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Abstract
Bridge pier's local scouring is known to be a destructive factor in river engineering science. This
phenomenon is widespread in river intersecting structures such as bridge piers, spur dykes, and
downstream river structures. Extensive research has been conducted to reduce and control
destructive phenomena, and many solutions have been proposed. These solutions are divided into
two parts, namely, direct and indirect protection. In this study, the direct method was studied by
defining scenarios. Since many bridges are affected by scouring during the operation, in the present
study, the collar method, which is known as a direct protection method, in the case of flexible and
permeable, is suggested. The technique is presented an adjustable chain collar, three times bigger
than the pier's width (w/d=3), and its effect is investigated in clear water conditions. In the defined
scenarios, three different diameters of the chain as CI=5 mm, C11=10 mm, and CI11=15 mm were
used to control chain shapes' effect, and three dimensionless flow parameters (U/Uc= 0.73, 0.85,
and 0.96) were selected to investigate the effect of flow conditions. According to the results, the
scour depth is related to changes in the diameter of the collar chain, as the final scour depth

decreases by increasing the diameter of the chain from CI to CIII. Therefore, in the best conditions,

for ClII, the dimensionless ratio of scouring reduction (L) is equal to 71% near to inception

dSmax

motion parameter (U/U.=0.96).

Introduction

Scouring is a phenomenon that occurs due
to the interaction of flow conditions and the
movement of bed materials along rivers and
waterways due to the passage of flow. The
depth of bed erosion compared to the original
bed is called the scour depth (Shafai Bajestan
et al., 2018). Due to the collision of water
flow with the bridge pier and the creation of
separation phenomenon, which complicates
the flow field and creates a vortex around the

bridge pier, local scouring occurs in the bed
around the bridge pier. Scouring is
considered one of the leading causes of
destruction and damage to bridges.
Numerous researchers have conducted many
studies on this phenomenon over the past
years that their results have been effective in
preventing bridge damage. The various flow
structures around the bridge pier include
downflow and the horseshoe vortex at the
front of the pier and the vortexes, resulting
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from the separation of the flow from the
bridge pier at the sides and downstream of the
pier. Experimental results have shown that
due to the presence of vortexes, the bed
materials around the bridge piers are exposed
to the forces of the flow and the resulting
vortexes (Karimaei Tabarestani, 2020). In a
rectangular pier, the direction of flow due to
the expansion of the separation area, on the
side and behind of the pier, the strength of the
vortexes increases around the base, which
directly impacts the scour depth (Solimani
babarsad and  Safaei, 2021). The
phenomenon of local scouring around the
bridge pier is very complicated because of the
rotations and vortexes that occur around the
pier, which is shown in Fig.(1). Since many
parameters  effectively  inform  this
phenomenon, the study of this phenomenon
is currently done in the laboratory using
small-scale models.

Many researchers (Solimani Babarsad et
al., 2021), (Wang et al., 2020), (Adib et al.,
2019), (Karimaei Tabarestani, 2020),
(Gohari and Rezaei, 2020), (Karimi et al.,
2017), (Khozeymehnezhad and Ghomeshi,
2016), (Safaei et al., 2015) have studied local
scouring around bridge piers in the laboratory
using numerical modeling and investigated
various aspects of the parameters affecting
the scour depth. In addition, their results have
led to the interpretation of the flow field and
the scour pattern around the bridge piers,
which resulted in the division of scour depth
reduction scenarios into two main parts. In
general, various scour control methods are
done in two forms: Erosion control and
impact reduction of erosive forces (Akhlaghi
et al.,, 2020). In the first method, the
resistance of the bed is increased against the
incoming tensions by protecting and
strengthening the bed, such as different kinds
of ripraps or blankets. On the other method,
it is stabilized by protective piles, submerged
plates, sills and creating gaps by changing the
flow pattern around the pier to reduce erosive
parameters such as secondary currents and
horseshoe vortexes (Solimani Babarsad et al.,
2021). Using collars for the scour depth
reduction is classified in the direct method. In
recent years, many studies have been done on
the collar's performance.

Mechanism of Influence of Collars on Scour
Depth around the Bridge Pier

A study has investigated the effect of
netted collar position on the scour depth
around an oblong-shape bridge pier (Taheri
and ghomeshi, 2018). They used simple and
netted collars with 30, 50, and 70% openings
in four positions, including at the bed level,
0.12B below the bed, and 0.5B and B above
the bed. It has shown that the bed level and
below the bed are the best positions for
installing collars. The bed level has shown
100% efficiency in the simple collar and 92%
in the netted collar of 70% in reducing the
scour depth. Also, the performance of all
collars below the bed was the same and
reduced scouring depth by 88%. In addition,
the other study has investigated the
performance of netted collar on the scour
depth reduction at bridge rectangular
abutment in the composite channel (Alem et
al., 2013). In their study, three netted collars
were tested with 20, 33, and 50% openings
and twice the width of the bridge abutment.
They were placed in three positions on the
bed, 2 and 4 cm above the bed and as a result,
netted collar of 30% have had the best
performance. On the one hand, research has
shown the effect of placing simple and netted
collars on scouring around the cubic pier of
the bridge with a width of 40 mm in clear
water conditions by four positions such as
simple collar and netted collars of 15, 30, and
40% by considering three different numbers
of Froude 0.19, 0.16, and 0.13 (Jalili and
Ghomeshi, 2016). After this, the performance
of the collars at 0.5B and 0.25B above the
sedimentary bed level was compared with the
initial results without the collar. It has been
demonstrated that there is a 34 to 97%
reduction in the maximum depth of scouring
in terms of netted collars. Additionally, the
scouring rate has decreased by reducing the
Froude number in all collars with different
opening percentages. The other research
investigated the effectiveness of a
semicircular collar on reducing the scour
depth around the abutment to determine
changes in the flow pattern around it
(Shahsavari et al., 2020). Indeed, it was
examined in clear water conditions and
semicircular  collars on  semicircular
abutment in two sizes 1.5L and 2L, and at
three different levels, such as bed level and
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0.2L below and above it. The results showed
that using the collar reduced the final scour
depth and delayed the scouring process,
which is observed by increasing the size of
the collar. Moreover, the alignment of collars
with equal size can cause their better
performance and, finally, reduce the design
cost. According to the test results, the 2L size
collar under the bed level showed better
performance and reduced the final scour
depth by 58% in comparison with the control
abutment. In another study has been
investigated the effect of the Froude number
on the scour depth around a circular section
of bridge pier with netted unsymmetrical
collar (Raeisi and Ghomeshi, 2020). The
results showed that the scour depth and the
area of scour holes increase, and the collar
performance decreases to minimize the scour
depth by increasing the level of collar
installation on the bridge pier. Additionally,
the scour depth was reduced to 72% by
installing the netted collar of 15% at bed level
and in Froude number of 0.26. Also, the
result was similar to the scour depth changes
by installing the netted collar of 30 and 40%
at the height of 2cm above bed level. In one
related research, the flat plate collar was
fabricated in the laboratory to reduce the
scour depth and tested under different kinds
of flow conditions. This collar is designed in
equilibrium time conditions and was able to
control horseshoe vortexes (Valela et al.,
2021). It also examined the flow field and
shear stress of the bed around the collar by a
numerical model. This study showed that the
scour depth downstream of the pier decreased

between 69.7 to 75.7%. Finally, another
research has been done on cylindrical piers of
a bridge and two-piers-in-tandem in clear
water conditions considering scouring of
horseshoe vortexes near the collar (Garg et
al., 2021). This study compared single collars
around the pier and continuous collars around
the two piers against scouring. Moreover, in
terms of the two piers test, their protective
effect was examined against scouring. Its
performance was calculated to be about 67 to
100% for 2.5D and 3D continuous collars
around the bases with 2D intervals.
According to the results of

studies and the use of different types of
collars such as netted collars and collars with
different geometric shapes in previous
research, it was shown that the use of any
type of collar has a great effect on reducing
the scour depth around the bridge piers and
also, different performances can be expected
from them by changing their shape and
dimensions. However, the collar is a low
thickness plate that may not function
properly due to flow pressure during floods
or on bridges with many and dense piers.
Therefore, more research is needed on the use
of different types of collars to reduce
scouring around bridge piers, which is both
more resistant to torrent and also easy to
install. Accordingly, this study aimed to
investigate the effect of using a flexible collar
with permeability around bridge piers. In this
regard, according to the defined scenarios,
the collar was examined that might be used
during the operation of the bridge.

1 - Flow

2 - Pier

3 - Surface wakes

4 - Bow wave

5 - Downflow

6 - Horseshoe vortex
7 - Wake vortices

8 - Scour hole

Fig. 1- Flow pattern and local scour hole around a cylindrical bridge pier (Yang et al., 2020)
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Materials and Methods
Dimensional Analysis

Numerous parameters such as sediment
characteristics,  cross-section  geometry,
bridge pier shape, and flow characteristics
affect the scour depth around the bridge piers.
This study determined the local scour depth
parameters and then dimensioned them by
the Buckingham dimensional analysis
method. The essential parameters in this
research are shown according to Eqg. (1).

F(ds,, .., ddods, v, w, U, Ue.g, p, 4, (1)
B, D, 7, )=0

In this equation,dsmax is the maximum
scouring depth for pier without protection
(control test), d is the pier width, dso is the
sediment particle diameter, ds is the scour
depth, y is the flow depth, w is the collar
diameter, U is the flow velocity, Uc is the bed
inception motion velocity, g is the gravity
acceleration, p is the fluid specific gravity, u
is the water viscosity, B is the Flume width,
D is the chain diameter, T is the equilibrium
time, and t is the test time. By applying
Buckingham's dimensional analysis method
and assuming d, U, and p as iterative
variables, the equation can be written as the
following dimensionless function (2):

Fy(ARe, Fre T d G, d ddd @)
" ) :0

T

According to the study (Rajaratnam and
Ahmed, 1998), since the Reynolds number
(Re) in this equation exceeded 3000 for all
experiments, the flow is entirely turbulent,
and the Reynolds number can be neglected.

In addition, Fr. =\/gU—dL is the Froude
50

numbers of the particle at the inception
motion which was disregarded because all
the tests were conducted below the inception
motion. It should be noted that the relative
velocity parameter (U/U:) was used to
investigate the scour of the piers in similar
hydraulic conditions, which was consistently

considered equal to 0.96 in the tests.
Considering that the parameters B, y, and w
are fixed in all tests conducted, so the effect
of these parameters can be neglected in the
defined scenarios, and Eq.(3) can be written
as the following functions (3):

FS(ﬁ,L,z,e,z):o 3)

ds _ ds D U t
F_F“( ’d’UC’T) (4)

dsmax

. d d .
In relations 3 and 4, (ES , d—s) are relative

Smax

scour depth, (%) is the relative diameter of the

collar, (Ui) is the relative velocity, and (%) is
c

the dimensionless parameter of time.

Laboratory Setup

To investigate the effect of the flexible
collar, the tests were conducted in a Gunt
research flume located in the Hydraulics and
Fluid Laboratory of the KWPA Research and
Educational Center. Figure (2) shows the
flume's specifications in a schematic sketch.
The flume shown in the image is 10 meters
long, 31 centimeters wide, and 50
centimeters high. The frame of the flume is
metal with a rectangular cross-section and the
ability to change the slopes. Its walls are
glass, which allows for observing the
channel's flow and other phenomena.
Moreover, the water supply system was
circulating, which allowed the tests to
continue for a long time. For this purpose,
water was transferred  from  three
interconnected reservoirs installed under the
flume, each with a capacity of 1000 liters by
a pump with a maximum flow of 51 liters per
second and flow control by a bypass valve.
An electromagnetic flow-meter was used for
measuring the inlet flow with an accuracy of
0.1 lit/sec. Water depth was adjusted with a
downstream rectangular weir.
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Fig. 2 - Deflnltlon sketch of the testing flume

Experimental set-up (Control of laboratory
restrictions of scenarios)

A. Model dimensions (Selecting the pier
diameter)

Since the first step to reaching the
maximum scour depth is to determine the
values of allowable parameters affecting the
scour depth, the effective parameters are
considered by the various criteria proposed
by previous researchers. The following scales
are selected to achieve the conditions in
which the maximum depth of local scouring
is formed. For choosing the pier diameter, the
side effect of the channel walls on the local
scour around the pier must be considered.
According to (Chiew and Melville, 1987), the
pier diameter should not exceed 10% of the

channel width (%2 10) and based on the

(Raudkivi and Ettema, 1983) idea, the ratio
of channel width to pier diameter should be
greater than 6.25. Considering these criteria,
the Teflon pier was used with a 3 cm diameter
for the basic model. To fix the pier inside the
sediments, the basic model was attached to a
horizontal PVC plate and placed at a distance
of 1-meter at the beginning of the 2-meter
sedimentary zone.

B. Regard of Uniformity Criteria and
Sediment Size

The sediment particle diameter (ds) should
provide the maximum scour depth around the
bridge pier while leaving the equilibrium
scouring depth unaffected by sedimentary
particles size (Melville (1997) On the other

hand, the minimum of — to be 25 (d is the
pier diameter or width and (dso) is the mean

sedimentary particles size). Moreover,
Raudkivi and Ettema (1983) have suggested

the relative of di to be at least between 20 to

50
25. In this study, this ratio is equal to 31.58,
which covers the above criteria. According to
the recommendation (Raudkivi and Ettema,
1983), the average size of sediment particles
should be more than 0.7 mm to prevent ripple
formation. Therefore, the average size of
sediment particles dso equal to 0.95 mm was
chosen to obtain the maximum scour while
avoiding ripples formation creating. Since
the non-uniformity of sediments reduces, the
final local scour is affecting by the
phenomenon of armoring the scour hole, if
the sediment's geometric deviation of 6, =

f% is less than 1.5 then, the condition of

16

particle uniformity is established, and finally,
the effect of sediment non-uniformity is not
considered on local scouring (Shafai
Bejestan et al., 2010). In this research, natural
river sand was selected with a uniform grain
size (6, = 1.36) and arelative density (G; =
2.64) and also the size of sediment particles
equaled to the average diameter of particles
ds50=0.95 mm which corresponds to the above
criteria.

C. Selection of Flow Depth and Velocity

Flow depth and velocity affect the final
scour depth if they are selected incorrectly.
According to (Chiew, 1995), to avoid the
effects of flow depth on the scouring rate, it
should be three times greater than the pier
diameter or width (y>>3d). Melville and
Chiew (1999) argued that the maximum
shear stress should be investigated in clear
water to determine the flow depth. When the
flow velocity is in the range of 0.3U. < U <
U, it indicates the scour is in clear water, and
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the live-bed scour occurs when the mean
velocity (U) exceeds the critical velocity
(UL). In this research, the experiments were
designed around the clear water, and to
determine the critical velocity, computational
and laboratory observations methods were
used (Figure 3). The critical flow velocity is
calculated by establishing a constant depth
and gradually increasing the flow rate in
several  repetitions  stages. Melville's
equations provide a reasonable estimation of
the Shields curve to determine the critical
shear velocity for the average size of bed

quartz particles in 20 °C water (Melville,
1997).

FOR - 0.1mm < dsy < Imm
U,, = 0.0115 + 0.0125d37 5)

FOR —» 1mm < d5y < 100mm 6
U., = 0.305d%5 — 0.0065d5, ©)

The logarithmic  velocity  distribution
equation was used for critical velocity:

(7)

U, =5.7510g(5.53 — )xUs,
d50

o —o- Velocimeter b d @m’m
= =Expon. (Velocimeter 2 =
05 Expon. (Velocimeter) ,,,/ (b) (a) f/

R* = 0.9905

0.4
7
77
é’ 0.3 P
S ”
a2 e g
0.2 z
/ '
0.1 o= |
'
0 '
0 0.02 0.04 0.06 0.08 0.1 0.12
z(m)

Fig. 3 - (a) Armfield-Streamflo Velocity Meter and (b) Velocitymeter's graph

Table 1- Summary of experimental hydraulics condition
Square  Mean

Flume . . Water Water .
width  Pier par'glcles depth discharge Relatl_ve Reynolds Froude
(cm) width size (cm) (m¥/h) velocity
(Cm)  (mm)
B d dso y Q U/U. Re Fr
31 3 0.95 10 21<Q<29 0.73<U/Uc<0.96 >20000 0.19<Fr<0.26
A —
4 § E U=Flow
1 i R . =
R =
| o
= | Sedimentbed > flexible Collar
Plan
d=3cm
Bow Wave Pier \V4
v e
B ~ =h
é i Flow
>”- i flexible Collar
=t= AN LN NN
E |
- !
R i Sediment bed
Section A-A

Fig. 4 - Sketch of the testing setup
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According to previous equations, the
sediment incipient motion velocity was
Uc=0.183 m/s. However, laboratory
observations in different depths and velocities
resulted in Uc= 0.22 m/s. Therefore, in all
experiments, this velocity was considered the
basis for the velocity of incipient motion.
According to these criteria and calculated
sedimentary particle incipient motion velocity,
the U/U.=0.96 condition was established with
a constant 10cm flow depth. Assuming
U/U=0.96, all scenarios can be compared in
identical conditions close to the bed sediment
incipient motion. Table (1) shows the
experiment components according to the
scenarios.

D. Time Duration of Experiments
To determine the experiments' equilibrium
time, a lengthy investigation was conducted for

experiments was considered to be 8 hours
(Melville and Chiew, 1999).

Models Specifications

This study used three different models of
flexible and permeable collars (chain) and a
square pier with a width of d=3 cm and a height
of 20 cm made of plexiglass (Figure 4). One of
the piers was used as a control test (without
protection), and the other three piers were used
to twist the flexible collar with chain diameters
D/d =0.17,0.33, and 0.5. Figure (6) shows the
models specifications. To investigate the
quantity effect of the flexible and permeable
collar on scouring rate, the percentage of
scouring depth reduction according to Eq. (8)
was used where ds and dsmax represent the scour
depth and the equilibrium scour depth,
respectively.

12-hours on the c_ontrol pier test. Figure (5) o, dsmax — dg (8)
show that approximately 98% of the scour R%=(— )*100
depth occurs after almost 480 minutes. smax
Therefore, the equilibrium time in all the
3.0 -=e-Square control pier without Collar
"-.__..-0'"".'7'".' EET TERREY SPEREY TTY
25 -t !
r‘.. 1
2.0 ..," '
s ' g
At 4
1.0 & F
H 1
E 1
05 § ;
1
0.0 $
0 100 200 300 400 500 600 700
Time(min)

Fig. 5 - Time variations of scour depth

ig. 6 — (A) pier in test and (B) hain for flexible cIIar

\ |




Safaei et al. 44 (2) 2021

60
DOI: 10.22055/J1SE.2021.37936.1982

Experiments

To do the experiments, after placing the pier
model of the bridge and twisting the collar, the
bed sediments were leveled evenly across the
channel in the longitudinal directions. Before
starting the pump, the downstream weir was
adjusted. The water gently was directed from
the inlet channel to the model to prevent
disturbing the bed sediments and creating
ripple at the bed surface. After raising the water
level, the pump was started with a low flow,
reaching the target level. During the
experiments, the maximum scouring depth
around the pier at different times was measured
by a mechanical depth gauge with millimeter
accuracy. At the end of each experiment, the
drainage valves installed at the bottom of the
channel were opened by cutting the inlet flow
to the channel. The water was gently drained so
that no change occurred in the topography
around the pier. Finally, the bed's topography
around the pier was surveyed with a laser meter
with millimeter accuracy and a 1x1 cm mesh
plate (Figure 7).

Fig. 7 - Photos of experimental tests

Point bar

A) Un-protected Pier Test (Control tests)
At first, the scour of the square pier of the
unprotected bridge was examined as a control
test to be a basis for controlling and compared
with other cases in reducing the amount of
scour depth and bed changes. Also, as
mentioned earlier, a control test was conducted
for 12 hours on the pier (without collar) to
determine the test's duration (equilibrium
time), and changes in the scour depth were
recorded per unit time during the test.

B) Pier Test with Collar Protection

According to Fig. (7), the chains with
different diameters are wrapped around the
piers in the form of a collar diameter of 9 cm.
Figure (7) shows the formation of scour holes
and sediment ridges in the pier model with a
ClIlI collar. In the following, the longitudinal
profiles of the bed level are drawn for
comparison with each other. Also, Table (2)
presents the different scenarios of the tests and
their conditions for further investigation.



61
Experimental Study Effect of ...

Vol. 44, No. 2, 2021

Table 2- Details of experiments

R Dimensionless Relative Dimensionless ~ Scour reduction
ow Models L . .
chain diameter velocity relative depth Percentage
., D U ds d

Test Pier’s name 3 0. - 4 %

1 Cl 0.17 0.73 0.06 94

2 Cl 0.33 0.85 0.12 88

3 Cl 0.50 0.96 0.41 59

4 cll 0.17 0.73 0.07 93

5 cll 0.33 0.85 0.14 86

6 cll 0.50 0.96 0.35 65

7 Cll 0.17 0.73 0.08 92

8 Cll 0.33 0.85 0.15 85

9 Cll 0.50 0.96 0.29 71

10 Unprotecting - 0.73 0.35 -

11 Unprotecting - 0.85 0.59 -

12 Unprotecting - 0.96 1.00 -

Results and Discussion

Most of the bridge piers need protection
against scouring after construction, for which
researchers have suggested different solutions.
The collar method was investigated in this
study, one of the direct protection and bed
stabilization methods. Also, a flexible chain
collar with different diameters was studied. For
this purpose, to model the flexible and
permeable collar, we rotate the chain around
the base of the bridge and place it according to
Fig. (7). Figure (8) shows the longitudinal
profile of scouring for each collar next to the
unprotected control pier. This figure is drawn
at U/Uc =0.96, and the collar diameter is the
same for all experiments. In addition, the
profiles illustrated in the figure are drawn for
the three modes of protection scenarios Cl, Cll,
and CIII, against un-protected pier tests.
According to the results, profile CIII has fewer
scouring holes than the other two profiles. The
control tests showed that water flow's contact

with the pier immediately created vortexes
around the square pier due to downflow that the
scour process starts at a high-speed rate. The
horseshoe vortexes start around the pier after
increasing the hole depth. The sediments raised
from the scour hole were transferred
downstream, accumulated on both sides behind
the pier in a relatively symmetrical mode, and
formed a sedimentary ridge. Sometime after
the start of the test, the sediments raised from
the scour hole have reached a level that the
pier's effect on the bed surface reduced, and the
impact of vortexes behind the pier became
negligible. In this condition, the secondary
flow affected the sediments transferred from
the scour hole toward downstream. Eventually,
after 8 hours, the scouring rate decreased
significantly. It was also observed that the
scour depth at the front of the pier had a
maximum value, and it decreased by moving
away from the pier.
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Fig. 9 - Equilibrium time variations of scour depth

Figure (9) shows the equilibrium tests for
different scenarios at U/Uc = 0.96. According
to the figure, at first, the scouring hole was not
observed for approximately 200 seconds for
the CI scenario, after which the scouring hole
began to develop. Also, for the CIII scenario,
the scour hole development started as soon as
the test began. However, it was observed that
the equilibrium scouring depth of ClIl with a
larger relative diameter is less than ClI with a
smaller relative diameter and CIlI with a
medium relative diameter. After reviewing the
test results, it was found that the reason for this
event is that there is no interaction between the
collar in the CI scenario and the flow at the
beginning of the test. However, over time,
interference between the flow lines and chains
occurs in smaller holes, and scouring begins
and develops around them. However, in a chain
with larger holes, the flow colliding with the

holes occurs from the beginning, and scouring
begins. Figure (10) shows the percentage of
scour depth reduction and the sensitivity of

each protection to changes in flow conditions
(U/Uc). According to the figure, in the
dimensionless ratio of flow velocity, below the
inception motion, the dimensionless scouring
ratio for all three types of protection are very
close, and their effects are similar. For
example, the protection value is more than 90%
for all three types of collars at (U/Uc=0.73).
However, at (U/Uc=0.96), the percentage of
scouring reduction is 71% for collars with a
larger relative diameter (CIII) and 59% for
collars with a smaller relative diameter (Cl),
that the difference between the two scenarios is
equal to 12%. It indicates that at (U/Uc=0.96),
the flexible collar with a larger relative
diameter (CI1II) has a better ability in scouring
control.

Figure (11) shows the dimensionless ratio
of scour depth (ds/d) in different flow
conditions versus the dimensionless ratio of
flow velocities (U/Uc). According to the
figure, in relative speeds of 0.73% and 0.85%,
the dimensionless scouring ratio is the same for
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all three types of collars, and the scour depth is
almost the same for them. However, at a
relative speed of 96%, the percentage of chain
scouring depth in the CI scenario increased.
compared to Cll and ClII scenarios Table (3)
compares the results of this study with other
researchers in  similar  circumstances.

Considering that no previous study has been
conducted on flexible and permeable collars, in
this Table, the results of the netted collars of
previous researchers have been compared with
the results of the current study. Based on Table
(3), the collar in the CIlI scenario for scouring
control shows better results than other studies.
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0

Percentage of scouring depth reduction

u/uc=0.96

mCI mCII mCIII

88 g6 85

u/uc=0.85

u/uc= 0.73

Fig. 10 - Relative scouring depth reduction percentage versus flow relative velocity

3.0
25
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ds/d

1.0
0.5

- CI ~*-CII -= CIII -e-Control

0.0
u/uc=0.73

u/uc=0.85

u/uc=0.96

Fig.11 - Dimensionless scouring depth for all scenarios against relative velocity

Table 3- Comparison of the results of the study with other researchers in clear water conditions

Percentage of scour
depth reduction

Type of collar

Researcher name

(%)

100 Simple bed collar Jalili and Ghomeshi (2016)
85 Netted collar of 30% in oblong-shape Taheri and ghomeshi (2018)
37 Unsymmetrical netted collar of 30% Raeisi and Ghomeshi (2020)
84 Square netted collar of 30% Bahrami and Ghomeshi (2018)
58 Circular netted collar of 30% Hemmati et al. (2017)

59 Flexible and Permeable collar (CI Scenario)

65 Flexible and Permeable collar (Cll Scenario) Current study

71 Flexible and Permeable collar (CIlI Scenario)
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Conclusion

In this study, the direct bed protection

method with a flexible and permeable collar
has been used to control and reduce the scour
depth around the bridge piers. Its protection
was examined by twisting the chain around the
pier and forming a collar-shape plate. By
applying these protections and their effect on
different relative velocities (U/Uc), the impact
of flow was investigated, and the results are as
follows:

1.

Combining the bridge base and the flexible
collar allows the necessary protection to be
provided in the conditions of operation
when the base is disposed to scouring. It
should be noted that other protections
should be conducted during construction or
in dry seasons.

chains occurs in smaller holes, and scouring
begins and develops around them.
Nevertheless, in a chain with larger holes,
the flow colliding with the holes occurs
from the beginning, and scouring begins.

. In relative speeds of 0.73% and 0.85%, the

dimensionless scouring ratio is the same for
all three types of collars, and the scour
depth is almost the same for them.
However, at a relative speed of 96%, the
percentage of chain scouring depth in the ClI
scenario increased compared to Cll and
CIII scenarios.

. In the best conditions, the collar structure in

the CIIl scenario at (U/Uc=0.96), the
dimensionless ratio of scouring reduction

(d&) is equal to 71%.

Smax

. According to the results in Table (3), the

2. Changing the chain's diameter changes the collar in the CIIl scenario, with a 71%
scour depth ratio, and increasing the reduction in the scour depth near the
diameter of the chain from CI to Clll inception motion, has relatively similar
decreases the final scour depth. results in comparison with rigid collars that

3. Based on the results of the equilibrium test were studied in other researches by other
for each scenario, there is no interaction researchers.
between the chain and the flow in the chain
collar with a smaller relative diameter atthe ~ Acknowledgment
interference between the flow lines and  laboratory for their supports.
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