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Abstract  
 Usually the rivers are exposed to sedimentation and 

erosion, which affects the river morphology and its 

protection policies. Thus, it is very important to 

understand the mechanism of scouring and to control 

the process. In this paper, the impact of groins as a 

flow transverse structure for controlling the river 

erosion is studied. Experiments were performed on 

attracting groin series at Water Research Institute of 

Ian under 135, 120 and 90 degrees. The tests were 

repeated with the discharges of 80, 100, and 120 lit/s, 

using bed load materials of average 2.5mm diameter. 

The relative distance between the series of groins 

were fixed at 1, 1.5, and 2. Therefore, total number of  

27 experiments were conducted to understand the 

process and express the scour depth in such 

situations. A relationship was also suggested to 

determine the scour depth with respect to the relative 

distance, the transverse angle of groins, and the flow 

conditions.  
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I. Introduction 

Traditionally, rivers are known as the main source 

of water supply for the societies. Archeologists 

believe that well-known ancient human 

civilizations were established close to the rivers to 

make use of available water resources in river 

systems. Therefore, the vital impact of rivers on 

human life always remains an important subject. 

However, riverbank settlements introduce many 

benefits, as well as risks and hazard to their 

habitants [1]. Lake of attention to the river 

mechanisms, leads to adverse impacts to the 

environment and water quality. This negligence 

during the river floods causes environmental 

degradation, and damage to the river structures and 

life and properties of the residents [2]. Erosion of 

bed and abutments is also associated with these 

impacts. Amongst different river protection 

techniques, barrier structures such as groins are 

widely recommended as an effective river 

protection method. These structures are used to 

deviate the flow from the erodible river banks 

towards the main stream. They also reduce the 

approaching flow velocity to the walls and 

improve the sedimentation on the river banks [3]. 

In this study, scouring around groins and its 

dependence on flow hydraulics and sediment 

characteristics and geometry conditions is 

investigated.     

 

II. Erosion and Groin 

Erosion is an important phenomenon which is 

associated with the river evolution and alterations 

including the riverbank and its bed layer. Slope of 

the river, floods, meanders, sediment and 

watershed characteristics, and geological and 

geotechnical aspects are the main sources of river 

morphology and its variation. Direct or indirect 

intervention on river environment for utilization 

purposes or river management may intensify the 

erosion process [4]. Stability, safety, and operation 

of groins in rivers need careful assessments of the 

size and the domain of erosion around these 

structures. However, the base level of the groin 

and especially the nose should extent below the 

scour depth. Length, height and side slope of the 

groins and the relative distance between the groins 

are the main factors in the design and application 

of these structures. So far, these parameters have 

been the core of many investigations. 

SCIENTIFIC COOPERATIONS WORKSHOPS ON ENGINEERING BRANCHES 12-13 September 2015, Istanbul - TURKEY

SCIENTIFIC COOPERATIONS WORKSHOPS ON ENGINEERING BRANCHES 
                                                               102

mailto:kavianpour@kntu.ac.ir


 

Groins are crossing structures to the river axis with 

different angles, which are installed at the 

riverbank. These structures have been designed 

and implemented for a variety of purposes, 

including the deviating of flow to the desired 

direction, creating a proper width for the flow, 

increasing flow depth for navigation purposes, 

prevention of the riverbank erosion, and river 

protection. Groins are also used to deviate the flow 

from the outer bends and trapping the sediments to 

create new river banks. They are made of different 

materials such as, aggregates, rocks, sand and 

gravel, gabion and piles. Groins are installed 

transverse to the flow direction, to increase the 

flow velocity in front of it [5]. This phenomenon 

put the structure in destruction danger and causes a 

pattern of scour hole in front of it.  

These structures are usually observed in series. 

The first groin on the upstream is constructed very 

solid, stable, and well detailed to overcome the 

major flow impact on it as a frontier [6]. They are 

very simple structures, suitable for various flow 

conditions, and widely applicable for river 

management and especially bank preservation and 

stability. Therefore, better understanding the 

erosion process around groins is an important task 

for the design, protection and retention of such 

structures.  

Erosion is a function of different factors such as, 

type of groin, its structure and geometry, flow 

discharge, fluid and sediment characteristics, the 

distance between the groin series, and the angle of 

the groins with flow direction [6]. Multiple types 

of these structures can be found, based on their 

geometry and their outcome on flow pattern. 

Classification of the groins is based on the 

following features: 

 Structural material: The groins are classified 

into permeable and impermeable type. In this 

work, the effect of pore pressure is neglected 

and the groin is assumed impermeable.  

 The Crest submergence: The level of groin 

crest with respect to the water surface 

elevation introduces two types of submerged 

and free groins. In this work, these two types 

are considered together with the threshold 

condition for further study. 

 The Groin angle with flow direction: Based on 

the effect of groins on river flow, they are 

divided into attracting or attracting, repelling 

or inclined, and deflecting or normal. 

Attracting groins are constructed with an 

inclination downstream and thus, drag the 

flow pattern. These are recommended in case 

of water intakes lay close to the riverbanks. 

Deflecting groins are normal to the flow 

direction and are used to divert gently the flow 

from riverbanks without causing intense 

deviation towards the front shore. Repelling 

groins are constructed with an inclination 

upstream. These are used to protect river 

shores for higher water flow elevations. This 

kind of groins diverts the flow from the river 

banks toward the front shore.   

 Shape of the groin nose: Based on the shape of 

the nose, the groins are divided into different 

types such as, straight, L shape, T shape, 

Hockey, and kinked. The shape will affect the 

erosion and sedimentation process and 

introduced unpleasant consequences.   

Ahmad (1951) performed experiments on the 

effect of different groin shapes on the downstream 

protection length and also the effect of two 

installed groins on each other [7]. A group of 

researchers attempted to interpret the flow around 

the groin and especially vortex formation 

downstream of the groin to determine the 

appropriate location for the second groin. Roger et. 

al. (1999) investigated the volume of the created 

scour hole in front of angle of 90 degree [8]. It was 

observed that in submerged groins, flow depth to 

groin height ratio significantly affects the 

geometry of the scour hole. For the highest flow 

depth to groin height ratio, maximum scour depth 

shifts from the groin to the channel sidewall and 

causes secondary scour downstream of the groin. 

Elawady et al. (2001) investigated flow and scour 

patterns around thin plate groins located in a 

straight channel [9]. They considered different 

groin lengths (5, 10, and 15cm), groin heights (2.5, 

5 and7.5cm), discharge (73, 90, 104, 120, 145, and 

180 lit/sec), submergence ratio (low and high 

submergence) and the groin angle to the bank (60, 

90, and 120 degrees). They concluded that the 

maximum scour depth occurred at the upstream 

side of the groin. In submergence condition, 

maximum scour depth reduces and by increasing 

the groin length and decreasing the flow depth, 

scour hole increases.  

Kuhnle et al. (2002) investigated the scour around 

the trapezoidal submerged groins in a straight 

channel, considering three groin angles (attracting, 

perpendicular and repulsive) [10]. They concluded 

that the maximum scour hole occurs around the 

repulsive groin, while the highest bank erosion 

potential occurred in case of the attractive groin. 

Ishigaki and Baba (2004) investigated the flow and 

scour patterns around submerged and non-

submerged trapezoidal groins with perpendicular 

and attracting (25 degree angle relative to the 

downstream) condition [11]. They observed a 

scour hole that was less deep but closer to the 
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groin, in case of the attracting condition. They 

indicated that the perpendicular groin was more 

appropriate to protect the riverbank. 

Nagy (2005) investigated the scour pattern around 

submerged and non-submerged groins in two 

attracting and perpendicular conditions with 30, 60 

and 90 degrees angle in a straight channel [12]. He 

concluded that in case of the attracting groin, less 

volume and maximum depth of scour hole 

occurred. The rate of scour was higher in 

perpendicular groins compared to the attracting 

one. Maximum scour depth, width and volume of 

non-submerged groin were also more than those of 

submerged groin. Duan (2009) also experimentally 

investigated three-dimensional bed deformations 

around the impermeable groins in a straight 

channel [13]. Table 1 presents a review of 

relationships, which have been proposed by 

previous investigators [14]. In these equations ys 

:maximum scour depth, y1 : upstream water depth, 

q: upstream discharge per unite width, ρs: specific 

mass of the bed materials, b: width of the 

abutments, L : length of the abutment, u : mean 

upstream velocity, and uc : threshold critical 

velocity. Other parameters are defined within the 

table.   

 

Table 1. Previous equations for scour depth around 

abutments and groins [14] 

 
Notation Equation Author 

Discharge 

per unit 

width  

 (mm) 

 

 

Neil 
(1973-

1980) 

  

Richard

son 

(1975) 

 

 
 

Lim et 
al. 

(1992) 

 
The 

equivalent 

discharge 

related to 
the river 

width 

which is 
open 

Q 

Total 
discharge 

 
:  Critical Froude Number at 

threshold 

 : Froude Number in floodplain 

 
 

Sturm 
et al. 

(1994) 

b width of 

abutment 

B width of 
the river 

M=b/B 

 

 

Hoffma

n 
(1995) 

 

 

 

III. Experimental setup 

Experimental setup was constructed at Water 

Research Institute of Iran. Experiments were 

conducted in a concrete rectangular flume, having 

6m length, 1.6m width, and 0.6m depth. Schematic 

view of the flume is shown in Figures 1 and 2. A 

series of three grones with the arrangement of120º 

attracting, 135º inclined, and 90º normal were 

used. Experiments were repeated for two types of 

permeable and impermeable groins. Stony grains 

with specific gravity of 2.565g/cm
3
 and the size of 

2-4cm were used for the permeable groins. 

Dimensions of the repulsive, perpendicular and 

attractive groins are shown in Table 2. The first 

groin was fixed at 50cm from the inlet to assure a 

uniform and non turbulent approaching flow 

condition.  

 

 
 

Figure 1. Schematic view of experimental setup 
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Figure 2. Experimental process  

 
Table 2. Characteristics of the groins used in this experiment 

         Groin 

                   type 

Groin 

Characteristics 

Attractive 

groin 

Perpendicular 

groin 

Attractive 

groin 

Upper crest 

length 
27cm 27cm 27cm 

Nosing length 23cm 23cm 23cm 

Total groin 

length 

50cm right 

70 cm left 
50cm 

50cm right 

75 cm left 

Lower width 48cm 48cm 48cm 

Upper width 8cm 8cm 8cm 

Height 20cm 20cm 20cm 

Bank slope 1:1 1:1 1:1 

Angle to the 

flume wall 
135 degrees 90 degrees 120 degrees 

 

 

Non-cohesive fine-grained particles with 

uniformity coefficient of less than 1.3 were used to 

cover the bed of the flume with the thickness of 

0.2m. Based on the maximum scour depth, the 

equilibrium time of 8 hours was determined. 

According to Figure 3, extending the experiments 

will not result in significant increases of the scour 

depth after this time.  

 

 
Figure 3. Variation of scour depth with time 

 

Froude number of flow varied from 0.29 to 0.33. 

Three conditions of submerged, free and the 

threshold for the groins were considered in this 

study. task of this work is to determine the effect 

of discharge (Q), relative distance between the 

groins (S/L) with respect to their length (L), and 

the type of grones on scouring around different 

types of groins. Discharge is related to the 

condition of submerged, free and threshold for 

groins and the type of groins is related to 

settlement angle of groin with respect to the flow 

(θ). Therefore, 27 set of experiments based on 

Table 3 were conducted.  

 

 
Table 3. Description of the experiments 

90 Degree Normal Groin 

S/L 
Test 
No. 

Q S/L 
Test 
No. 

Q S/L 
Test 
No. 

Q 

2 3 

80 

2 2 

100 

2 1 

120 1.5 6 1.5 5 1.5 4 

1 9 1 8 1 7 

120º Degree Attracting Groin 

S/L 
Test 

No. 
Q S/L 

Test 

No. 
Q S/L 

Test 

No. 
Q 

2 12 

80 

2 11 

100 

2 10 

120 1.5 15 1.5 14 1.5 13 

1 18 1 17 1 16 

135º Degree Inclined Groin 

S/L 
Test 

No. 
Q S/L 

Test 

No. 
Q S/L 

Test 

No. 
Q 

2 21 

80 

2 20 

100 

2 19 

120 1.5 24 1.5 23 1.5 22 

1 27 1 26 1 25 
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IV. Results 

First of all, the channel bed with its fine materials 

was smoothed and flatted, and then the groins with 

the desired distances were located on the bed 

surface. The flow pattern surrounding the groins 

was associated with the formation of vortices. The 

size of these vortices is a function of the main 

parameters of Table 3. Figure 4 shows a typical 

results of experiments for S/L=2, Q=80lit/s, and 

θ=120º. Formation of dunes and pits on the 

channel bed surface is observed around the groins. 

The figure shows the longitudinal extension of bed 

forms from 1
st
 goyne towards the 2

nd
 one. No 

deformation is observed on other segments. On the 

cross section, the deformation does not extend 

towards the side walls. Maximum scour depth 

happens between the 1
st
 and the 2

nd
 groins and 

close to the 1
st
 groin nose. Figure 5 and 6 also 

show another results of two and three dimensional 

view of bed deformation or topography of the 

channel bed for S/L=2, Q=80lit/s, and θ=120º. 

The figures show similar topography description 

of the bed formation. Measurements showed a 

maximum scour depth of 7mm downstream of the 

1
st
 groin.  

 

 

 
Figure 4. Typical experimental results for S/L=2, Q=80lit/s, 

and θ=120º 

 

 

 
Figure 5. Two dimensional bed deformation of the channel 

(S/L=2. Q=80lit/s, θ=120º) 

 

 

 
Figure 6. Three dimensional bed deformation of the channel 

(S/L=2. Q=80lit/s, θ=120º) 

 

 

Different parameters are effective on the safe 

operation of groins in shore protection and also 

riverbank scouring. Based on the dimensional 

analysis, relationship between the scour depth and 

the main parameters can be derived. Therefore, 

applying the Buckingham theory can lead to the 

following equation [15]: 

1) 

(z) : maximum scour depth 

Coefficients a, b, c, and d are determined by 

regression analysis of the experimental results. The 

following equation was determined with R
2
=0.85 

for maximum scour depth: 

(2) 

 

 

V. Conclusion 

In this study, experimental investigation of scour 

depth around series of groins was studied. 

Submergence condition, relative distance, and the 

angle of groin with respect to flow direction were 

considered. It was realized that scour depth (z) 

increases with relative distance (S/L), the angle of 

groins (θ) with flow direction, and also the Froude 

number of flow (Fr). The effect of θ is pronounced 

and then, Fr remains important. Based on the 

dimensional analysis and the results of regression, 

a new formula was suggested to determine the 

scour depth in such conditions.  
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