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Fig. 1. The system of horseshoe vortex (HV): A) around single submerged groyne, B) during the run; source: own elaboration 

These are called cast-off vortices and have vertical ax-
es. One vortex develops on one side, sheds away and is 
transported to the downstream. Promptly, other forms on 
the other side, lastly shedding also. The wake vortices dis-
sipate during they move down the flow [GHOSH 2018]. 
Overall, the effect of groyne submergence made the flow 
more complex, if the submergence is relatively deep, the 
overtopping flow remains comparatively parallel to the 
flow direction in the flume near the free surface while 
around the groynes field strong re-circulatory motions are 
present. The flow velocity over the roof interface is mostly 
higher than the mean flume velocity and crests as the over-
flow are adverted over the crests of the groynes, so the re-
circulatory motions practically absent near the free surface 
at high submergence levels while it presents in the 
emerged case near the free surface [MCCOY et al. 2007].  

In some of the test cases thought as (relatively low 
submergence depth) it was shown that the momentum that 
enters the groyne domain through the vertical mixing layer 
can obstruct the recirculating pattern. Subsequently, the 
flow inside the groyne field becomes relatively parallel to 
the flow in the flume and then a while shifts back to a re-
circulating pattern until another strong overtopping event 
to take place [MCCOY 2006].  

Local scour parameters which influence the magnitude 
of scour depth at groyne: including flow intensity, flow 
depth, the shape of obstruction, shear and mean velocity 
depends on the equilibrium between flow bed erosion and 
sediment deposition, based on the mode of sediment 
transport [LAGASSE, RICHARDSON 2001].  

Two different scour regimes have been determined, 
clear-water scour and live-bed scour. The flow velocity (v) 
measured in the laboratory experiment should be less than 
the critical velocity (vc) of bedload.  

The scour develops first and subsequently, continue 
until the scour hole dimensions no longer increase and the 
depth of scouring reaches a specific value that is the max-
imum scour depth. And the live bed scour happens for the 
general transition of the material of bed by the flow and the 
approach flow velocity (v) becomes more than the begin-
ning of motion (vc) [HONG et al. 2012]. Then the scour 
hole is reached strong highly but it disperses with time 

since the sediments enter from upstream, consequ ently; 
leaves the scour hole [KIRAGA, POPEK 2016]. 

MATERIAL AND METHODS  

MATERIALS 

The experimental flume. The flume utilized in this 
study, as shown in Figures 2 and 3. It is made of fibreglass 
reinforced plastic with steel reinforcement, with 5.64 m 
length, 0.6 m width and having a depth of 0.4 m.  

 
Fig. 2. The laboratory flume; source: own elaboration 

 
Fig. 3. Detail drawing of a laboratory flume; 1 = inlet tank,  

2 = rail, 3 = weir, 4 = gravel, 5 = screens, 6 = point gate,  
7 = two support, 8 = model, 9 = sand bed, 10 = sediment basin, 
11 = tailgate, 12 = walves to control the tailgate, 13 = reservoir 

tank, 14 = drain, 15 = pipe 10-cm diameter, 16 = centrifugal 
pump, 17 = regulating wave; source: own elaboration 
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Fig. 9. Effect of flow intensity (v:vc) on development of scour depth ratio (ds:h0) for different shapes of submerged groynes;  
v = mean velocity, vc = critical velocity, ds = local scour depth around the groynes, h0 = flow water depth; source: own study 

 
Fig. 10. The effect of flow intensity (v:vc) on scour depth development (ds:h0); v, vc, ds, h0 as in Fig. 10; source: own study 

 
Fig. 11. Effect of Froude number (Fr) on development of scour depth ratio (ds:h0) for different shapes of submerged groynes;  

dS, h0 as in Fig. 10; source: own study 

dimensionless fraction (dS:h0) any increase in Froude num-
ber will increase the depth of scour at surely constant for 
all parameters value.  

Figure 12 presents the impact of increasing Froude 
number from 0.153 to 0.208. It can be seen that scour pro-
cess occur in the wider and larger region, besides; when  
Fr = 0.153 the fewer sediments were distributed around the 
scour hole with small camber.  

While, when Fr = 0.208 the sediments will collect 
around the scour hole sides with very high camber, then  
the sediments starts to reduce and gradually disappear at 
the far downstream of the submerged groyne. 

Effect of submerged ratio (h1:h0) on the local scour 
(dS:h0). The effect of submerged ratio on the scour is very 
important around submerged groynes. Five different exper-
iments were carried out under the same flow conditions 

and observed that the scour depth decrease linearly with 
flow submerged ratio increasing at values with all parame-
ters remaining constant. As shown in Figure 13, it is shown 
that the overtopping flow does make a significant differ-
ence in the magnitude of scour depth, in which increasing 
the submerged ratio is inversely proportional to the scour 
depth ratio. This result is illustrated obviously in Figure 14. 
It is evident that due to the re-circulatory motions practi-
cally absent near the free surface at high submergence lev-
els, and it will decrease the ability of horseshoe vortices to 
pick up and entrain sediments. So; when there flows that 
can be described as deep; the holes of local scour are de-
creased until they become having invisible efficiency, 
while it presents in low submergence level case strongly 
near the free surface causing an increase of scour hole. 
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Fig. 12. The effect of Froude number (Fr) on the ratio of scour depth development (dS:h0); dS, h0 as in Fig. 10; source: own study 

 
Fig. 13. Effect of submerged ratio (h1:h0) on development of scour depth ratio (dS:h0) for different shapes of submerged groynes;  

h1, h0, dS, h0 as in Fig. 10; source: own study 

 
Fig. 14. Photos that clarify the effect of submerged ratio (h1:h0) on the ratio of scour depth development (dS:h0); dS, h1, h0, as in Fig. 10; 

source: own study 

Comparison of local scour between the shapes of 
the groynes. It has been investigated the influence of three 
shapes of submerged groynes (I-shape, L-shape, and  
T-shape) on the scour depth process. Under the same hy-
draulic conditions and for the same effecting parameters, 
for restricting only the impact of changing the shape on the 
scour development. Figure 15 relates with the maximum 
scour depth development with various groyne shape for the 
different parameters. it is observed from these figures the 
scour depth ratio for the (T-shape) type will be as maxi-
mum value as compared with the least value when the 
groyne shape is (L-shape) type. The L-shape had the po-
tential to decrease the velocity in the wake region of the 

structure more effectively than the I-shape and T-shape. 
that is due to the L-shape extension absorbs the energy 
near the downstream of the groyne and distributes it over 
a wider region, while blockage of sediment movements 
occurs behind the groyne by decreasing in the intensity of 
eddies resulting in strengthening of the bank against the 
erosive. Single submerged groynes can be arranged from 
the shape that gives maximum scour hole values to that 
give minimum scour hole values as T-shape, I-shape,  
L-shape where the maximum scour depth that cased by  
I-shape was more than L-shape by a percentage about 8.2%, 
and it was less than T-shape by a percentage about 16.4%, 
under the same conditions of maximum Froude number. 
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Fig. 15. The effect of scour depth ratio (dS:h0) with different groynes shapes for the different parameters: a) flow intensity (v:vc),  

b) Froude number (Fr), c) submerged ratio (h1:h0); dS, h0, h1, v, vc, as in Fig. 10; source: own study 

 
Fig. 16. Contour maps for scour holes submerged groynes in different shape for the cases of maximum discharge;  

dS as in Fig. 10; source: own study 

Bed topography pattern. After the end for chosen 
experiments of maximum discharge, to the comparison 
between scour patterns for submerged groyne, the data for 
bed sand topography level indicator are processed for 
drawing a contour map by utilizing the computer software 
(surfer 17). Figure 16 shows three shapes of graphs illus-
trating the topography of scour holes and downstream sand 
bars, each shape has similar flow conditions, submerged 
groyne geometry, and soil properties. The graphs for sub-
merged groyne show that the maximum depth of scour at 
the upstream nose of the T-head shape. The shape of the 
scour hole upstream of the groyne was conical. while 
downstream, it was elongated and had a shallower slope. 
And the range width of scour depth in front of the groyne 
was 1–2 cm. The height of the sand ripples behind the 
groyne was observed to be about 2.5–3.5 cm, also scour 
and volume for L-shape submerged groyne is smaller than 
that for those I-shape, and T-shape groyne, while each 
shape using in this study formed sand bars in the down-
stream, however, bed sand waves for experiments of  
T-shape groynes extended longer distance in the down-
stream 

CONCLUSIONS 

This study is focused on characterizing the diversity in 
the behaviour of the flow and bed topography near sub-

merged groynes. The flowing conclusions are outlined in 
the study that the maximum geometry of the scour hole is 
begun from the upstream side of the submerged groyne and 
stretch out to reach some distance in the downstream side; 
i.e.; where the maximum scours depth was observed to be 
at the upstream nose of submerged groyne because of its 
interception to the flow. The effect of various parameters 
on controlling scour around the submerged groyne was 
investigated. The results obtained showed that maximum 
scour depth was observed with increasing of flow intensity, 
Froude number. While increasing of submerged ratio could 
decrease the dimensions of scour depth. From the contour 
maps may be observed, scour hole width and volume for 
L-shape submerged groyne is smaller than that for those  
I-shape, and T-shape groyne, while each shapes using in 
this study formed sand bars in the downstream, however, 
bed sand waves for experiments of T-shape groynes ex-
tended longer distance in the downstream. The shape of the 
scour hole upstream of the groyne was conical. while 
downstream, it was elongated and had a shallower slope. 
Single submerged groyne can be arranged from the shape 
that gives maximum scour hole values to that give mini-
mum scour hole values as T-shape, I-shape, L-shape where 
the maximum scour depth that cased by I-shape was more 
than L-shape by a percentage about 8.2%, and it was less 
than T-shape by a percentage about 16.4% under the same 
conditions of maximum Froude number.  
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