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Several methods have been attempted to reduce scour depth 

around bridge piers, such as sacrificial piles placed 

upstream of the pier, slots through the pier, riprap and 

gabion placed around the pier and collar around the pier. 

Following successful application of collar on circular and 

rectangular piers for reduction of scouring, the present 

study examines experimentally the effectiveness of a collar 

on a group of circular cylindrical piers. The experiments 

were carried out in clear-water scour condition with flow 

intensity 0.95 and the group of piers aligned in line with the 

flow, and skewed at 7.5°, 10° and 15°  to the flow, without 

collar and with a collar fixed at sediment bed level. It is 

worth to mention that application of collar on the group of 

the piers studied in this work  is extremely successful in 

producing 100 percent reduction in the scour depth up-to 

7.5°angles of attack  of flow. At 15°  angle of attack, 

application of collar gives 79.3 percent reduction in  scour 

depth.  

INTRODUCTION 

 Scour is the process of lowering of river -bed due to 

removal of the bed material by erosive action of flowing 

water. The presence of an obstruction like a pier in an 

alluvial channel leads to the formation of horseshoe 
vortex at upstream and sides of the pier and also wake 

vortices at the downstream side of the pier because of 

flow separation at the sides. As a result, the flow gets 

modified, bed shear stress increases around the pier and 

scour takes place in the vicinity of the pier. Enlargement 

of the flow cross-section due to the scour eventually 

reduces the shear stress around the pier. The term ‘ local 

scour’ is used to emphasize the fact that the lowering of 

the river- bed occurs only in the vicinity of the pier. 

 Scour around bridge piers as a result of flooding is 

the most common cause of bridge failure (Richardson and 
Davis, 1995; Johnson and Dock, 1996; Melville and 

Coleman, 2000). The potential cost including human toll 

and monetary cost of bridge failure due to scour damage 

has highlighted the need for better scour prediction and 

protection methods. A large depth of foundation is 

required for bridge piers to overcome the effect of scour 

which is a costly proportion. Therefore, for safe and 

economical design, scour around the bridge piers is 

required to be controlled. 

 Various methods have been attempted to control 

scouring around bridge piers, such as using riprap around 

the pier, slots through piers, sacrificial piles in front of a 
pier, piers group and collars. Countermeasures to control 

 

 the local scour at bridge piers can be grouped in two 

categories; 

(1) Armoring devices:   

 In this device, the streambed resistance is increased 

by placing the riprap and gabions around the piers.  

Several researchers (Parola,1993; Yoon et al., 1995;, 
1996 and  

 

 

the local scour at bridge piers can be grouped in two 

categories; 

(1) Armoring devices:   

In this device, the streambed resistance is increased 

by  placing the riprap and gabions around the piers.  

Several researchers (Parola,1993; Yoon et al., 1995; 

Chiew, 1995;Worman 1989, (Lim and Chiew, 1996 and 

1997); Lim, 1998; Chiew and Lim, 2000; Lim and 
Chiew, 2001), Maynord, S.T. (1995),’ have attempted to 

determine the size and extent of the riprap layer. 

(2) Flow altering devices:  

 Using flow altering devices, the shear stresses on the 

riverbed, in the vicinity of pier, are reduced by altering 

the flow pattern around a pier which in turn reduces the 

scour depth at the pier.   

  Attempts have been made by several investigators  to 

reduce the depth of scour around a pier using armoring 

and flow altering devices i.e.,  by placing the riprap 

around the pier (Brice et al., 1978;Croad, 1993; 

Parola,1993; Yoon et al., 1995; Worman 1989, (Lim and 
Chiew, 1996 and 1997); Lim, 1998; Chiew and Lim, 

2000; Lim and Chiew, 2001), providing an array of  piles 

in front of the pier(Chabert and Engeldinger, 1956 and 

Melville and Hadfield,1999), a collar around the pier 

(Schneible, 1951;Thomas 1967; Tanaka and Yano 1967; 

Ettema 1980; Chiew, 1992; Kumar et al., 1999, Zarrati et 

al. 2004), submerged vanes(Odgard and Wang 1987), a 

delta-wing-like fin in front of the pier (Gupta and 

Gangadharaiah, 1992), a slot through the pier(Chiew, 

1992, Kumar et a., 1999) and partial pier-groups (Vittal et 

al. 1994) 

  Flow altering devices can be more economical, 

especially when the riprap material in required amount is 

not available near the bridge site or is expensive. 

Flow pattern and Mechanism of Scouring: 

 The performance of any scour protection device 

around bridge piers depends on how does the device 

counter the scouring process. Flow mechanism of 

scouring around a bridge pier is very complex and has 

been investigated by various researchers (Chabert and 

Engeldinger, 1956; Hjorth, 1975; Melville, 1975; 

Melville and Raudkivi, 1977; Dargahi, 1990; Ahmed  and 
Rajaratnam, 1998 and  Graf and Istiarto, 2002). 

 As the approach flow velocity goes to zero at the 

leading face of the pier, it causes an increase in pressure. 

As the flow velocity decreases from the surface to the 
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bed, the dynamic pressure on the pier face also decreases 

downwards. As a result, a vertically downward pressure 

gradient is developed on the leading face of the pier 

which drives the flow down the pier, like a vertical jet. 

When this down-flow impinges the streambed, it digs a 

hole in front of the pier, and rolls up and by interaction 
with the coming flow forms a complex vortex system and 

a scour hole forms around the pier.  

  The horseshoe vortex deepens the scour hole in front 

of the pier until the shear stress on the bed material at the 

base of the pier becomes less than the critical shear stress. 

The separation of the flow at the sides of the pier causes 

so-called wake vortices. These vortices are unstable and 

shed alternatively. These vortices act as little tornadoes, 

lifting the sediment from the bed.  

 Application of Collar: 

 Reduction of scouring by indirect method can be 

achieved by using a slot in the pier (Chiew, 1992;Vittal et 
al., 1994; Kumar et al., 1999. However, a slot may be 

blocked by floating debris. In addition to this, its 

construction is difficult. A collar around the pier diverts 

the down flow and shields the streambed from its direct 

impact. 

 The scour reduction efficiency of collars has already 

been established in earlier studies (Zarrati et al., 2004; 

Kumar et al., 1999;Chiew, 1992; Ettema, 1980;Tanaka 

and Yano, 1967; Thomas 1967; Schneible, 1951). Kumar 

et al. (1999) performed a series of experiments on 

effectiveness of collar for control of scouring around  
circular bridge piers. Zarrati et al.(2004) conducted a 

series of experiments using a collar for control of 

scouring around rectangular pier having a  collar with the 

same width all around the pier. The piers are  sensitive to 

the angle of attack of flow and scour depth around them 

increases rapidly with an increase in angle of attack 

(Laursen and Toch, 1956; Ettema et al., 1998). Zarrati et 

al. (2004) conducted experiments on rectangular piers 

with varying angles of attack. A scanty information 

however, is available in literature about the application of 

collars on  group of piers.  

 Following successful application of collar plates on 
piers for reduction of scouring, in this paper the 

effectiveness of collar plate on a group of piers was 

studied experimentally 

EXPERIMENTAL PROGRAMME 

 It is well known that experimental methods are 

helpful in understanding and analyzing the behavior of 

complex flow situations which otherwise cannot be 

subjected to purely theoretical analysis. Therefore, it was 

planned to conduct laboratory experiments to study the   

application of collar  on  piers group for scour depth 

reduction. 

 Experiments were conducted in a rectangular re-

circulating tilting flume, 11.0 m long, 75.6 cm wide and 

55.0 cm deep located in the Hydraulics laboratory of 

Civil Engineering Department, Z.H. College of 

Engineering and Technology, AMU Aligarh, India. 

Water was supplied to the flume from a constant head 

overhead tank, which got its supply from the laboratory 

water supply system. Flow straightners were provided at 

the upstream end of flume to ensure uniformly distributed 

flow across the width of the flume and minimum 
turbulence in the flow. Water supply into the flume was 

regulated by operating a valve in the water supply 

pipeline.  A calibrated bend meter was used for 

measuring discharge passing through the flume.  Water 

surface level and bed level in flume were measured using 

a point gauge mounted on a trolley which could be 

moved over adjustable rails mounted on the two walls of 

the flume. The rails were kept parallel to the flume bed. 

A tailgate was provided at the downstream end of the 

flume, which was operated to adjust the depth of flow in 

the flume.  A transition of wooden block was fitted 

tightly at the entrance of the flume to ensure smooth flow 
without disturbing the sediment bed in the flume. A 

sediment trap was provided at the downstream end to 

collect sediment coming from the upstream bed. 

 Sediment was filled in the flume to a constant 

thickness of 25 cm in the rest section. At the entrance of 

the flume, graded layers of glass beads, followed by a 

transition block of wood, were placed to obtain a smooth 

flow without disturbing sediment bed in the flume. A 

sediment trap was provided at the outlet of the sand bed. 

As such, water flowing out of the flume was clear and 

virtually sediment free. 

 The piers group model was comprised on five 

galvanized iron smooth circular cylinders, one cylinder of 

4.15 cm at the center and two cylinders of 3.3 cm and 

2.15cm on either side of 4.15 cm cylinder. All the five 

cylinders were joined in a group  to give a form similar to 

lenticular pier. The aspect ratio (length/width) of this 

piers group was equal to 3.61. The size of the piers group 

was so selected that the blockage effect on scour depth  in 

the flume was insignificant. Experiments were conducted 

in uniform non-ripple forming sediment bed of median 

diameter d50 equal to 0.95 mm and standard deviation  (σg 

= 1.15) in steady state clear-water scour condition at flow 
intensity (U/Uc) of 0.95. The experiments were conducted 

in  three phases. In first phase, a series of experiments 

was  conducted with 4.15 cm diameter single isolated 

cylinder to form the basis for comparison with the piers 

group model  at 0ο angle of attack. In second phase, the 

experiments were conducted at piers group model 

without collar aligned at 0ο, 7.5οand 15ο to the flow. In 

third phase the experiments were conducted with same 

piers group model fixed with collar plate at bed level at 

the same angles of attack as in phase second. All the 

experiments were conducted under same hydraulic and 
sediment conditions.  

 Water was allowed to flow over the level sediment 

bed slowly and the flow was adjusted using the inlet 

valve and the tailgate to achieve steady and uniform flow 

condition. Before the start of each experiment, the pier 

was inserted in the test section vertically in desired 

positions. The area around the piers models was leveled. 



  

Fout! Objecten kunnen niet worden 

gemaakt door veldcodes te bewerken. 

The scour depths were measured with the help of point 

gauge at various time intervals. It was observed 

during the experimental runs that the water depth was 

maintained at a sensibly constant elevation. All the 

experiments were conducted under same hydraulic and 

sediment condition. The experiments were run for 
sufficient time.  

 The range of variables used in the present study is 

given in Table 1. 

TABLE: 1 

SEDIMENT AND HYDRAULIC DETAILS 

 

Pier 

type 

Size of  

pier 

(cm) 

Pier 

aspect 

ratio 

 

H 

(cm) 

U 

(m/s) 

D50 

(mm) 

Circular 

Piers 

Group 
model 

4.15 

 

- 

- 

 

3.61 

14 

 

14 

0.40 

 

0.40 

0.95 

 

0.95 

 

 Temporal measurements of scour depth at nose and 
other point at the pier mode were made during the 

experimental runs. After the completion of the 

experimental run, the flow was gradually stopped and the 

flume was drained off very carefully so that the scour 

hole and scour patterns developed by the flow around the 

pier were not disturbed. Thereafter, the scoured area was 

surveyed with a point gauge. The curves for temporal 

variation of scour depth and maximum scour depth versus 

angles of attack curves were plotted for the two phases of 

experiments. The mathematical models were also 

developed to predict the maximum scour depth. To 
overcome the difficulty of observing the development of 

the scour hole, strong light source was used which 

permitted the observation of the phenomenon as it 

progressed. 

Experiments were  performed in the following phases: 

Phase I: Isolated Pier: 

 A series of experiments was first performed on 4.15 

cm diameter single cylinder to form a basis against which 

the scour depth at piers group could be compared. 

Phase II: Piers group without collar: 

 Experiments were conducted using a piers group 
model, comprising on five galvanized iron smooth 

circular cylinders, one cylinder of 4.15 cm at the center 

and two cylinders of 3.3 cm and 2.15cm on either side of 

4.15 cm cylinder as shown in Fig. 1. In this phase, the 

experiments were performed on piers group aligned at 0ο, 

7.5οand 15ο to the flow without using collar plate. 

Phase III: Piers group with collar: 

In this phase, experiments were conducted by 

applying a collar plate around the piers group  as 

shown in Fig.1. 

 The collar was fixed at the sediment bed level. Before 
the start of each experimental run, the pier model was 

located centrally and vertically into the sediment bed in 

the flume. The pier model  was installed at a distance of  

3.5.metres from the inlet of the flume projecting well 

above the water surface. The area around the pier model 

was leveled. The water from the supply pipe line was 

allowed to flow over the leveled sediment  bed slowly 

with the help of the inlet valve in the supply line. As 

steady uniform flow conditions were established, the 

experimental run was  started 

 During the experimental runs ,the scour depth 
was measured at the nose of the pier and at other points 

around the model pier at regular time intervals of 

5,10,15,30,60,120,180,240, 300,360,420 and 480 minutes 

with  the point gauge. The mean approach flow depth was 

kept constant as 14 cm throughout the experiments. At 

the end of the experimental run, the water supply was 

gradually stopped and the water was drained off from the 

flume with extreme care  that there was no disturbance in 

the scour hole and the scour patterns around the pier. 

Detailed measurements of scoured area around the pier 

were then made in static condition. Finally, the 
photographs of the scoured area around the pier 

were taken 

Results and Discussion 

 The temporal development of scour depth around 

piers group with and without collar aligned at different 

angles of attack, are presented in figures 2 and 3 

respectively. It is evident from these figures that 

application of collar around piers group, not only causes 

reduction in the maximum scour depth but also the rate of 

scouring is also reduced considerably. Reduction in the 

rate of scouring reduces the risk of pier failure when the 

duration of flood is low.    

 The variation of scour depth around piers group with 

and without collar versus angles of attack has been 
plotted in figure 4 which shows that at piers group 

without having collar around it the scour depth remains  

Fig. 1 Piers group with and without collar 

Collar 
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Fig.2 Temporal variation of scour depth at piers group without collar. 
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Fig. 3  temporal variation of scour depth at piers group with collar 
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Fig. 4 Angle of attack versus maximum scour depth with and without collar   

at piers group 
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  Fig. 5 - Scour depth reduction using collar around piers group 
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almost constant up-to 7.5 degree angle of attack. From 

7.5 to 10 degrees of angles of attack, there is small 

increase in scour depth. Beyond 10-degree angle of 

attack, the scour depth increases rapidly. In figure 4 

similar trends can be seen in the variation of scour depth 

around piers group having collar around it. 

The efficiency of collar in reducing the depth of scour 

around pier group can be observed in figure 5. It is worth 

to mention that application of collar around piers group 

for angles of attack 0 to 7.5 degrees produces 100 percent 

reduction in scour depth. As shown in figure 5, the 

reduction in scour depth at 10 and 15 degrees angles of 

attack, is 94.59 percent and 79.54 percent respectively. 

 The use of piers group having no collar around it and 

aligned at 0 degree angle of attack with the flow yields 

about 35 percent reduction in scour depth as compared to 

the scour depth at single isolated 4.15 cm cylinder which 

has been used in formation of piers group. 

 Chabert and Engeldinger (1956) conducted 

experiments on piers group of three circular cylinders at 

different angles of attack. The piers group had a cylinder 

of 15 cm diameter   at the center and one cylinder of 7.5 

cm diameter on either sides of  the 15cm  cylinder placed 

at a  distance of 15cm  from the outer face of the 15 cm  

cylinder. The aspect ratio of this piers group was equal to 

4. The b/d50 was  equal to 50 where b=  diameter of  the 

cylinder at the center of the piers group.  

 The geometrical form of the piers group, b/d50 ratio 

and piers group aspect ratio used in present study  are 
almost  same as that of Chabert and Engeldinger. 

 The values of relative scour depth (i.e., scour depth 

at piers group/ scour depth at single isolated  central 

cylinder)  obtained  from  curve of Chabert and 

Engeldinger from present study, were compared for the 

case of zero degree  angle of attack. A good agreement 

has been observed. The present study can be very useful 

in economical design of bridge pier. 

 

Conclusions 

Following conclusions are drawn from present study 

Piers group without having  collar around it gives about 
35 percent reduction in scour depth as compared to the 

scour depth around a single isolated maximum size 

cylinder  used in forming the piers group. Application of 

collar around the piers group produces 100 percent 

reduction in scour depth at angles of attack up-to 7.5 

degrees, 94.79 percent reduction at 10 degree angle of 

attack and 79.54 percent reduction at 15 degree angle of 

attack as compared to scour depth at corresponding 

angles of attack without collar around it. The reduction in 

scour depth using piers group in present study is in good 

agreement with the piers group used by Laursen and 
Toch at zero degree and 15 degree angles of attack The 

present study can be very useful in economical design of 

bridge piers.  
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