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ABSTRACT 

The alluvial rivers of Bangladesh being unstable keep changing their main course, bank lines, 
and so on. Groins are extensively used worldwide for shore protection from erosion, river navigation, 
and beach reclamation among many others. Improving the performance of groins is a crucial issue 
around the glove. Experimental investigations under clear water scour conditions have been carried 
out in this research to compare the performance of different groins in order to find out the suitable 
design for a groin. From the experimental runs, it is revealed that the groin models having different 
configurations behave differently. In the case of a solid I-shaped groin, a huge scour near the groin 
head and irregular bed pattern develops in the channel bed while L-head and hockey-shaped groins 
improve the channel response a bit leading to decreased scour. Moreover, the hockey-shaped groin 
attracts the flow, and thus requires a close groin installation. The scour hole for a combined groin is 
relatively very small. As the scour endangers the stability of the groin structure, it turns out to be the 
most suitable one. 
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INTRODUCTION 

Most of the lowland rivers pass through alluvium plain which is highly susceptible to erosion 
and deposition because of its very dynamic nature. Various river training structures are being 
practiced in the rivers to stabilize the river channels, among which groins are extensively used all 
over the world [1] to [3]. These are artificial flow deflecting structures that are employed directly or 
indirectly in river engineering to protect the bank from erosion, to improve the navigability of 
channels, and to serve many additional purposes like land reclamation, an increase of aquatic 
habitats, and so on. These functions are provided by means of groins both in the river and coastal 
engineering [4]. The groin mainly diverts the direction of flow so that the flow velocity is significantly 
reduced in the groin area, and thereby bank erosion is minimized. Several parameters are needed 
to be considered in the installation of groins including groin length, groin angle towards the 
approaching flow, permeable or impermeable states, submerged or non-submerged states, spacing, 
and number of groins, among others [5].  

The construction of groin structures that impede flow causes significant changes in flow 
patterns, sediment transport, and bed topography. Thus, it involves in the development of strong 
vortices near the groin head leading to scouring around the groin. Numerous experimental and 
numerical studies have been done so far to examine the flow patterns induced in the vicinity of 
groins, morphological changes that result from the interaction among groins, and so on. Due to 
inherent varieties associated with the configuration of groins, flow separation and recirculating length 
would be greatly different posing challenges for the applications of numerical models [6]. From an 
investigation on the effects of groins, it was found that the increase in discharge caused an increase 
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in the dimension of the scouring hole around the groin and an increase in the extent and thickness 
of sedimentation downstream of the groin [7].  Also, maximum scour depth shows an increasing 
trend with increasing Froude number. Through an investigation of scour-deposition mechanism 
around a series of spur dikes, it was concluded that the aspect ratio was a significant parameter that 
affected bed topography and flow behavior close to the structures [8]. A study on the flow field and 
bed topography being induced because of the interaction of groins of various alignments revealed 
that the groin modified with downstream aligned part performed better in improving navigation depth 
and bank protection as well [9]. From a comparison of the effect of a triangular groin with a 
rectangular one, it was concluded that the maximum scour hole depth and volume were smaller in 
the triangular spur dikes than in their rectangular counterparts [10]. An investigation on the effects 
of flow around a pile-group groin demonstrated that the staggered type groin functioned better 
compared to the in-line type in reducing flow towards the bank and turbulence around the structures 
[11]. 

The I-shaped impermeable groins are usually practiced to protect the bank from erosion. 
However, from this structure, the flow deviates highly from the river bank and a horizontal vortex in 
the recirculation zone forms that results in the local scour [12]-[15]. Thus, they cannot sustain long 
in many situations and cannot function properly. The L-head and hockey-shaped impermeable groins 
could minimize flow separation and the strong vortices near the groin tip which are responsible for a 
huge local scour. Although the permeable groins can allow flow through the structure which could 
eliminate the strong return currents, fully permeable groins cannot properly deflect the flow. Also, 
the flow near the bank occurs which could affect the bank if it is associated with the oblique flow. A 
combined groin (a combination of both permeable and impermeable parts in a groin structure) with 
an impermeable part near the bank could improve the flow field through a gradual deceleration of 
flow velocity towards the bank and develops a stagnant flow region near the bank line and thereby 
minimizes scour near groins [16]. In the present research, attempts are made to explore the effects 
of groin shape and groin permeability through experimental investigations. Four different groin 
models: I-shaped, L-head, hockey-shaped impermeable groins, and a combined groin are 
considered in this study. Thus, a suitable design of groins could be established whose performance 
would be better compared to others. 

 

METHODS 

Experimental setup 

In this study, laboratory experiments are conducted in a straight concrete channel of dimension: 
22.50 m x 1.52 m x 1.15 m with a sand bed of 0.30 m (Figure 1). Four sets of different groin models 
such as I-shaped (M-1), L-shape (M-2), hockey-shaped (M-3) impermeable, and a combined groin 
(M-4) containing six numbers in each set to install the groins in series are considered for assessing 
their performance. Solid groin models – I-shaped, L-shaped, and hockey-shaped groins are made 
with wooden planks of 2.5 cm thickness; the other combined groin is made of wooden plank for the 
impermeable part with 5.0 mm diameter steel sticks at different spacings of 7.0 cm@1.0 cm c/c and 
11.0 cm @1.5 cm c/c for the permeable portion. 

. 
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Fig. 1 – Laboratory channel: (a) Plan view; (b) Cross-section 

The L-shaped and hockey-shaped solid groins are expected to improve the flow pattern 
compared to I-shape solid groin model. The part of a combined groin model near the main channel 
is made permeable to allow the flow through the structure to minimize the strong vortices near the 
groin head and to develop gradual deceleration of flow velocity towards the bank. The groin models 
used in the study are shown below (Figure 2). 

 
Fig. 2 – Groin models 

The channel bed is prepared with fine sand with a thickness of about 30.0 cm. First, the sand 
is washed to remove silt and clay from this, and then this is placed on the channel bed and is levelled 
with a wooden scraper. A certain flow condition is considered in the study, and it was maintained the 
same for all the cases. The experiments are conducted under clear-water scour conditions. This 
scour occurs when the bed materials are not in motion before the control section. This condition is 
initiated in the channel when the shear stress being induced by the water flow does not exceed the 
critical shear stress of the bed material, and this is established after some trials. The depth of flow 
in the channel with the groins is kept constant. It is kept around 10.0 cm in the channel. This depth 
is controlled and adjusted by the tailgate set at the end of the channel. The discharge is measured 
by the flowmeter (0.03 m3/s) and the depth of flow in the channel is maintained the same for all the 
cases in the study.  
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Four different sets of groin models with six models in each set are utilized in the study and 
their effects on the channel being examined.  The first model of each set is installed at a distance of 
10.0 m from the upstream end, and the rest five models are placed at an interval of twice their length. 
The channel bed is carefully levelled using a wooden scraper to ensure surface regularities along 
the channel bed in order to consider this as the initial condition. The models are embedded in the 
sand bed so that 30.0 cm of its height goes under the sand bed. 

 

Working procedure 

In the beginning, the flow of water is run at a very low speed and allowed to enter the main 
channel slowly only to wet the sand bed, and after draining, the bed level is measured with a point 
gauge to find the initial bed level. Next, the flow is allowed to enter the channel gradually and the 
flow is increased by a check valve mounted in the discharge pipe to adjust the required flow. For 
each experiment, the flow runs up to 2.0 hours, till the depth of the scour hole near the first model 
does not increase, i.e., the equilibrium state is reached. Then, the flow is stopped and the channel 
bed is drained out before measuring the elevations of the final bed.  

The effects of four different sets of groin models on the channel bed are evaluated based on 
scour-deposition patterns. In order to know the scour and deposition in the channel bed, the bed 
levels are measured before and after each experimental run with a point gauge. The bed level before 
each of the experimental runs, i.e., the initial bed level is measured at 10.0 cm grid points along both 
transverse and longitudinal directions in the groin area. However, after the experiments, this is 
measured at 5.0 cm intervals in the longitudinal direction and 2.5 cm intervals in the transverse 
direction to get the uneven condition of the surface well. In almost all the cases, the scour occurs at 
the end of the groin head in the impermeable groin cases, and at the end of the impermeable part in 
the case of a combined groin, where the magnitude of scouring varies with the different models. The 
maximum deposition is, however, observed immediately in the downstream of the scour hole in these 
experiments under clear water-scour conditions. Besides, erosion occurs in the main channel in 
different ways due to the diverted flow from the models. The channel showing the bed with four 
different groin sets before and after the experimental runs is shown in Figure 3. 

  

  

                                             (a) M-1 

 

Fig. 3 – Initial bed (left) and final bed (right) with four different groin 
models 
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                                             (b) M-2 

  

                                             (c) M-3 

  

                                            (d) M-4 
 

Fig. 3 – Initial bed (left) and final bed (right) with four different groin models: (a) M-1, (b) M-2, (3) M-
3, (4) M-4 

DATA ANALYSIS 

The bed level data of both the initial bed and final bed for each set of groin models are taken before 
and after the experimental runs. The change in bed level (∆z) is calculated to determine the effect of 
groins on channel bed, and bed profiles along transverse and longitudinal directions are determined. 
These analyses have been explained in the following sections. 

Changes in bed topography 

From the measured data of initial and final bed elevations, variation in the bed level due to the groins 
is calculated by taking their difference. The depth of scour near the groin head, and average 
deposition in the groin field are obtained from the bed level variation. Also, the changes in bed level 
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due to the groins are recognized in the channel after the groin field which vary from one model to 
another. The bed topographies due to the various groins are shown in the following figures (Figures 
4-7). 

  
 Fig. 4 –  Model M-1 induced bed topography 

The area of scour hole near the first groin model is more pronounced in the case of Model 
M-1 (Figure 4), and this is followed by siltation in the immediate downstream area. The sediments 
from the first scour hole have mainly accumulated here and cannot be transported downstream 
under the present flow conditions. However, the local scour is not visible in the next four groins 
downstream. But the scour near the groin is observed in the last groin as the flow is back on the 
same side where the groins are installed. This solid groin gives obstruction to flow fully causing a 
huge deviation of the flow that leads to flow separation and formation of strong eddies.  Because the 
size and depth of scour hole near the first groin head are much higher. Also, the effect of the flow 
across the channel is wider and it is not even. The flow being obstructed by the solid groin does not 
follow a certain direction, and erosion in the channel bed is observed irregularly. 

  

 
Fig. 5 – Model M-2 induced bed topography 

The area of the scour hole in the L-head groin (Figure 5) is not as large as that is found in 
the solid straight groin. However, in this case, also more scours occur near the first groin compared 
to the downstream ones.  Silt has accumulated in the downstream area of the scour hole in proportion 
to the first scour hole. The eroded area in the channel bed is influenced by the groins regular. 
Although the effect of this groin has gone quite far to the other side, it is still regular. As the water 
returns to the groin side, a little scour can be found near the groin of the downstream end which may 
be due to the reflected flow from the other bank. 
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 Fig. 6 – Model M-3 induced bed topography 

In the case of Model M-3 (Figure 6), the hole in the first object covers a little more space than 
in the second. Due to its shape in the head, this groin does not deflect the flow too far. As a result, 
there are holes near every groin models. In this case, the main flow path passes close to the groin 
area. These groins do not make irregular paths, and the effect of the flow on the other side of the 
channel is not found at all.  

 
Fig. 7 – Model M-4 induced bed topography 

In the case of the combined groin M-4 (Figure 7), since water can pass through the structure 
on the flow side, the flow is not obstructed much. As a result, the flow separation or the eddies is 
reduced, and scour in both area and depth is very few. When it flows through the first groin, its speed 
decreases and goes downstream with a low speed resulting in decreased ability to form scour in the 
downstream groins. So there are no scour holes near the downstream groins. There is no effect of 
these groins on the other side of the channel and no significant change is observed in the bed in 
other areas. In this case, the effect of the flow is greatly reduced. 

Erosion-deposition pattern 

To identify the changes in bed level, the bed profiles are taken along various sections in both 
longitudinal and transverse directions. Finally, the profiles found from different groin models have 
been compared to evaluate the effects of groin models having different shapes and configurations. 
The changes in bed level across the channel width at the location of the first groin are presented in 
the following figure (Figure 8). From the profile, bed level changes (Figure 8) are evident across the 
channel width for the first groin and the variation of the profiles due to the various groin models can 
be recognized. The highest effect can be noticed for the solid straight groin (M-1), where the local 
scour depth is observed that be maximum and then a relatively lesser effect can be observed in the 
case of the L-head groin (M-2). The scouring effect for the other two groin models (M-2 and M-3) 
has decreased significantly. Alignment and permeability could be attributed to the improved 
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response in these cases. For model M-1, the scour-prone zone can be recognized from 30.0 cm 
(groin tip) to 70.0 cm along the transverse direction, and 10.0 cm upstream of the groin section to 
35.0 cm downstream (Figure 4). For model M-2, the scour-prone zone is found from 30.0 cm (groin 
tip) to 47.5 cm in the transverse direction, and 7.5 cm upstream to 12.5 cm downstream from the 
groin location (Figure 5). However, for model M-3, this area can be seen between 30.0 cm to 40.0 
cm in the transverse direction and 10.0 cm upstream to 17.5 cm downstream as affected in the 
inclined part (Figure 6), and for model M-4, this area is between 22.5 cm to 37.5 cm from the channel 
side, and 5.0 cm upstream to 10.0 cm downstream from the groin position (Figure 8). 

 
Fig. 8 – Bed level changes along the cross-section at the first groin 

The maximum depth of scouring formed near the first groin-head due to various groin models 
is shown in the following figure (Figure 9). 

 
Fig. 9 – Maximum depth of scour due to various groin models 

From the figure shown above, it can be found that the maximum value of scouring occurs for 
model M-1 and the minimum for model M-4. These values are 7.2 cm and 3.6 cm, respectively, i.e., 
the scour depth for the combined groin is reduced by 50%. The depth of the scour hole for M-2 is 
very close to that of M-1. But in the case of M-3, it is a bit more than M-4. The maximum scour depth 
for groin M-2 is 6.5 cm, and it is 3.9 cm for groin M-3. Also, the average depth of scour in the scour 
area is calculated for all the groin models. These values are 1.35 cm, 0.70 cm, 0.41cm, and 0.40 cm 
for the groin models of M-1, M-2, M-3, and M-4, respectively. 

An average deposition in the groin field developed by various groin models is presented in 
the following figure (Figure 10). 
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Fig. 10 – Average deposition in the groin field due to various groins 

From the Figure shown above (Figure 10), the average deposition that occurs the groin field 
for different groin models can be observed differently. This is found maximum for the groin model M-
2 and minimum is in case of M-4, and it is almost 10 times more than that of model M-4. Deposition 
from models M-1, M-2, M-3 and M-4 is found 0.07 cm, 0.29 cm, 0.13 cm and 0.03 cm, respectively. 
It is worth mentioning here that the experiments are conducted under clear water scour conditions, 
and even in the control area, the presence of suspended sediments is not significant. As a result, 
the deposition in the groin field does not truly reflect the natural flow environment as prevalent in the 
lowland river where the siltation of fine suspended sediment particles occurs in the slow flow zone 
of the groin field. 

Discussions 

From the figures presented above, the effect of the groin models on the channel bed is quite 
evident. Among these, the effect of the conventionally used groins, the solid straight one (M-1) is 
quite irregular. For large and irregular effects, there is an effect on a distant and some important 
installation, and no good channels are generated in a certain direction which could not be a good 
arrangement for navigation either. The scour near the other bank occurs, which might not be 
expected in many cases. The returned and oblique flow on the bank can be more dangerous as 
observed in the Jamuna River [17]. Also, for larger holes nearby, its stability can be assumed to be 
lower. Compared to Model M-1, the effect of the flow in the M-2 has been much more regular or 
even. Its stability is expected to be higher with a comparatively less scour depth. By conducting the 
flow through the space close to the groin area, a suitable channel for navigation can be found with 
Model M-3. However, since the flow returns quickly with a short distance, the distance from one of 
the continuously placed groins to the other does not show much. As a result, the return flow can 
come back resulting in an attack on the bank of the river or channel for which the groins have been 
provided.  

In the combined groin (M-4), the flow does not come back towards the bank or side where 
the groins are placed leading to less scour in the vicinity. However, the concentration of flow in a 
certain direction may not be so good. Pointing to the permeable end of the groin towards downstream 
may point the flow somewhat in a certain direction, although this has not been observed under the 
low flow conditions in the present experiments. However, this arrangement can reduce the problem 
of debris flow to minimize the force from the debris and also can allow debris to flow along the 
downstream direction. In this case, there is lesser tendency to damage any important object placed 
on the far or other bank, and there is less chance for returning the flow that can affect the bank where 
the groins are installed. So, in this case, groins can be placed far away. Having a very few scour in 
the vicinity of the groin head, a combined groin could increase its stability and longevity. As a result, 
the costs of groin implementation for the protection of the river bank from erosion can be less. 

Although a deeper channel cannot be recognized rightly under the present experimental conditions, 
its evolution can be marked relatively uniform along the definite direction in the case of downstream 
aligned groins (M-3 and M-4). The deeper portion of the main channel developed for M-1 is not found 
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uniform; while M-2 modifies the channel far better than M-1. Deposition in the groin field is not found 
significant in the experimental runs as the suspended sediment particles in the flow are very few, 
and the experiments are conducted under clear water scour conditions. The silt from the scour hole 
has accumulated in the downstream area as it cannot be transported under the prevailing flow 
conditions and available channel bed materials. 

CONCLUSIONS 

As the groin models with different configurations behave differently, the extent and 
distribution of erosion and deposition in the channel bed are different. From the changes in bed 
levels, i.e., erosion-deposition reflects from the channel bed due to the groins as discussed earlier 
and the following conclusions can be drawn. 

In the case of solid I-shaped groin, as the flow is deviated, a huge, deep and large scour 
holes have formed near the groin structure. Also, the flow being deviated from the groin returns to 
the same bank get obstructed from the other bank, as recognized from the erosion and the channel 
that has been created is found irregular. The flow for L-head and hockey-shaped groins has 
improved compared to the first one as changes in bed level are found defined and regular, whereas 
the depth and size of scour holes near the groin have decreased. However, for the hockey-shaped 
groin, the flow is attracted towards the groin area, and thus groins are required to be placed closely 
in series. The flow has deviated slightly in the case of the combined groin as it allows flow through 
the structure, and flow separation is minimized resulting in a very few scour hole. As the scour 
endangers the stability of the groin structure, the stability of the groin can be expected to be higher 
in this case. 

A major deposition of sediment occurs immediately in the downstream of the scour zone near 
the groin head. The formation of this scour hole can be attributed to the sediment deposition. The 
deposition measured in the groin field is found maximum for model M-2, and minimum for M-4. The 
deeper channel which provides navigation facilities does not show clearly in these present 
experiments; however, a defined path of flow towards the downstream direction is quite apparent for 
the downstream aligned groins (M-3 and M-4).   

As the suspended sediment particles are not significantly present in the channel environment 
and the experiments are carried out under clear-water scour conditions, the deposition in the groin 
field does not properly show up. Therefore, when it comes to the question of stability, the combined 
groin shows better performance than others in terms of minimum scour near the groin tip. 
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