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Abstract   In the present work, the efficiency of single and double collar in reducing scour rate and 
depth around cylindrical bridge piers was studied experimentally. In order to reduce the strength of 
wake vortices, different numbers of bars were also installed at the downstream face of the pier in 
combination with a single collar. The best result was achieved for double collar when the collars were 
installed at the streambed level and one pier diameter below bed level. With this arrangement the 
lower collar was not undermined after 80 hours of experiment, showing about 56 % reduction in 
scouring compared with an unprotected pier. It was also shown that by using collars, the rate of 
scouring decreased considerably. Though installation of bars did not significantly reduce the 
maximum depth of scour, it postponed the beginning of scouring at the upstream face of the pier. 
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اي به  در اين تحقيق اثر تک طوق و دو طوق در کاهش عمق آب شستگي اطراف پايه هاي استوانهچكيده       

هاي برخاستگي در  منظور کاهش قدرت گرداب همچنين به. صورت آزمايشگاهي مورد بررسي قرار گرفته است
ها  نتايج آزمايش. گرفت ده قرارهاي نازک در پشت پايه تعبيه شده و همراه با طوق مورد استفا پشت پايه ميله

نشان داد که در بهترين حالت که دو طوق در اطراف پايه قرار داشت و طوق اول در سطح بستر و طوق دوم به 
بر اساس نتيجه .  درصد کاهش يافت۵۶شستگي به اندازه  اندازه قطر پايه زير آن نصب شده بود، عمق آب

همچنين توسعه . شروع آزمايش طوق زيرين از بستر جدا نشد ساعت از ۸۰بدست آمده در اين تست پس از 
هاي  ها با ميله نتايج آزمايش. شود شستگي مي ها نشان داد که وجود طوق باعث کاهش نرخ آب زماني آزمايش

شستگي در زير طوق و جلوي پايه به تأخير  ها شروع آب نازک در پشت پايه حاکي از آن بود که با استفاده از آن
 .شستگي موضعي نداشت ها تأثيري در کاهش عمق آب  گرچه استفاده از اين المان.افتاد مي

 
 

1. INTRODUCTION 
 
There are many bridges over waterways in the 
world. At many of these bridges, erosion of river 
bed is developed around the pier foundations. As a 
result, a high percentage of bridge failures in 
recent years have been attributed to scouring [1]. 
Pier scour is the erosion of the streambed in the 
vicinity of pier foundations due to complex vortex 
system. Mechanism of scouring has been extensively 
studied in the past [2-5]. Briefly, approach velocity 
stagnates at the upstream face of the pier, which 
this cause formation of a down flow parallel to the 
pier face (Figure 1). When down flow impinges the 
streambed, it digs a hole in front of the pier and 
rolls up and by interaction with the approach flow 

forms a complex vortex system [6]. This vortex 
extends downstream and passes the sides of the 
pier. Owing to its similarity to a horseshoe this 
vortex is called horseshoe vortex. The horseshoe 
vortex deepens the scour hole in front of the pier 
until the shear stress on the bed material becomes 
less than their critical shear stress. The accelerating 
flow at two sides of the pier creates two slots in the 
streambed, which facilitate the transport of 
removed sediment from the scour hole at the 
upstream perimeter of the pier [6]. 
     At the sides of the pier, flow separation occurs, 
resulting in wake vortices whose whirlpool action 
sucks up sediment from the bed. These vortices are 
unstable and shed alternatively. These vortices 
form their own scour hole downstream of the pier. 
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     To protect piers against local scour, researchers 
have suggested different methods in the past years. 
There are basically two methods to control 
scouring around bridge piers: 1-armoring the 
streambed around the piers to withstand shear 
stresses during high flow events such as: using 
riprap [7-9], grout-filled bags, gabions [1], etc. 2-
altering the flow alignment to break up vortices 
and reduce velocities in the vicinity of the piers, 
such techniques include the use of sacrificial piles 
placed upstream of the piers [10], collars 
constructed around the pier [11-16], Iowa vanes 
[17], slot [13,14], etc. 
     Following reports on good performance of 
collars in reducing scouring, efficiency of double 
collars and combination of collar and bars installed 
on cylindrical piers are studied experimentally in 
the present work. 
 
 
 
2. APPLICATION OF COLLARS AND BARS 

 
The effect of collar in reducing scour depth was 
previously studied on cylindrical piers [11-16]. 
The results of these studies are summarized in 
Figure 2. In this figure, Yo is water depth, Yd is 
height of collar above bed, W and D are effective 
width of the collar and the pier width respectively, 
Ys is depth of scour hole and Yso is depth of scour 
without collar. This figure shows that by increasing 
the width of the collar and lowering its elevation, 
the depth of the scour hole is reduced. 
     In addition to studies shown in Figure 2, Chiew 
[13] tested a collar with an effective width of three 

times the pier diameter installed at 0.2D above the 
bed together with a slot 0.25D wide with a length 
of 2D near the bed and reported zero scour depth at 
the pier. Kumar, et al [14] concluded that with a 
collar at the bed when W is 4 times pier diameter, 
there will be no scour in front or at the sides of the 
pier, but a deep scour hole is formed at the pier's 
rear. It was also shown that the existence of a 
collar reduces the rate of scouring considerably 
[18]. Richardson, et al [19] used roughness elements 
with different sizes and spacing as a hydrodynamic 
countermeasure for local pier scour. Placement 
of roughness elements on the perimeter of piers 
increased the resistance to the down flow and 
consequently reduced depth of scour hole upstream 
of the pier up to 30 percent. 
     Experiments show that a collar installed at the 
streambed level protects the riverbed from the 
down flow and the accelerating flow at two sides 
of the pier. A collar installed on the pier divides 
the flow into two regions above and below the 
collar. For the region above the collar, it acts as an 
obstacle against the down flow and the down flow 
loses its strength on impingement at the collar. For 
the region below the collar, which is the results of 
approach flow penetrating below the collar, the 
strength of down flow and therefore the horseshoe 
vortex is reduced. When two collars are installed, 
the lower one also acts as an obstacle for the 
weaker down flow, which is formed below the 
upper one, could further reduce its strength, and 
protects the streambed. 
     Therefore when a collar is installed on a pier at 
the beginning of the experiment no scour hole is 
observed at the pier perimeter. However, a scour 
hole is formed downstream of the pier [14]. Wake 
vortices are obviously responsible for formation of 
this scour hole. The scour hole downstream of the 
pier is then extended gradually towards upstream 
and undermines the collar. If the scour hole 
reaches upstream of the pier, flow would penetrate 
below the collar. Penetration of flow below the 
collar causes the formation of the down flow and 
acceleration of scouring under the action of 
horseshoe vortex [15]. A second collar in a lower 
elevation could therefore prevent further 
development of scouring below the first collar. It 
may also be postulated that if by any means the 
strength of wake vortices is reduced, this may lead 
to reduction of scouring around the pier. 

 
 
Figure 1. Vortex system around a cylindrical bridge pier. 
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     In this study, a single collar at the streambed 
level and double collars attached to the pier at 
different elevations were tested on a cylindrical 
pier. Bars were also attached downstream of the 
pier without any collar and also in combination 
with a single collar. In the latter arrangement, the 
collar was employed to reduce the strength of 
down flow and horseshoe vortex and bars for 
impeding the wake vortices. 
 
 
 

3. EXPERIMENTAL PROCEDURE 
 
Experiments were carried out in a 10m long and 
0.74 m wide horizontal flume. Collars with an 
effective width ‘W’ equal to three times the pier 
diameter ‘D’ were installed at the streambed level 
(Figure 3). Size and elevation of collars were 
selected based on the previous experience. 
Although wider collars are more effective, 
construction of collars wider than 3 times the pier 
diameter is considered impracticable. Moreover, 
the efficiency of a collar increases at lower 
elevations [11]. However, lowering a collar below 
the streambed level causes a deeper scour hole 
downstream of the pier and wider scour hole 
around the pier [15]. 

     Bars in different numbers were installed at 
different angles at the downstream face of the pier. 
Bars were installed in such a way that they do not 
extend further from the projected area of the pier 
looking from upstream (Figure 4). This 
arrangement was used to prevent additional drag 
on the pier and the possibility of flowing debris 
being trapped by the bars when flow approach to 
the pier at zero angle of attack. Bars were installed 
in two symmetrical rows at 2 different angles of 
30˚, 45˚ corresponding to the flow direction. 
Though bars with 90˚ angle with the flow direction 
are exposed to direct impact of the flow, a further 
test was carried out with 90˚ angle in order to 
compare its results with other angles. Length of the 
bars was 2.5 cm for 45˚ and 90˚ and 3.5cm for 30o 
arrangements. Rows consisted of 3, 5 or 9 bars in 
different experiments (Figure 4). 
     A triangular weir and a manometer were used to 
measure the flow discharge. A point gauge was 
used to measure flow and scour depth in the flume. 
The pier used in this study was a 0.04 m diameter 
Perspex pipe and collars were made from 2 mm 
thick Perspex sheets. The flume had a working 
section in the form of a recess below its bed which 
was filled with sediment and was located 6 m 
downstream from the flume entrance. Median size 
of the sediment was 0.95 mm, with geometric 
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Figure 2. Scour reduction efficiency of collar on circular piers [13]. 
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standard deviation of sediment grading, less than 
1.2. All tests were conducted at about threshold of 
sediment motion where maximum depth of scour 
hole is expected [20]. However according to 
Raudkivi, et al [21] a second peak may also exist at 
higher flow velocities. Moreover Chiew [13] 
explains that when general sediment transport 
occurs, trough of migrating bed forms may expose 
the pier beneath the collar and lowers its 
effectiveness. Studying the behavior of collars in 
live bed condition needs further research. 
     The threshold of sediment motion was found by 
experiment. Threshold of sediment motion was 
defined as flow condition at which the bed 
elevation, while the pier was not installed, does not 
change more than 2-3 mm after a long period of 
experiment (for example 5-10 hours). Tests 
showed that with 0.12 m flow depth and 0.028 
m3/s discharge bed materials would be at initiation 
of motion. Therefore, this condition was selected 

for all experiments. In these experiments, the ratio of 
shear velocity “ *u ” to the critical shear velocity c*u , 
calculated from the shields’ diagram was about 0.92. 
Shear stress at the working section was determined 
by calculating the water surface profile and slope of 
the energy line when pier was not installed. It should 

be noticed that by increasing 
c*

*

u
u , the rate of 

scouring around the pier increases [22]. 
     Two series of tests were performed. At first, the 
effectiveness of one collar and double collar at 
different elevations was studied. In the next step, 
combination of one collar at streambed level with 
bars attached to the pier was investigated. In 
addition, one test was carried out with bars only in 
order to check their efficiency on scour protection. 
All tests conducted in this study are summarized in 
Tables 1 and 2. 
     To find the maximum depth of scouring, 
experiments were continued until the scour depth 
did not change by more than 5 % of the pier 
diameter over a period of 24 hours [23]. This time 
was different from experiment to experiment and is 
mentioned in description of each experiment. 
Development of the scour hole was monitored at 
the upstream face of the pier where the maximum 
depth of the scour hole was expected. Depth of the 
scour hole at sides and rear of the pier was also 
measured. 
 
 
 

4. EXPERIMENTAL RESULTS AND 
DISCUSSION 

 
4.1. Test No. 1-Pier without Collar (Table 1)   
Scouring around an unprotected circular pier 
started simultaneously at the upstream face of the 
pier due to the down flow and at the downstream 
of the pier under the action of wake vortices. The 
scour hole upstream of the pier was then developed 
under the action of horseshoe vortex. After 44 
hours, maximum depth of scour was measured 92 
mm at the upstream of the pier. The maximum 
depth of scour hole measured in these experiments 
was in good agreement with empirical equations 
(for example Melville, et al [24]). In this test 70 % 
and 90 % of the maximum scour depth occurred at 
4 and 14 hours respectively. Time development of 
scouring in this test is shown in Figure 5. 

FLOW 
D W 

D 
W

FLOW 

COLLAR 
FLOW 

D W 

FLOW 

COLLAR 

Side View

Plan View 

Bed 

 
Figure 3. Position of collar around a cylindrical pier. 
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Figure 4. Position of bars at the downstream face of the pier. 
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TABLE 1. Summary of Experiments with Single and Double Collar. 
 

Test No. Description 

1 Pier without collar. 

2 Pier with one collar installed at the streambed level. 

3 Pier with a collar installed at the streambed level and another collar at 0.5 D below the bed level. 

4 Pier with a collar installed at the streambed level and another collar at 1.0 D below the bed level. 

 
 
 

TABLE 2. Summary of Experiments with Collar and Bars. 
 

Test No. Description 

5 3 bars in each row installed at 45˚ with the flow direction. 

6 5 bars in each row installed at 45˚ with the flow direction. 

7 7 bars in each row installed at 45˚ with the flow direction. 

8 5 bars in each row installed at 30˚ with the flow direction. 

9 5 bars in each row installed at 90˚ with the flow direction. 

10 7 bars in each row installed at 45˚ with the flow direction without collar. 
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4.2. Test No. 2-Pier with a Collar at the 
Streambed Level (Table 1)   With a single 
collar at the streambed level, at the beginning of 
the experiment, scouring started downstream of the 
pier due to the action of wake vortices. These 
vortices were so strong that at the first 30 minutes, 
a 20 mm deep scour hole was formed downstream 
of the collar. At this time, no sign of scouring was 
observed due to the down flow and horseshoe 
vortex at the upstream face of the pier. Later in the 
experiment, two grooves were formed at two sides 
of the collar which later moved towards upstream 
along the rim of the collar. These grooves joined 
each other at the front edge of the collar after 1 
hour of experiment. After 2 hours, beginning of 

scouring was observed at the upstream face of the 
pier and after 8 hours the collar was completely 
undermined. By penetration of flow beneath the 
collar at its upstream edge, the rate of scouring 
increased. Maximum scour depth was measured 71 
mm at the upstream face of the pier after 90 hours. 
At this time depth of the scour hole downstream of 
the pier was 55 mm. 
     Reduction of the maximum scour depth in this 
test defined as sosso Y/)YY( − , was therefore 23 % 
in comparison with the unprotected pier (Table 3). 
This agrees with 25 % maximum reduction reported 
by Tanaka, et al [11]. Time development of scouring 
in this test at the upstream face of the pier is 
showed in Figure 5. In this test 70 % and 90 % of 
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Figure 5. Time development of scouring at the front face of the pier (Single and double collar). 
 
 
 

TABLE 3. Results of Experiments with Single and Double Collar. 
 

Test No. Time of Experiment (hr) Maximum Depth of Scour (mm) Reduction of Scour Depth (%)

1 44 92 - 

2 90 71 23 

3 100 60 35 

4 80 40 56 
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the maximum measured scour depth occurred at 
8.7 and 17 hours respectively. As can be seen from 
Figure 5, collar has considerably reduced the rate 
of scouring. Temporal variation of scouring is due 
to extension of scouring below the collar as is 
explained in Section 2. Before the upper collar is 
exposed scouring extends around the collar edge 
from downstream towards upstream very gradually. 
This scour hole originally is formed due to action 
of the wake vortices at the downstream of the pier. 
However after the collar was undermined the 
approach flow penetrates below the collar and 
down flow and horseshoe vortex again forms 
upstream of the pier (below the collar). Formation 
of the down flow cause a noticeable increase in 
scour rate as can be seen in Figure 5. Increase in 
scour depth continues till horseshoe vortex is 
weakened in the deeper scour hole and scouring 
approaches equilibrium condition. 
 
4.3. Test No. 3-Pier with one Collar Installed 
at the Streambed Level and Another Collar 
at 0.5 D Below the Bed Level   In this test the 
scouring process was similar to the pier with a 
single collar until the front surface of the lower 
collar was exposed after about 4 hours. After this 
time, the rate of scouring reduced considerably due 
to lower collar protection against the down flow 
(Figure 5). Though scouring was developing 
gradually below the downstream edge of the lower 
collar, its upstream edge was not undermined until 
35 hours from the beginning of the experiment. At 
this time, the deepest scour hole was about 20 mm 
below the lower collar at its downstream edge. 
     When the lower collar was undermined at its 
upstream edge, the rate of scouring increased 
again. After 100 hours the rate of scouring was 
negligible based on the definition by Melville, et al 
[23]. Maximum depth of scour in this test at the 
upstream face of the pier was 45mm. At this time 
scour depth at the sides and rear of the pier were 
60 mm and 40 mm respectively. Therefore, the 
maximum scour depth in this experiment was at 
sides of the pier. Occurrence of maximum scour 
depth at sides of the lower collar shows that the 
lower collar could better reduce the action of 
horseshoe vortex at the upstream head of the pier 
than the high stress zone at sides of the pier. High 
shear stresses at sides of the collar extend beyond 
the collar width and scouring at sides is more than 

upstream face of the pier. Scour reduction in this 
test was as much as 51 % and 35 % for front and 
sides of the pier respectively in comparison with 
the maximum depth of scour in an unprotected pier 
(Table 3). This test showed that installation of the 
second collar at 0.5 D below the bed level would 
further reduce the scouring rate and depth. Time 
development of scouring at the upstream face of 
the pier is shown in Figure 5 and temporal 
variation of scouring below the collar as is 
explained in Section 4.2. When scouring is 
deepened and the second collar is expose the same 
scenario repeats and scouring rate is reduced and a 
scour hole forms downstream of the lower collar 
under the action of the wake vortices, extends 
upstream at the edge of the collar very gradually 
and scour rate is very low till the lower collar is 
also undermined and another down flow is formed 
below it. This down flow though is very weak but 
it again increases the rate of scouring. 
 
4.4. Test No. 4-Pier with a Collar Installed 
at the Streambed Level and another Collar 
at 1.0 D Below the Bed Level   Since scouring 
developed below the lower collar as is explained in 
Test No. 3, the second collar was further lowered 
to 1.0 D below the streambed level. Scouring 
continued with the same rate similar to Test No. 2, 
until the front surface of the lower collar was 
exposed after about 6 hours. After this time, no 
sign of scouring was observed below the lower 
collar. Test was continued for 70 more hours (i.e. 
about 80 hours from the beginning of the 
experiment) but scouring did not develop below 
the lower collar (Figure 6). This test showed that at 
the lower collar elevation, shear stresses on bed 
material around the lower collar were too weak to 
cause any further scouring. Maximum scour depth 
in this test was 40mm around upstream face of the 
pier. At this time, downstream face of the lower 
collar was not yet exposed (Figure 6) and 
maximum depth of scour hole was 35mm. 
Therefore, maximum reduction of scouring was 
about 56 % at the upstream face of the pier 
compared to an unprotected pier (Table 3). It 
should be noticed that with reduction of the 
maximum scour depth, the extent of the scour hole 
was also reduced since the upstream and side 
slopes of the scour hole are found to be constant 
and equal to the bed material angle of repose [6]. 
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Measurements showed that extension of the scour 
hole in this test towards upstream and at pier sides 
was 2 D and 2.5 D respectively compared to Test 1 
where they were 2.6 D and 3.25 D respectively. 
Figure 5 Shows time development of scouring at 
the upstream face of the pier in this test. 
 
4.5. Experiments with a Single Collar and 
Bars (Table 2)   Experiment with a single collar 
at streambed level showed that though collar 
protects the streambed from the down flow, a scour 
hole is formed downstream of the pier under the 
action of wake vortices. This scour hole then 
developed upstream and undermined the collar. 
After this stage, flow penetrated below the collar 
and scouring was intensified. It was therefore 
decided to install bars on the pier to reduce the 
strength of the wake vortices by disturbing the 
flow at the separation zone (Figure 4). 
     In the first series of tests, experiments were 
conducted with two symmetric rows of bars 
installed at 45˚ angle with the flow direction. In 
each row 3, 5 and 7 bars were used in different 
tests, each bar 2.5 cm long. In each row one bar 
was located at the bed level and one at water 
surface. Other bars were installed with equal 
distance between these two (Figure 4). 
     Test with bars and collar continued for 90 hours 
when variation of scour depth was negligible. At 
this time maximum depth of scouring was measured 
67 mm. Based on experimental results application 

of bars with different arrangements together with a 
single collar reduced scouring by about 27 % in 
comparison with an unprotected pier. Therefore the 
effect of bars on reducing depth of the scour hole 
compared with a single collar was insignificant. 
Time development of scouring for 7 bars with a 
collar (Test No. 7, Table 2) is compared with a 
single collar without bars in Figure 7. As can be 
seen from this figure, with bars installed on the pier, 
the beginning of scouring at the upstream face of the 
pier is postponed. However, when collar is 
undermined scouring is developed with similar rates 
compared to Test No. 2, i.e. single collar without 
bars (Figure 7). Other tests with different bars 
arrangement had a similar result. 
     In the next test, 7 bars were installed at two 
rows each 45˚ similar to Test 7 but without a collar 
(Test No. 10, Table 2) to check the efficiency of 
bars when used alone. This test continued up to 70 
hours. Results of this experiment also showed that 
effect of bars in reducing the scour whole depth is 
insignificant. 
 
 
 

5. SUMMARY AND CONCLUSIONS 
 
Efficiency of collars in reducing local scour around 
bridge piers with circular and rectangular cross-
sections was shown in previous studies. In the 
present work efficiency of single as well as double 
collar was studied experimentally on cylindrical 
piers. All collars used in these studies were 3 times 
wider than the pier diameter. Tests were carried 
out at the threshold of sediment motion where 
maximum scouring is expected. By measuring the 
time development of scouring it was shown that 
collar reduced the rate of scouring to a great extent. 
As the collar was undermined, the rate of scouring 
increased. Therefore, to reduce both the rate and 
maximum depth of scouring a second collar was 
installed at a lower elevation. The most efficient 
arrangement was when one collar was placed at the 
streambed level and another was installed one pier 
diameter below the bed level. In this arrangement 
the lower collar was not undermined after 80 hours 
of experiment and therefore, reduction of scouring 
was about 56 % compared to an unprotected pier. 
On the other hand, efficiency of a single collar and 
double collar with one collar at bed level and the 
second one half pier diameter below the bed level 

 
Figure 6. Scour hole around pier protected by two collar (Test
No. 4)-looking downstream. 
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was 23 % and 35 % respectively. It should be 
noticed that with reduction of the maximum scour 
depth, the extent of the scour hole is also reduced. 
     Bars were installed at the downstream face of the 
pier in combination with a single collar and without 
a collar to reduce the strength of wake vortices. Bars 
were used in different numbers and at different 
angles with the flow. Though installation of bars did 
not significantly reduce the maximum depth of 
scour, it postponed the beginning of scouring at the 
upstream face of the pier. 
 
 
 

6. NOTATION 
 
Yo = Water Depth 
Yd = Height of Collar 
W = Effective Width of the Collar 
D = Pier Width 
Ys = Depth of Scour Hole 
Yso = Depth of Scour Without Collar 
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Figure 7. Time development of scouring at the front face of the pier with single collar and bars. 
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