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Abstract 

The main objective of Installation of groynes in rivers is to save the destruction of river banks 

caused by sediment erosion in the form of flood.  

The hydraulic features (the water level, the velocity of flow, flow of main stream, depth of 

sand) depend on the groyne that affects the bank protection. The design factors, the spacing, 

length of groynes & thickness of groynes also affect the flow in a river. If length of groyne 

increases, it helps in increasing bank protection but if it is increased over a desired limit, it 

leads to chocking of flow in a river. If simultaneously net head of groyne & velocity in the 

main channel change considerably, this will result in risk of causing severe local scours on 

structures. Recirculation flow between groynes develops because of launching of groyne 

series.  

It is necessary that groynes should be designed with appropriate spacing to save banks as 

erosion of banks may take place depending on spacing between groynes that may generate 

strong reverse flow.  

The experimental analysis provided information about the following: 

(i) The X-stream distribution of the velocity 

(ii) The cross stream distribution of the depth of sand 

(iii) The depth of water for all cases for plain sand bed as well as well as groyne bed 

(iv) The morphological developments in the groyne fields in different flow conditions 

 The results lead to the following conclusions: 

(i) The depth of sand curves, the velocity distribution curves & the Froude number 

curves are analysed all along the length of the flume in main river channel, along 

the centre line & in the groyne field for all tested cases.    

(ii) In all tested cases, there was net import of sediments into the groyne fields 
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(iii) We chose that case in which there is least erosion of soil and that was determined 

from the depth of sand curves and also from the weight of sediment sample taken 

from each set of experiment during flow condition 

In our case of submerged groynes, the sediment is transported to the groyne fields across the 

whole length of normal line. Diffusion through the mixing layer & secondary flow circulation 

play a role. 
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Chapter 1 

Introduction 

Groynes are embankment structures that are constructed perpendicular to the river flowing 

starting from the bank into the river up to a defined limit. 

The basic aim of constructing groynes is to save the bank that is supporting them by diverting the 

water current away from the river bank. The additional advantage of groynes is that they promote 

channel navigation by deepening the river at the channel centerline. They promote scouring & 

transportation of sediments where required. Groynes provide an economical &eco-friendly 

solution for calculation of scouring along the outer banks of the channel bends.  

 

Fig:1.1: Groynes on the European Coast 

In Netherlands in the River Waal groynes were used from the 1700s starting. The initial use of 

groynes was by land owners to save their property from flood and to manage sediment flow in 

the river. A management type committee was established named RIJKSWATERSTAAT to 

monitor the systematization of groynes. 

For reduction of flooding & bank erosion losses the RIJKSWATERSTAAT suggested extra 

placing of groynes at regular intervals & all these groynes were placed normal to the bank of the 

river. 

One more important European river controlled by groynes is River Elbe. During the Nineteenth 

and twentieth century, 7000 groynes were constructed on the River Elbe in order to improve 

navigability as per Wirtz (2002). During these many years, most of the groynes got spoiled & 

lost their hydraulic function & this was assumed that around 2900 are still remaining. 
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A case study of Carsen River in Nevada is reported here as a reference. The river suffered 

considerable bank erosion & damage in a 1997 event of flood. A meander of 4.5 m bend was cut 

in the flood & it was handled with a number of ways i.e. bioengineering methods, use of groynes 

& re-vegetation.  

Piper-et al 2001(this site served as a best model for practical analysis of students, workshops & 

for other purposes giving different methods of bank protection). For extra safety of river banks, 

five groynes were built with numerous planting and vegetation between the groynes. In this way 

good results were obtained by observing the site (Piper-et-al 2000). It was very successful 

method to protect the river banks. The groynes deviated the flow from the bank of the river with 

whatever the water level by creating pockets of still water, deposition of sediments & planting 

vegetation (bio-engineering treatment) in between the groynes. The contribution to achieve land 

& habitat was the deposition of sediments between the groynes and the motion of Thalweg that 

was deviated from the outer bank. 

 

Fig: 1.2: Thalweg in a River. 
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Fig: 1.3: Flow Thalweg and Separation around a Single Groyne 

It was concluded by Piper-et-al that for such specific bio-engineering projects observation must 

be done for 2 years or a flood occurrence should be observed.  

Another reference of Washington State Department of Transport (WSDOT) has used 

groynes for saving shallow rivers & also to save crossings & betterment of aquatic bodies 

(Papanicolaon-et-al 2004).On the basis of their investigation it was found that for gravel-bed 

rivers groynes can be utilized in the Pacific North West.  

The WSDOT along with IOWA University worked out laboratory analysis to find out the details 

regarding  

(i) flow properties along a single submerged groyne  

(ii) Estimation of scouring in the clear water scouring condition for a groyne. 

 

The basic features for Designing STREAM BARBS are 

(1) Spur length perpendicular to river bank 

(2) The distance between two continuous stream barbs 

(3) Top of Groynes 

(4) Scouring at the head of stream barbs 

We can make the stability of river banks with the help of construction of groynes very easily. For 

the protection of river bank & embankment, single groyne can’t help unless we construct more 

groynes along the river bank.  
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To enlarge & improve the efficiency of river navigation, a series of groynes is preferred as 

compared to a single groyne. Composite groynes are highly effective as compared to a single 

groyne. 

 

Fig: 1.4: Change in Shoreline position after Application of groynes 

It is considered that series of groynes are causing sufficient obstruction in the river flow but 

actually it is making good alignment of the river & thus making a smooth river flow but in single 

groyne, its effect is only localized. Both these aspects affect the morphology of the river as well 

as smooth flow of the river. Therefore the current research analysis deals with the role of series 

of groynes in a river.  

 

Types of Groynes 

On the basis of their design, building & effect on river flow, groynes can be put in different 

groups: 

(1)On the basis of used material and Building Technology 

Permeable Groynes: Permeable Groynes are those which allow water to pass through it. They 

are made of Bamboo & Wooden material. They are used in those rivers that have low velocity of 

flow. 
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Fig: 1.5: Permeable Groynes 

 

Impermeable Groynes: Impermeable Groynes are those that don’t allow water to pass through 

it. Their construction is done with rubble masonry stone work. They are used in those rivers that 

have high velocity of flow. 

 

Fig: 1.6: Impermeable Groynes 

(2)On the basis of Immersion 

The design of Groyne also depends on whether it is emerged or submerged.  

Emerged Groynes are those whose top remains above the surface of the water whereas 

submerged groynes are those which remain totally under water.  

In case of flooding period and non-flooding period, the condition of emergence and submergence 

also varies.  



7 
 

 

(3)On the basis of Alignment of River Flow 

The groynes are constructed normal to the river bank or are having certain inclination upstream 

or downstream w.r.t the river. 

(a) Normal Groyne:  

A normal groyne is that which is made perpendicular to the river bank and is also called as an 

ordinary bank.                                                         

 

                               Fig: 1.7: Normal Groynes as per Barkdoll-et-al(2007)   

(b) Repelling Groyne: 

A repelling groyne is one which chases away the river water from it & is bend upstream. The use 

of such groynes can be seen in case of major channels. 
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When the groynes are sufficiently long, still pockets can be seen in the upstream part of the 

groynes.                                      

 

Fig: 1.8: Repelling Groynes as per Barkdoll-et-al(2007 ) 

(c) Attracting Groyne: 

As the name suggests, attracting groynes are attracting in nature & attracts the river flow towards 

it & are bent upstream. 

On the downstream slope of the river in case of attracting groynes, use of heavy protection is not 

required. The formations of scour holes in an attracting groyne are near the bank of the river 

whilst in repelling groyne they are developed away from the bank.  

 

Fig: 1.9: Attracting Groynesas per Barkdoll-et-al(2007 )  
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The attracting groynes make the scour holes very close to the river bank & also invite eddy 

currents near bank & thus give a chance to flood water to easily erode the river bank. That is 

why, they are not preferred as compared to repelling groynes.  

Design Consideration of Groynes 

The basic features for designing stream barbs taken into consideration are as follows: 

(i) Groyne Length 

(ii) Spacing between groynes 

(iii) Orientation of Groynes 

(iv)Height of Groynes & Bottom of Groynes 

 

(i) Groyne Length: 

The land available on the bank of the river helps us in deciding the length of the river.  

Reposing angle of Sand 2.5H: 1V 

The groynes that are much larger in length may make the river narrower & will chock the river 

flow. Such groynes can’t control a flood event of very heavy discharge.  

The ratio of the groyne length and the river width should not go beyond 1:5 otherwise it will 

cause hindrance in the river flow. 

We may face failure and damage of river banks when we are making too lengthy groynes.  The 

length of groyne should be started by starting from a small length & increasing length on the 

basis of silting inside the river up to a saturation point.  
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                                   Figure 1.10: Details of a Groyne Field Top View      

 

However for constructing the length of stream barbs no general rule can be used. It all depends 

on experimental & physical conditions. A long groyne can be useful to change the direction of 

the whole river flow. If it is compulsory, the erosion in the river on the opposite bank on which 

the groynes are not provided should be predicted & allowed.  

(ii)Spacing between Groynes: 

The measurement of spacing of groynes depends on the length of groynes. The length of groyne 

is very important factor for protection of the river banks.  

The ratio of spacing between groynes to length of groynes is used for the determination of 

horizontal eddies that are formed along the head of the groyne. The ratio of spacing to length of 

groynes from 2 to 4 forms two types of circulation patterns, one big eddy current that is formed 

in groyne’s downstream part and a heavy vortex formation in upstream part of groyne. The 

formation of meandering loop like may take place when groynes are spaced too apart.  

On the other hand, when these stream barbs are placed very close to each other, it will be totally 

uneconomical & thus will result in reduction of efficiency & improper utilization of each groyne.   
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Fig:1.11: Action of a Series of Upstream Groynes (Joglekar, 1971)  

(iii)Orientation of Groynes: 

The straight groynes may be aligned perpendicular to the direction of flow of the river or they 

may be inclined upstream or downstream according to desired condition unlike other types of 

groynes. 

 

  Figure 1.12: Inclination of Different Angles in Straight Groynes   

The sediment deposition patterns near groynes are dependent on the orientation of groynes 

whether they are inclined upstream or downstream. The angle of deflection of groynes w.r.t 

banks varies between 70 ® to 120® as per Klingeman-et-al 1984.  

The designer of the groyne can decide the length, shape & orientation of stream barbs on the 

availability of the site. The design, length, angle etc. can be judged from model experiments & 

from these the fixing lengths can be determined. 
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         Fig: 1.13:  Classification of Groynes by Appearance in Plan View (as Przedwojski-et al 1995) 

 

T-head stream barbs when constructed are aligned perpendicular to the bank. When the spacing 

between 2 L-Shaped groynes 1.5 times the length of head of groynes, the groynes become more 

efficient for navigation purposes. The formation of scour holes in T-head groynes is less 

extensive in comparison with hockey headed groynes.      

(iv)Height of Groynes and Bottom: 

The height of the groyne for a good result should be above the HFL having sufficient free board. 

When the top level of groynes is less as compared to HFL, it is less costly but its efficiency is 

less as compared to above stated case.  

Submerged groynes can be called as bed bars or deflectors when the height of Groynes is less 

than depth of flow.   

For the determination of the base depth of stream barbs, the effect of scouring & depth of scour 

needs to be analyzed. For easy transportation and navigation in a river, the top width of groynes 

should be 3m. Provision of apron should be given to toe protection & pitching of nose must be 

done heavily.  

 

Flow near Groynes 

The efficiency of a group of groynes in comparison to a single groyne is totally different in case 

of river flow. This current research work deals with series of groynes & its importance.  

 

Emerged Groynes 

The flow near groynes is not significant in the cross section of the river when groynes are 

emerged. Thus the discharge in the main river is not affected by the flow pattern in a groyne 

area. Flow pattern will be least affected if velocity of the main stream is decreased.  
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When the geometry of the flow is changed, the pattern of the flow may also change. The pattern 

of flow near a single groyne is shown below.  

Submerged Groynes 

In comparison to emerged groynes, less research is done to submerged groynes because mostly 

functioning groynes are emerged. Since submerged groynes can be analyzed properly with three 

dimension techniques that require advance computation techniques & more powerful calculation 

methods, that is why more research is not done on submerged groynes.  

The analysis on submerged groynes have shown reduction in the level of water from upstream to 

downstream sides of groynes as analyzed by some researchers namely Aya-et-al(1997), Krebs-

et-al(1999) &Tominga-et-al(2001). The results show that the slope in the main channel region is 

more than between the slope between 2 consecutive groynes. 

The analysis done by Peng-et-al(1997) showed that experimental laboratory tests when 

compared with 3-D numerical results that there is formation of 3-Dimensional features behind 

groynes. An upward motion is formed due to hindrance effect and is seen on the upstream face of 

the groyne. A detaching flow over the groynes reattaches the river bed in the case of groynes 

kept at a greater distance.  

To keep the bed shear stress at a smaller value groynes are placed nearby & thus will control 

reattachment of flow to the bed.   
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Chapter 2 

Literature Review 

The literature review deals with the role of groynes in controlling river erosion. For this purpose 

8 research papers by different authors have been taken into consideration. Mostly the researchers 

have dealt with velocity of flow in water, velocity of sand movement, depth of flow, spacing 

between the groynes, depth of groynes, thickness of groynes & others. This research discusses 

the role of groynes in controlling river erosion. For this purpose researcher investigates on the 

following topics 

(1) Detailed analysis of velocity of water, analysis of sand bed velocity, depth of sand bed, depth 

of water, groyne spacing & dimensions of groyne. These are the main parameters which will be 

taken into deep consideration during into the entire research process.  

(2)With these parameters, we determine the discharge of water, Froude number, Reynolds 

number and with these parameters we also determine the type of flow whether it is laminar, 

turbulent or transitional.  

(3)We also compare the flow properties of sand and water at different sand bed depths & water 

depths. 

(4)In this case, the analysis is done on uniform spacing between groynes and all groynes are of 

same dimension.  

(5)Various types of case studies and discussions will be made on the basis of all these above 

studies.  

Scour Distribution    

The distribution pattern of scouring shows area of high turbulence & flow structures. It also 

indicates information of groyne designs & how they affect pattern of scouring. 

A series of controlled experiments made by Elawady-et-al (2001a, 2001b, 2001c) showed 

attracting, repelling & straight groynes. The result shown by them was the formation of 

maximum scour depth at the tip of groyne in case of attracting groynes. 
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Fig: 2.1: Scour Distribution patterns Adapted from Elawady-et-al(2007) 

(a)Attracting Groyne (b) Repelling Groyne (c) Straight Groyne 

In the case of repelling groynes, maximum scour was on the upstream side between groyne tip & 

channel side wall whereas in case of straight groynes, maximum scour depth was on the 

upstream side along the groyne length. By the increase of groyne length & height, scour depth & 

area increased keeping bed shear constant.  

It has been found that groyne length has the greatest influence on scour. In case of repelling & 

deflecting groynes, water depth increases caused decrease in scour depth and area.  

 

Fig: 2.2: Scour Distribution for repelling groynes with increasing groyne length, and 

water depth for repelling groynes. Columns show constant groyne length, while rows show 

constant water depth (Adapted from Elawady-et-al 2001) 

By the study of groyne height & water depth, all other study parameters remain constant 

including bed shear. So construction of hydraulic jump at low submergence may affect scour.  

The above figure shows submergence ratios of Groyne height from 1.07 to 4.0 for water depth 

from 2.0 to 5.2. 

The scour depth changes within the groyne location for a no. of groynes. At the first groyne & 

the next groyne, the scour will be more or less similar. However on the next groynes, the scour 
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will be different.  Because of the neighboring groynes the depth of the single groyne becomes 

very less.  

By laboratory analysis, Suzuki-et-al 1987 concluded that the local depth of souring at far 

downstream in a no. of groynes is a function of spacing between groynes to length of groynes.   

Flow in Mixing Layer 

In the shallow depth of water, the ratio of flow region is broader than the depth of the river. 

Between the river bed & surface of water, shallow flow remains confined whereas in horizontal 

direction big binding structures can develop. 

 

  Fig: 2.3: Detached mixing layer at the interface of embayment between two groynes shown from dye 

visualizations (left) and PIV measurements (right) as per Weitbrecht-et-al (2007) 

The extension of turbulent boundary layer goes up to the whole water depth& it is an 

identification mark of shallow flows. Energy dissipation & formation of bottom turbulence takes 

place when river surface is rough causing formation of shear stress on the water body.  

With merging of different velocities like river confluence between fields of stream barbs, flood 

plains & the main channel mixing of layers develop. The control of exchange between mass & 

momentum composed of dissolved substances is done by mixing layer.  
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                      Figure 2.4:  Development of Mixing Layer at the Groyne Tip (River Spree 2007) 

As per Wim S.J Uilltewaal, flow patterns are shown in the stream barb field. The different 

groynes have different effects of the water flow and sediment transportation. This will help in 

transportation & flood control. If we make a design of groyne tip and shape adjustable a long 

term profitability of the flow & ecology will be controlled.  

Sediment Transport  

Transportation of sediments is an important aspect of the river morpho-dynamics. 

 

             Figure 2.5: Classification of Sediment Transport as per Jansen-et-al(1994) 

On the basis of size of sediments, different authors have analyzed various types of relations of 

particles size with the navigation methods & these particles are put in 2 categories: 

(1) Bed material 
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(2) Wash load 

The fine size material of the river has contribution only in case of flood but has no effect on 

morphology of river. The eroded material in the catchment area is used for the calculation of rate 

of wash load. As per Asselmen 1997, the material transferred as suspended load was 93% of the 

total load of sediment of Rhine River.  

 

Fig: 2.6: Sediment Rating Curves Developed for Locations along the River Rhine & its 

Tributaries (as per Asselman 1997)  

As observed by H.Friedrich & B.W.Milwille, erosion of sediment is governed by three ways: 

(1)At a downstream of a groyne erosion takes place due to flow turbulent field.  

(2)The main water currents cause erosion near main channel.  

(3)The main water current has effect of erosion in the flood plain. 

H. Friedrich & B.W. Milwille has studied pollution & biodiversity relations in flooding period 

in stream barb area. The groyne structure areas have much scouring during flood and field area 

remains silent water zone, the rest of channel area have low deposits of sediments. They gave 

three flow patterns at the stream barbs, one current pattern in summer discharge, and double 

current pattern in winter discharge & transitional flow in seasonal flood time. Finally it has been 

found by the author that a balanced scouring took place in long duration of flood and complete 

removal of silt didn’t take place.   
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Change in Morphology of River caused by Lowering of Stream barbs 

In 1997 Verheji invented the lowering effects of stream barbs. The results made by him showed 

the groynes under submerged water conditions where the water flow capacity is more.  

Also between the main channel & the stream barbs, a slight velocity gradient is seen in the zone 

of mixing. When he analyzed the flow, he found that water flow velocity is inversely 

proportional to the width of the stream. Because of this effect, if the flow velocity reduces, the 

thickening of the river bed starts.   
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Chapter 3 

Description of Work 

The main aim of work is to analyze the effect of installation of groynes in a river. If we don’t do 

the training of the river, it will lead to the destruction of the banks of the river.  

We need to protect the banks of the river so as to avoid destruction in the river bank area. In this 

work we have seen the installation of groynes in a river at different depths of river & at different 

depths of sand bed. Initially we go for plain bed analysis, and then we install 5 similar groynes 

that are in certain scale with reference to the groynes that were installed in Van Der Waals River 

& some research papers on Sediment exchange between a river & its groyne fields. We are going 

to take that case in to consideration in which there is least erosion of soil.  

It has been found that the effect of groynes is highly beneficial in the area where the flood plains 

are continuously affected due to the meandering of the river. By studying the effect of groynes, 

we can control the worst effects of flood; prevent the devastating effects of our farm land, 

inhabitation, crops & human life. It also has considerable effects on scouring on the river bed.    

In this research work, we carried out a number of tests on the river flume with plain sand bed as 

well as with installed groynes.  

We have done the analysis on 5 submerged groynes of 12cm length, 1.2 cm thickness & height 

of groynes as 4cm. The effective length of the flume to be considered is 250 cm with readings 

taken at every 50cm starting from 0cm to 250cm. All the groynes are of same dimension & with 

uniform spacing of 40.6cm between each groyne.  

The depth of sand bed to be taken into consideration is 2cm for plain sand bed & in the first case 

after installation of groynes. But in the 2
nd

 case of groynes experiment, the thickness of sand bed 

is 1.5cm. 

We did the experiments with different depths of water & we analyzed the bed form propagation 

& flow velocities at various points along the length of the flume.   
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Chapter 4  

Experimental Set Up 

The experimental set up includes 

(1)Flume of 4m length & 30cm width in which 2.5m length is taken into consideration for 

Experiment 

(2) Sand bed of 2cm thickness in case of Plain sand bed & in 1
st
 case of groynes. In the 2

nd
 case 

of groynes, the thickness of sand bed being 1.5cm 

(3)5 Equal Submerged groynes of dimension 6cm length, 4cm height & 1.2cm thickness 

(4)A Point gauge to measure the depth of water and depth of sand 

(5)Manometric setup with pitote tube to measure the velocity of water 

Experimental setup consists of a flume which is certain scale of a section of a river. The length 

of the flume is 4m but the analysis of flow takes place only on 2.5m length of the flume. The 

flume is cleaned by allowing free discharge through it.  

Sand is taken and spread all along the 2.5m length with uniform thickness of 2cm. Initially, the 

flow takes place on plain sand bed with depth of water, depth of sand & velocity of water being 

measured at every 50cm all throughout the length of the flume & every reading is being 

measured at all these readings at 7.5cm, 15cm & 22.5cm width of the river.  

After carrying out the experiments on plain sand bed, then 5 uniform groynes are installed in the 

flume with uniform spacing between them.  The flow is then carried out with different depths of 

water and changes in bed form are analyzed. The same process is repeated with different set of 

experiments. In the first case after installation of groynes, the depth of sand is 2cm & in the other 

case, the depth of sand is 1.5cm initially. In each case, the depth of water, the depth of sand 

&flow velocity of water is determined at every 50cm at 3 points along the width of the river. 

With these parameters, we determine the discharge of water, the Froude Number, the Discharge 

of water & the Reynolds Number of flow.   
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Observations: 

 Observations were carried out on a model of a section of river i.e. flume for the following set of 

experiments with 3 different conditions, i.e. plain sand bed, Groynes installed with sand depth of 

2cm & Groynes Installed with sand depth of 1.5cm. 

Case 1: Plain sand bed with depth of sand bed 2 cm thick 

Case 2(a): Five Uniform Groynes Installed in River flume with depth of sand bed 2cm thick   

Case 2(b): Five Uniform Groynes Installed in River flume with depth of sand bed 2cm thick  

with different depths of water and different discharges of water 

Case 2(c): Five Uniform Groynes Installed in River flume with depth of sand bed 2cm thick 

again analyzed again with more discharge & more depth of water 

Case 3(a): Five Uniform Groynes Installed In River Flume with depth of sand bed 1.5cm 

Case 3(b): Five Uniform Groynes Installed In River Flume with depth of sand bed 1.5cm 

Analyzed with different depths of water and different discharges of water. 

Case 3(c): Five Uniform Groynes Installed In River Flume with depth of sand bed 1.5cm 

Again analyzed again with more discharge & more depth of water. 

Case 1: Plain Sand Bed with Depth of sand bed 2cm. 

At left side of flume (7.5 cm Width) 

            Table 4.1: Flow Properties at Left Side of Flume (7.5cm of Width) Case I                  
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                    Figure 4.1: View of Plain Sand Bed after Flow has taken Place    

 

At middle of Flume (15cm width) 

                    Table 4.2: Flow Properties at Middle of Flume (15cm of Width) Case I        

 

 

Fig 4.2: Front View of Plain Sand Bed Experiment 
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At Right Side of Flume (22.5cm width) 

               Table 4.3: Flow Properties at Right Side of Flume (22.5cm of Width) Case I 

 

 

Fig. 4.3: Depth of Sand Curves for Plain Sand Bed                                                     

                 Fig. 4.4: Velocity of Flow Curves for Plain Sand Bed                                                  
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                                 Fig. 4.5:  Froude Number Curves for Plain Sand Bed                                                    

 

 

                         Fig. 4.6: Velocity of flow vs Depth of flow graphs for Plain Sand Bed   
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Case II(a):  Five Uniform Groynes Installed in River flume with depth of sand bed 2cm thick   

 

                       Fig 4.7: Flow of Water inside Flume for Case II (a)  

At Left Side of Flume (7.5cm width) 

             Table 4.4: Flow Properties at Left Side of Flume (7.5cm of Width) Case II(a)  

 

At Middle of Flume (15cm width) 

              Table 4.5: Flow Properties at Middle of Flume (15cm of Width) Case II(a)                   
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                     Fig 4.8: Top View of Full Flume during Flow for Case II(a)   

At Right Side of Flume (22.5cm width) 

          Table 4.6: Flow Properties at Right Side of Flume (22.5cm of Width) Case II(a)          
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                     Fig. 4.9:  Depth of sand Curves for Case 2(a)                                                            

 

 

 

                       Fig.4.10: Velocity of flow Curves for Case 2(a)     
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                                    Figure 4.11: Froude Number Curves for Case 2(a)     

 

 

                          Fig. 4.12:  Velocity of flow vs Depth of flow graphs for Case 2(a)   
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Case 2(b):  Five Uniform Groynes Installed in River flume with depth of sand bed 2cm thick  

 At Left Side of Flume (7.5cm width) 

              Table 4.7: Flow Properties at Left Side of Flume (7.5cm of Width) Case II(b)               

 

 

                  Figure 4.13: View of dry River Bed of Flume after flow has taken place for Case 2(b)   
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At Middle of Flume (15cm width) 

              Table 4.8: Flow Properties at Middle of Flume (15cm of Width) Case II(b)                    

 

At Right Side of Flume (22.5 cm width) 

              Table 4.9: Flow Properties at Right Side of Flume (22.5cm of Width) Case II(b)           

 

 

                                      Figure 4.14: Depth of sand Curves for Case 2(b)                                                                
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                                 Figure 4.15: Velocity of flow Curves for Case 2(b) 

     

 

                            Figure 4.16: Froude Number Curves for Case 2(b)    

 

 

y = 0.0354x + 0.3074 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0 0.5 1 1.5 2 2.5 3 

V
el

o
ci

ty
 o

f 
fl

o
w

(m
/s

) 

Distance x(m) 

Groynes Installed with Depth of Sand 2 cm Case II 

V1(m/s) At Left Side of 
Flume(7.5cm width) 

V2(m/s) At Middle of 
Flume(15cm width) 

V3(m/s)At Right Side of 
Flume(22.5cm width) 

Linear (V2(m/s) At Middle of 
Flume(15cm width)) 

y = 0.052x + 0.232 

0 

0.05 

0.1 

0.15 

0.2 

0.25 

0.3 

0.35 

0.4 

0.45 

0.5 

0 0.5 1 1.5 2 2.5 3 

Fr
o

u
d

e 
N

u
m

b
er

 

Distance x(m) 

Groynes Installed with Depth of Sand 2cm Case II 

Fr1(m/s) At Left Side of 
Flume(7.5cm width) 

Fr2(m/s) At Middle of 
Flume(15cm width) 

Fr3(m/s)At Right Side of 
Flume(22.5cm width) 

Linear (Fr2(m/s) At Middle of 
Flume(15cm width)) 



36 
 

 

                             Figure 4.17: Velocity of flow vs Depth of flow graphs for Case 2(b)  

 

Case 2(c): Five Uniform Groynes Installed in River flume with depth of sand bed 2cm thick 

At left side of Flume (7.5cm Width) 

                 Table 4.10: Flow Properties at Left Side of Flume (7.5cm of Width) Case II(c)               

 

 

At Middle of Flume (15cm Width) 

                   Table 4.11: Flow Properties at Middle of Flume (15cm of Width) Case II(c)                    
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                      Figure 4.18: Dry River Bed of Flume after flow has taken place for Case 2(b)           

At Right Side of Flume (22.5 cm width) 

                 Table 4.12: Flow Properties at Right Side of Flume (22.5cm of Width) Case II(c)           
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                                                Figure 4.19: Depth of sand Curves for Case 2(c)                                                               

 

 

 

                                                   Figure 4.20: Velocity of flow Curves for Case 2(c)     
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                              Figure 4.21: Froude Number Curves for Case 2(c)     

 

                                   Figure 4.22: Velocity of flow vs Depth of flow graphs for Case 2(c)  
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Case 3(a): Five Uniform Groynes Installed In River Flume with depth of sand 1.5cm 

 

                 Fig 4.23: View of Sand bed after test on Groynes with depth of sand initially 1.5cm       

At left Side of Flume(7.5cm width) 

            Table 4.13: Flow Properties at Left Side of Flume (7.5cm of Width) Case III (a)               
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                              Fig 4.24: Flow of Water in the flume for Case 3(a)  

At Middle of Flume (15cm Width) 

                 Table 4.14: Flow Properties at Middle of Flume (15cm of Width) Case III (a)                 
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                         Fig 4.25: Formation of Scour Holes near Groyne tip for case 3(a)  

 

At Right Side of Flume (22.5 cm width) 

                  Table 4.15: Flow Properties at Right Side of Flume (22.5cm of Width) Case III (a)           
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                                             Fig. 4.26: Depth of sand Curves for Case 3(a)                                                               

 

 

 

                                          Fig 4.27: Velocity of flow Curves for Case 3(a)     
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                                              Fig 4.28:  Froude Number Curves for Case 3(a)     

 

                              Fig 4.29: Velocity of flow vs Depth of flow graphs for Case 3(a)  
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                          Figure 4.30 Bed form Developed near Groyne tip for Case 3(a)   

 

Case 3(b): Five Uniform Groynes Installed In River Flume with depth of sand bed 1.5cm 

At Left Side of Flume (7.5 cm width) 

                   Table 4.16: Flow Properties at Left Side of Flume (7.5cm of Width) Case III (b)               
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                                     Figure 4.31: View of Sand bed after flow for Case 3(b)                                                                 

At Middle of Flume (15cm Width) 

               Table 4.17: Flow Properties at Middle of Flume (15cm of Width) Case III (b)                    

 

 

At Right Side of Flume (22.5cm width) 

                   Table 4.18: Flow Properties at Right Side of Flume (22.5cm of Width) Case III (b)          
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                                                 Fig 4.32: Depth of sand Curves for Case 3(b)                                                              

 

 

 

                                                Fig 4.33: Velocity of flow Curves for Case 3(b)     
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                                  Fig 4.34: Froude Number Curves for Case 3(b)     

 

 

                                  Fig 4.35: Velocity of flow vs Depth of flow graphs for Case 3(b)  
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Case 3(c): Five Uniform Groynes Installed In River Flume with depth of sand bed 1.5cm 

 

                    Fig 4.36: Turbulence created in the flow by upstream currents for case 3(c)  

At Left Side of Flume (7.5 cm width) 

                      Table 4.19: Flow Properties at Left Side of Flume (7.5cm of Width) Case III(c)               
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                                       Fig. 4.37: View of Sand bed after flow for case 3(c)                                                                   

At Middle of Flume (15 cm width) 

                     Table 4.20: Flow Properties at Middle of Flume (15cm of Width) Case III(c)                
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                           Fig. 4.38: Formation of Scour Holes near Groyne tip for case 3(a)  

At Right Side of Flume (22.5 cm width) 

                   Table 4.21: Flow Properties at Right Side of Flume (22.5cm of Width) Case III(c)           

 



52 
 

 

                                     Fig. 4.39: Depth of sand Curves for Case 3(c)                                                                                                                               

 

 

                                                     Fig. 4.40: Velocity of flow Curves for Case 3(c)                                                               
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                                                         Fig. 4.41: Froude Number Curves for Case 3(b)     

 

 

                                           Fig. 4.42: Velocity of flow vs Depth of flow for Case 3(c)     
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 Chapter 5 

Results and Discussions 

The areas between groynes were monitored to help understand the sediment transport process. The 

sediment deposition takes place in case of submerged groynes in the groyne field along the normal flow 

of the river and the sediments are transported into the groynes because of the mixing layer.  

The linear pattern of the ripples in the half way of the groynes field show that some sediments deposit 

on the groynes. From the experimental photographs, it can be easily seen that the upstream part of the 

flume has got most of the soil eroded & deposition on the inner side of the upstream groynes.   

The size of scour and the alignment depend on the level of water in case of submerged groyne. If the 

submergence of the groyne level increases, the scour depth reduces. 

The various results that are generated from all experiments are as below: 

(1)Plain Sand Bed with thickness of sand layer 2cm 

(a)Sand Size: 0.125cm 

(b)Thickness of sand layer: 2cm  

 (c)Weight of dry Sediment Sample: 12.793 gm 

(d)Reynolds Number: 

Maximum = 71789       

Minimum= 17303 

It clearly indicates that the flow is turbulent. 

(e)Froude Number 

Maximum =0.626 

Minimum =0.1347 

From tables and also from graph between Froude Number and depth of flow, we can easily see that the 

Froude number is less than 1. It clearly indicates that the flow is subcritical. 

From fig 5.3, it has seen that the depth of sand initially increases and then decreases & from the best fit 

curve, it can be seen that there is deposition of sediments in the river in case of plain sand bed.  
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 After seeing the graphs between distance of flume & the velocity of flow from fig.5.4, the velocity of 

flow has finally reduced in middle part of flume along the thalweg line & also in the groyne field, but has 

increased in the main river channel.    

(2)(a)Five Uniform Groynes Installed in River Flume with thickness of sand layer 2cm 

(a)Sand Size: 0.125cm 

(b)Thickness of sand layer: 2cm  

(c)Weight of dry Sediment Sample: 17.512 gm 

(d)Reynolds Number: 

Maximum =34135    

Minimum= 14797 

It clearly indicates that the flow is turbulent. 

 (e)Froude Number 

Maximum =0.3859  

Minimum=0.2143 

From tables and also from graph between Froude Number and depth of flow, we can easily see that the 

Froude number is less than 1. It clearly indicates that the flow is subcritical. 

From fig 5.9, it has seen that the depth of sand initially increases all along the flow. But later on in the 

main river there is deposition of sediments seen that there is erosion of sand in the groyne field area.  

 After seeing the graphs between distance of flume & the velocity of flow from fig.5.10, the velocity of 

flow has finally reduced in the groyne field, but has increased in the main river channel.   

(2)(b)Five Uniform Groynes Installed in River Flume with thickness of sand layer 2cm with different 

depth of flow  

(a)Sand Size: 0.125cm 

(b)Thickness of sand layer: 2cm  

(c)Weight of dry Sediment Sample: 14.175 gm 

(d)Reynolds Number: 

Maximum = 76601    

Minimum= 19191  
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It clearly indicates that the flow is turbulent. 

(e)Froude Number 

Maximum =0.45 

Minimum =0.128 

From tables and also from graph between Froude Number and depth of flow, we can easily see that the 

Froude number is less than 1. It clearly indicates that the flow is subcritical. 

From fig 5.14, it has seen that the depth of sand initially increases all along the flow and then decreases 

then decreases & again increases, and from best fit curve, it can be seen that there is deposition of 

sediments in the river in this particular case i.e. erosion is reduced. 

 After seeing the graphs between distance of flume & the velocity of flow from fig.5.15, the velocity of 

flow initially increases and then becomes same at 1.5m length for all widths of flume and the again 

increases and decreases all along the channel in the groyne field as well as the main river channel.    

(2)(c)Five Uniform Groynes Installed in River Flume with thickness of sand layer 2cm again with 

different depth of flow  

(a)Sand Size: 0.125cm 

(b)Thickness of sand layer: 2cm 

(c)Weight of dry Sediment Sample: 16.977 gm 

(d)Reynolds Number: 

Maximum = 111297      

Minimum= 33815 

It clearly indicates that the flow is turbulent. 

(e)Froude Number 

Maximum =0.428 

Minimum =0.16 

From tables and also from graph between Froude Number and depth of flow, we can easily see that the 

Froude number is less than 1. It clearly indicates that the flow is subcritical. 

From fig 5.19, it has seen that the depth of sand initially increases for all cases and then decreases in 

groyne field and Main River channel but increases in the centre of the channel. The best fit curve tells us 

that it can be seen that there is deposition of sediments in the river in case of plain sand bed.  
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 After seeing the graphs between distance of flume & the velocity of flow from fig.5.20, the velocity of 

flow initially increases. In the groyne field it increases up to a point & then starts decreasing. In the main 

river, it increases & decreases and again increases. 

(3)(a)Five Uniform Groynes Installed in River Flume with thickness of sand layer 1.5 cm  

(a)Sand Size: 0.125cm 

(b)Thickness of sand layer: 1.5cm  

(c)Weight of dry Sediment Sample: 16.836 gm 

(d)Reynolds Number: 

Maximum = 71529      

Minimum= 26168 

It clearly indicates that the flow is turbulent. 

(e)Froude Number 

Maximum =0.85 

Minimum =0.243 

From tables and also from graph between Froude Number and depth of flow, we can easily see that the 

Froude number is less than 1. It clearly indicates that the flow is subcritical. 

From fig 5.26, it has seen that the depth of sand initially increases and then decreases. In the main river 

there is finally erosion of sand, but in the groyne field & the middle of the channel, there is deposition of 

sediments. From the best fit curve, it can be seen that there is net deposition of sediments in the river in 

this case. i.e where groynes are installed, there is control of erosion as compared to main river bed 

 After seeing the graphs between distance of flume & the velocity of flow from fig.5.27, the velocity of 

flow has finally reduced all along the length of flume & also in the groyne field & the best fit curve has 

also gone down.    

(3)(b)Five Uniform Groynes Installed in River Flume with thickness of sand layer 1.5 cm with different 

depth of flow  

(a)Sand Size: 0.125cm 

(b)Thickness of sand layer: 1.5cm 

(c)Weight of dry Sediment Sample: 15.723 gm 

(d)Reynolds Number: 
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Maximum = 74127      

Minimum= 29811 

It clearly indicates that the flow is turbulent. 

(e)Froude Number 

Maximum =0.437 

Minimum =0.166 

From tables and also from graph between Froude Number and depth of flow, we can easily see that the 

Froude number is less than 1. It clearly indicates that the flow is subcritical. 

From fig 5.32, it has seen that the depth of sand initially increases all along the flume and then 

decreases upto 1m distance & is then variable for all the 3 cases and near the downstream part of the 

channel it becomes same for all the cases. From the best fit curve, it can be seen that there is deposition 

of sediments in this case also.  

 After seeing the graphs between distance of flume & the velocity of flow from fig.5.33, the velocity of 

flow initially reduces all along the width of flume. In the main river, it reduces and again reduces, but in 

the groyne fields, after 0.5 cm length it increases & then becomes almost constant all along the length of 

flume. 

(3)(c)Five Uniform Groynes Installed in River Flume with thickness of sand layer 1.5 cm again with 

different depth of flow  

(a)Sand Size: 0.125cm 

(b)Thickness of sand layer: 1.5cm 

(c)Weight of dry Sediment Sample: 5.512 gm 

 (d)Reynolds Number: 

Maximum =63738       

Minimum= 37344 

It clearly indicates that the flow is turbulent. 

(e)Froude Number 

Maximum =0.4 

Minimum =0.201 
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From tables and also from graph between Froude Number and depth of flow, we can easily see that the 

Froude number is less than 1. It clearly indicates that the flow is subcritical. 

From fig 5.38, it has seen that the depth of sand initially increases & there is huge increase in case of 

groyne bed as compared to main river channel up to 0.5m length of groyne  and then decrease in depth 

of sand and then again increase in depth of sand for main channel as well as groyne bed.  From the best 

fit curve, it can be seen that there is very large deposition of sediments in the river in this particular 

case.   

 After seeing the graphs between distance of flume & the velocity of flow from fig.5.39, the velocity of 

flow has initially reduced up to 0.5 m length of the flume & then it increases for groyne area & decreases 

for main channel of river  & finally decrease for main channel as well as groyne area. The best fit curve 

for velocity is almost constant along the length of the flume.    
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Chapter 6 

Conclusions 

The results lead to the following conclusions  

(.1.)From all the above cases & their results, it is found that the Froude Number is less than one in all 

cases i.e. subcritical flow takes place in all cases & the full is fully turbulent. Although Reynolds number 

also tell the same thing, but in rivers it is turbulent flow only.  

(.2.) In all tested cases, there was net import of sediments into the groyne fields except for the plain 

sand bed since there were no groynes in plain sand bed. 

(.3.)From all set of experiments, the depth of sand is higher in case of groyne area as compared to main 

river channel. Although there is formation of scour holes near groyne tip but these help to deepen the 

channel surface where required so as to increase navigability in rivers.  

The last case i.e. 3(c) has the least weight of sediment sample & also has the best curve among all 

samples of groynes as well as plain sand bed. The erosion control in this case is maximum as compared 

to other 6 experimental setup cases.  

(.4.)In our case of submerged groynes, the sediment is transported to the groyne fields across the whole 

length of normal line. Diffusion through the mixing layer & secondary flow circulation play a role.  

(.5.) There is formation of Scour holes near groyne tip. The scour holes are deeper in case of upstream 

groynes and are shallow in case of downstream groynes. 
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