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Abstract An experimental approach was carried out to study the time development and extension of
scouring around a circular pier protected by collars. The experiments included the study of scouring
around an unprotected pier as well as the pier protected with collars located at different levels. Width of
collars was 3 times the pier diameter. It was found that with collars, though the scour depth and the rate
of scouring decrease, extent of the scour hole increases. Number of collars and their levels are effective
factors on the equilibrium depth and extension of scouring. Different collar arrangements were tested for
an optimum result. Best results were found with one collar at the bed level and another one at one pier
diameter below the bed level. In this arrangement, scouring did not penetrate below the lower collar
even after 200 hours. Therefore, with the lower collar at 1D below the bed level scour depth reduced by
more than 50% whereas, the area of scouring increased by 30% compared with an unprotected pier.

Keywords Local scour; Application of collars; Time development of scour depth; Extent of scour
hole.

J;:.»«:&_)i i SoplS 5 b s alas (gl 5 Jmlf.i.ibﬂ oo O Gees ol e e.\&
s oekdd bbb b g5, pla lesl Sshte b a ol sl eslanad | IS sl al 4y Sl b
Sl CL..: o il el s Y eslatal sy Gsb b e 03 S el Gsb Lol ol
dS;jw.S ol 58 Jl;—u,..ojsjd_i.,wu\ TS 3 G B s Sk o;La...N\c\SJ..Mda LS
sul.@_;\ s Sl )owwéud}a slaas aS sls Juuwu)\ (Opmed 39l oo J(..‘.Mul o i
LT bl nl Bl e e (Saad ol i g (S35 5 Gas 65 2 e Sl SB Ol
L ol el pd gl am o g i S )3 UMLU\ Sys0 dag 4zl 4 Odewy Sl G b Caliss
ol s Juj.wgsnMW&')))MLJMQ\IJ446)\)4)36;43)).”.:)‘);)3‘_5&:djb)bﬁ
Lrjsd)bwbm): wbo\)rjsdjbf)md_iwwu\‘wb\"' CiS e o Sl
ngrﬂmd;k@;‘;iwwu\w‘awvbbumbLMLLA);):M&\;):@LJE&Q\IJ@W
L e SRR Ol SBT3 0 i (S5 28 5 b Sl s 4l ialS 0 )

1. INTRODUCTION

Scouring is one of the most important causes of
bridge failure and the major factor that contributes
to the total construction and maintenance costs of
bridges in the world [1]. This phenomenon results
from a complex vortex system which forms around
the bridge piers. There are two types of vortices
around a pier. Horse shoe vortex at the front side
of the pier, and wake vortices due to separation
area at sides and downstream of the pier [2].
Numerous methods have been studied to control

IJE Transactions C: Aspects

local scouring around bridge piers. Collars as an
effective scour countermeasure are plates which
are attached to a pier and act as a barrier to the
down flow, thereby prevent its direct impingement
into the streambed [3- 6]. In addition to reducing
the scour depth, collars increase considerably the
time development of scouring. Collars may
therefore be very effective in reducing the risk of
bridge failure when duration of the flood flow is
not long.

A Collar attached to the pier at the bed level
prevents scouring around the pier in the beginning
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of the experiment. However, a scour hole is then
formed downstream of the collar which slowly
develops towards upstream. This scour hole
extends along the rim of the collar until it reaches
the front edge of the collar. The scour hole then
penetrates below the collar and undermines it.
When the collar is undermined, flow penetrates
below the collar and scouring rate increases again.
Depth of the scour hole increases till equilibrium
condition is achieved [7, 8].

Investigations by Zarrati et al. [9] with
rectangular pier showed that lowering the collar
below the streambed level did not increase the
efficiency of collar considerably. This is since the
distance above the collar will itself become a part
of the scour hole and is washed away very fast. On
the other hand, lowering the collar from the
streambed increases the extension of the scour hole
around the pier, and the depth of the scour hole
downstream of the collar. Therefore, they
suggested that the best efficiency for a collar is
when it is at the streambed level.

Application of double collars to increase their
performance was investigated by Zarrati et al. [9].
They preformed an experiment on a rectangular
pier with double collar installing at different levels
above the bed and found that the efficiency of
collars improved in comparison with a single
collar.

Mashahir et al. [10] studied experimentally the
efficiency of single as well as double collar on
cylindrical piers. With about 80 hours duration of
experiments, they reported that the most efficient
arrangement for reducing scour depth was when a
collar was at the streambed level, and another one
installed one pier diameter below the bed level.

Despite previous research works, there is not
still enough information in literature about the
dimensions of the scour hole around a pier when
collar is located at different elevations. The
extension of the scour hole as well as its depth is
important for studying the stability of the piers at
the bridge location. Studying the extent of the
scour hole around the pier is also important to
determine the extension around a pier which may
need further protection for example by riprap. In
the present work, an experimental investigation is
conducted on effect of single and double collars
attached to circular pier at different elevations on
extent and depth of the scour hole.
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2. EXPERIMENTAL SETUP

Experiments were conducted in a straight masonry
rectangular flume 10m long, 0.73m wide and 0.5m
deep. The test section was in the form of a recess
below the flume bed located at the 5m downstream
of flume entrance, and was filled by uniform sand.
Median size of sand was ds=0.85 mm, with
geometric standard deviation of sediment grading

o, =/dg/d;; =1.3, where d, is the size of

sediment for which a percent of material by weight
are finer, and density of 2650 (Kg/m®). A circular
Perspex pipe was used in this study as the pier
model with 0.04m diameter. Collars were made
from 2mm thick Perspex sheets with an effective
width ‘W’ equal to three times the pier diameter
‘D’ were installed around the pier (Figure 1) at
various levels from the stream bed. Although
wider collars are more effective, construction of
collars wider than 3 times the pier diameter was
considered impracticable.

D Flow
- |
W
parares RRX
/ Collar
W D<l> Flow

Figurel. Pier with a collar at stream bed

Five different tests were carried out with or
without collar at the same flow conditions. These
experiments included scouring around an
unprotected circular pier as well as the pier
protected with single and double collars at
different elevations. Experiments were conducted
with one collar at or half of the pier diameter
below the bed level, and combination of two
collars at different levels. All tests conducted in the
present study are summarized in Table (1).

Time of experiments was set based on Melville
and Chiew [11] definition. According to this
definition when depth of the scour hole did not
change by more than 5% of the pier diameter over
a period of 24 hours, equilibrium condition was
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achieved. It should be mentioned that since with
collar, the scour rate is very low at the beginning
of tests, this criterion was considered only after the
collar was undermined. Using this criterion, some
tests were run for more than 200 hours.

TABLE 1. Summery of experiments

Test  Elevation of Elevation of Time of
No. Collar #1 Collar #2 Experiment (h)
1) - - 60
@) At the bed i 100
level
At0.5D"
3) below the - 250
bed
At the bed At 0.5D below
*) level the bed 170
At the bed At D below the
) level bed 200

"D is the pier diameter

Shear stress at the working section u, was
determined by calculating the water surface profile
and slope of the energy line along the flume when
the pier was not installed. To calculate water
surface profile bed roughness was determined
based on absolute bed material roughness dg. The
calculated water elevation upstream of the flume
was then compared with the measurement result,
and if they were different, the bed roughness was
slightly modified. Knowing the bed shear stress,
critical bed shear stress u,. was found from the
Shields’ diagram. Experiments were conducted at
clear water condition with an average relative
shear stress u-/u«=0.8. A rectangular sharp crested
weir and a manometer were used to measure the
flow discharge. Bed profiles were recorded using a
laser bed profiler with accuracy of 1 millimeter.

3. EXPERIMENTAL RESULT

Figure (2) shows the formation of local scour
around a pier protected with a collar. The results of
all experiments are presented in Table (2). In this
table, scour depth as well as its extension at the
end of each experiment are given relative to
similar values in the unprotected pier. The scour
extension in this table includes scour hole area all
around the pier “As.” at the stream bed level, scour
hole length “L” at upstream face of the pier
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(distance from the pier upstream surface to
upstream edge of the scour hole) and scour hole
width “S” (the distance from the pier side surface
to side edge of the scour hole). Furthermore, scour
extension as well as scour depth around the pier in
all experiment are illustrated in Figure (3).

Figure (4) shows the development of scour depth
at the upstream face of the pier in all experiment.
Horizontal lines in the graphs show constant scour
depth at the upstream face of the pier in each
experiment before the collar was completely
undermined and rate of scouring increases again.
However, by increasing the scour depth, the rate of
scouring decreases again and tends to zero in
equilibrium condition.

Experimental results in each test are summarized
in the following sections:

Figure 2. Formation of local scour around a pier
protected with a collar

3.1. Unprotected Pier (Test No. 1) This is a
reference test to check the effect of collar on scour
depth and extension around the pier. For this test,
equilibrium scour depth “ds.” was observed at the
upstream nose of the pier after 60 hours (Table 1),
but more than 90% of ds. occurred after 20 hours
from the beginning of the experiment (Figure 3).
The relative maximum scour depth “ds/D” was
measured 2.18, which was in good agreement with
empirical equations and previous investigations
such as Melville and Sutherland, [12] and
Mashahir et al. [10]. Measurements at the end of
experiment showed that the relative scour length
“L/D” and width “S/D” were about 2.4 and 3.75,
respectively. Furthermore, the relative scouring
area “As/(LxS)” was measured about 11.52.
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TABLE 2. Results of experiments
Time at which scouring penetrated . . . . .
Relative scour extension relative maximum equilibrium
Test No. below the collar (h) scour depth
upper collar lower collar Width Length Area
@ - - 1 1 1 1
) 15 - 1.07 1.20 1.15 0.79
3) 105 - 1.47 1.56 1.48 0.92
4 5 50 1.67 1.63 1.72 0.92
(5) 15 not undermined 14 1.35 1.31 0.46
Test L S h3 h4
No. 1 2.40D 3.75D 4.60D 11.5D - 2.18D 1.90D -
No. 2 2.90D 4.00D 5.13D 12.0D 1.4D 1.73D 1.40D 1.13D
No. 3 3.75D 5.50D 6.00D 12.5D 1.5D 2.00D 1.38D 0.88D
No. 4 3.90D 6.25D 6.50D 13.5D 2.0D 2.00D 1.38D 1.20D
No. 5 3.25D 5.25D 5.5D 11.5D 1.5D D 0.8D 0.8D

Figure 3. Extension and equilibrium scour depth around the pier in each experiment

3.2. Pier with a Collar at the Stream Bed Level
(Test No. 2) In this experiment, at the beginning
of the experiment, scouring started downstream of
the pier at the vicinity of the collar due to wake
vortices similar to reports by [8, 10, 13]. As shown
in Table (2), after 15 hours scour hole penetrated
below the collar and reached the front nose of the
pier. After this stage, the rate of scouring at
upstream face of the pier increased considerably
due to action of the horse shoe vortex so that in 10
hours at least 70% of final scour depth occurred
(Figure 4). This test continued for 100 hours and
the maximum scour depth in this test was reduced
by about 20%.

Meanwhile, measurements showed that the
scouring area around the pier increased by about
15% (Table 2). Therefore, the scour hole through

14 - Vol. 25, No. 1, March 2012

shallower was more extended around the pier.

Figure (3) shows, the scour hole was wider
and longer in the presence of the collar in
comparison with unprotected pier. The effect of
collar on scouring region is more noticeable for its
length at the pier nose rather than its width. The
length of the scour hole increased by 20%
compared with 7% of its width.

3.3. Pier with one Collar 0.5D below the Bed
(Test No. 3) At the beginning of this experiment,
the scouring rate was very high so that in less than
a minute all materials above the collar were
washed away and the upper side of the collar was
exposed. However, after that, the collar prevented
further scouring and the scour hole was extended
gradually in horizontal direction around the collar.
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In contrast to the previous experiment (collar at the
streambed), in this test the grooves were first
formed beneath the collar at the front of it and
penetrated beneath the collar till it was completely
undermined. As shown in Table (2), it took more
than 100 hours for scouring to penetrate beneath
the collar and after 155 hours the collar was
completely undermined. The equilibrium scour
depth was reached after 250 hours. The rate of
scouring in this test, after the collar was
undermined was significantly less than in Test No.
2 (Figure 4).

The equilibrium scour depth in this test was only
about 8% less than unprotected pier. On the other
hand, due to the effect of vortices around the pier,
the scouring area increased by about 48% with the
length and width of the scour hole increased about
56 and 47%, respectively.

3.4. Pier with Double Collars, one at the Bed and
one 0.5D below the Bed Level (Test No.4) In this
experiment, at first, similar to Test No. 2, scouring
started at downstream of the upper collar. Then,
two grooves were formed and developed, and after
3 hours they reached the rim of the upper collar.
After this stage, by less than an hour, the rim of
lower collar was exposed at the downstream side
of the pier, and the materials between two collars
were washed away quickly. Comparing with Test
No. 2, it can be concluded that the lower collar
accelerated the material removal at the region
between the two collars. It took almost 5 hours for
scouring to begin at the pier nose beneath the
upper collar (14 hours for Test No. 2) and 20 hours
that the upper collar was completely undermined.

The material beneath the lower collar was removed
from upstream side of it, similar to Test No. 3.
This action proceeded until after about 50 hours
from the beginning of the experiment the scour
hole reached beneath the lower collar (Table (2)
and Figure (4)). The experiment reached the
equilibrium condition after about 170 hours. Figure
(4) shows two horizontal lines for time
development curve in the present experiment due
to effect of the two collars. Although, the
equilibrium scour depth in this experiment was
similar to Test No. 3, the scour hole reached
beneath the lower collar faster (Figure (4)). Since the
upper collar caused the scour hole to be wider in a
shorter time and also the elevation of lower collar
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was not deep enough, the scour hole undermined it
faster compared with Test 3. Hence, compared
with Test 3, it can be concluded that the upper
collar was not much useful to postpone the
scouring process.

0.1
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=
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0.01 / 1
—H8— without collar
' —=— A collar at the bed
0.001 | |
0.00001 0.0001 0.001 0.01 0.1 1
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Figure 4. Time development of scouring at the

upstream face of the circular pier (ds is scour depth at
time t and dg is equilibrium scour depth)

As shown in Table (2) and Figure (3), effect of the
second collar on the extent of scour hole is
considerable. The scouring area in the present
experiment was the largest of all tests and was
about 72% larger than unprotected pier (Test No.
1) and 16% larger than Test No. 3, though the
scour depth was not much reduced. Furthermore L
and S were about 67 and 63% larger than
unprotected pier respectively.

3.5. Pier with Double Collars one at the Bed and
another at 1.0D below the Bed (Test No. 5) In
this experiment, since the lower collar was deeper,
development of scouring below the upper collar
was similar to Test No. 2. Eventually, similar to
Test No. 2, the scour undermined the upper collar
after 15 hours. After the upper collar was
undermined the scour rate increased so that after
only 6 hours, materials between two collars at
upstream of the pier were completely washed away
and the surface of lower collar was exposed.
However, scouring did not penetrate below the
lower collar even after 200 hours (Figure ( 4)).
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Furthermore, at this time, downstream face of the
lower collar was not still exposed and relative
scour depth at the pier side (dse/D) was 0.8 (Figure
(3)). Therefore, the equilibrium scour depth at the
pier nose in the present experiment was 54%
smaller than unprotected pier.

Measurement for the extent of scouring showed
that with this arrangement the scouring area
increased for about 31% in comparison with
unprotected pier with L and S about 35 and 40%
larger than the unprotected pier respectively (Table
(2) and Figure (3)). Comparing with Test No. 4, the
efficiency of the collars in this test was
considerably increased and in the same time the
scour area was reduced by 24 %.

4. SUMMARY AND CONCLUSION

In the present study, in order to investigate the
collars performance on scouring five different
experiments were carried out with a circular pier
and single as well as double collars. Furthermore,
an experiment was also carried out with an
unprotected pier as a reference test to check collars
efficiency. The collars were 3D wide and flow
intensity in all experiments was equal to 0.8. With
collars, the development of the scour hole was
considerably postponed. Experimental results also
showed that:

1. For a collar at the bed level, equilibrium scour
depth decreased about 20% meanwhile the
extent of scour increased about 15% in
comparison with unprotected pier. On the other
hand, the equilibrium time increased about 60%.

2. In experiment with collar at 0.5D below the bed
level, though the equilibrium time increased
more than 200%, the equilibrium scour depth did
not reduce significantly. However, the scouring
area around the pier increased about 48%.

3. Efficiency of double collars depends on the
elevations of the collars.

4. Applying double collars, one at the bed and
another one at 0.5D below the bed level,
showed that the collars were undermined faster
in comparison with when collars were used
individually. With more than 100% longer
duration of experiment the equilibrium scour
depth decreased about 10%; however, the
scouring area around the pier increased more

16 - Vol. 25, No. 1, March 2012

than 70% in comparison with unprotected pier.

5. Applying double collars, one at the bed and
another at one of pier diameter (D) below the
bed level was the most efficient arrangement
for reducing scouring rate and depth. In this test
the scour depth reduced by 50% whereas the
scour area increased by only 30%.

5. REFERENCES

1. Ruff, J.F,, and Nickelson, J.R., “Riprap coverage around
bridge piers”, ASCE Conference on Hydraulics, San
Francisco, USA, (1993).

2. Raudkivi, AJ., “Loose boundary hydraulics”, Balkema.,
Rotterdam, The Netherlands, (1998).

3. Tanaka, S. and Yano, M., “Local scour around a
circular cylinder”, Proceeding 12th Congress of IAHR,
Fort Collins, Colorado, Vol. 3, (1967), 193-201.

4. Ettema, R., “Scour at bridge piers.” Rep. No. 216,
School of Engineering, University of Auckland,
Auckland, New Zealand, (1980).

5. Chiew, Y.M., “Scour protection at bridge piers”,
Journal of Hydraulic Engineering, Vol. 118, No. 9,
(1992), 1260-1269.

6. Zarrati, A.R., Nazariha, M. and Mashahir, M.B.,
“Reduction of local scour in the vicinity of bridge pier
groups using collars and riprap”, Journal of Hydraulic
Engineering, Vol. 132, No. 2, (2006), 154-162.

7. Alabi, P.D., “Time development of local scour at a
bridge pier fitted with a collar”, M.Sc thesis, Civil and
Geological Eng. Dept., University of Saskatchewan,
Canada, (2006).

8. Mashahir, M.B., Zarrati, A.R. and Mokallaf, E., “Effect
of Bed Shear Stress on Development of Scouring
around Bridge Piers Protected by a Collar”, Proceeding
32nd Congress, IAHR, Venice, Italy, (2007).

9. Zarrati, A., Gholami, H. and Mashahir, M.,
“Application of Collar to Control Scouring Around
Rectangular Bridge Piers”, Journal of Hydraulic
Research, Vol. 42, No. 1, (2004), 97-103.

10. Mashahir, M.B., Zarrati, A.R., Rezaei, M.J. and Zokaei,
M., “Effect of collars and bars in reducing the local
scour around cylindrical bridge piers”, International
Journal of Engineering, Transaction B: Applications,
Vol. 22, No. 4, (2009), 333-342.

11. Melville, B.W. and Chiew, Y.M., “Time Scale for Local
Scour at Bridge Pier”, ASCE Journal of Hydraulic
Engineering, Vol. 125, No. 1, (1999), 59-65.

12. Melville, B.W. and Sutherland, A.J., “Design Method
for Local Scour at Bridge Piers”, Journal of Hydraulic
Engineering. ASCE, Vol. 114, No. 10, (1988), 1210-
1226.

13. Zarrati, A. and Mokallaf, E., “Effect of Bed Sheer
Stress on Development of Scouring around Bridge Piers
Protected by a Collar”, 32th congress of IAHR, Venice,
Italy, (2007).

IJE Transactions C: Aspects



	25-1-C-2.pdf
	EFFECT OF COLLAR ON TIME DEVELOPMENT AND EXTENT OF SCOUR HOLE AROUND CYLANDRICAL BRIDGE PIERS
	M. Karimaee Tabarestani* and A.R. Zarrati


