 1 cm × 28 cm = 28 cm². Dividing the model discharge 

(2.17 L/s) by the wetted area yields a model velocity of 

0.78 m/s. This velocity is sufficient to transport fine gravel, 

as velocities at or above 0.76 m/s have been shown to do so 

[20]. This model velocity corresponds to a prototype 

velocity of 3.47 m/s. Given a water depth of 1 cm above the 

downstream spillway, the Froude number (Fr) is calculated 

to be 

47.2
cm 1m/s 807.9

m/s 78.0

2





gh

v
Fr     (4) 

This Froude number applies to both the model and the 

prototype. 
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Figure 11.  Comparison of the topography formed at the flume bed after the simulations are complete in setup-1 and 4 at the lower, middle and 

upper parts of the bend 

  

Figure 12.  Post-simulation topography in Setup 4: Upstream (left) and downstream (right) perspectives 

  

Figure 13.  Setup-5 before simulation (photo and sketch viewed from upstream) 

  

Figure 14.  Post-simulation topography in Setup 4: Upstream (left) and downstream (right) perspectives 
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4. Conclusions 

The physical model experiments demonstrated that 

regular gabions, when employed as bank reinforcement on 

the outer bend, are susceptible to subsidence. This 

vulnerability stems from sedimentation near the inner 

bend, which results in increased flow velocity and erosion 

near the outer bend. To mitigate these issues, the 

integration of fin gabions, anchored to regular gabions in 

the downstream and middle sections of the bend, was 

proposed. Simulation results indicate that fin gabions can 

effectively reduce sedimentation near the inner bend by 

up to 72%, thereby dispersing flow velocity and 

minimizing erosion near the outer bend. 
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