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Abstract

Scouring of the river bed material surrounding the bridge pier is a major cause of the

failure of the pier. So many researchers have been done on scour depth estimation, but

not so much focus is addressed to find the countermeasures. Countermeasures can be

used to either strengthen the river bed or to alter the current around the pier. Scour

monitoring is a crucial aspect to minimise scouring. The paper studies different

methods to monitor scouring. The review focuses on one of the countermeasures to

reduce the scouring slot. The scouring varies according to change in the shape,

dimension, and position of the slot. Scour monitoring devices can be different

according to the site condition.
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INTRODUCTION

The main issue that the extension structure faces is
scouring under the scaffold dock because of the
momentum in a waterway. Scouring beneath the
extension wharf is the significant reason for
connecting  disappointments [1]. In  one
investigation of 500 scaffold disappointments in
the United States somewhere in the range of 1989
and 2000, flooding and scour were the reason for
53% of the recorded disappointments [2]. In the
United States, the normal expense for flood harm
fix of roadways is assessed at $50 million every
year [3]. During a solitary flood occasion in the
upstream Mississippi and downstream Missouri

waterway bowls, which happen in 1993, at any

rate, 22 of the 28 extensions bombed because of
scouring [4]. Wharf scouring occurs when brisk
water flows wash away a lot of soil materials
adjoining span docks, and this can destroy the

structure [5]

Neighbourhood scour happens around singular
extension docks and projections. Descending flow
is initiated at the upstream finish of extension
docks, prompting  exceptionally  confined
disintegration in the structure's immediate region
(see fig 1 [6]). Horseshoe vortices create because
of the detachment of the flow at the edge of the
scour gap upstream of the dock and in pushing the

down-flow inside the scour opening nearer to the
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wharf. Horseshoe vortices are an aftereffect of
starting scouring and not the essential driver of
scouring. Moreover, a partition of the flow along
the edges of the wharf brings about a wake vortex
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Fig.1 Flow around circular pier [4]

Giving the space in the wharf helps decrease the
quality of the horseshoe vortex because of the
decrease in the powerful width of the dock.
Besides, the death of water through the opening
lessens the quality of the unfavourable weight

angle upstream of the wharf [8].
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Fig.2 Slotted Bridge pier [8]

The opening assists with passing a large portion of
the course through it and just the equalisation is

left to cause a lot of diminished scour harm. [9]

The most far-reaching checking plan set up as a
major aspect of any board's public extension
resource is to attempt visual reviews. These

assessments are typical in designing and are

utilised to distinguish auxiliary abnormalities, for
example, breaking and different harms [10].
Concerning scour, visual reviews include using
jumpers to assess the state of establishment
components and gauge the profundity of scouring
utilising fundamental instrumentation [11]. Two
specific drawbacks related to this investigation
technique incorporate the way that assessments
can't be completed during seasons of flooding
when the danger of scouring is the most elevated,
and the greatest profundity of scouring may not be
recorded as scouring gaps will, in general, be filled

in as flood water dies down [12].

COMPARATIVE SLOTTED BRIDGE PIER
STUDIES

Lately, a few investigations have been thought
about the Slotted connect dock in various
exploration papers. Scouring decrease may change
as per the position, shape, and length of the

opening.

As the state of this space changes, the decrease of
scouring changes. On the off chance that we use Y
and T moulded spaces as a countermeasure to
decrease scouring, results are discovered as Y
formed openings were discovered more

successfully than T formed spaces slot.

(a) (b) (c) (d) (e)

Fig. 3 Three-dimensional line drawings of: (a)
straight slot; (b) slot T1; (c) slot T2; (d) slot Y1; ()
slot Y2
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Greatest scour decrease productivity was appeared
by two specific spaces, one having a diminished
downflow edge of y moulded opening and one
straight opening individually 33% and 38%. An
expansion in the left point of y formed space
diminishes the presentation as it expands the
vitality misfortune and scouring. As far as volume
decrease of scouring, Y moulded space with a
little point between leave discovered to be more
proficient as a 59% decrease in volume and for the
straight opening decrease in the volume of

scouring is discovered to be 53%.[13]

The current examination demonstrated that collars
and openings might altogether  diminish
profundities at connect wharves. The trials
performed permit makes the accompanying
determinations. The arrangement of space
decreases the scouring to an incredible degree.
When the opening is given beginning from water
surface to downwards decrease of scouring was
somewhere in the range of 48% and 85%, while
when it is provided starting from the stream bed to
upwards, it was somewhere in the field of 60%
and 88%. In this manner, the space Position is a
particular that straightly affects the scour
profundity, with the best situating close to the bed
[14].

The space measurement additionally influences
the decrease of scouring. Suppose we give stature
"D" width" D/4" in a roundabout wharf, where
"D" is the distance across the extension dock. The
outcomes show that when space is inserted under
the waterway bed keeping the stature as D, scour
profundity will be diminished about 20.34% to
39.73% in the front of the wharf and diminishing
in scour volume is 46.84% to 75.74%. [15]

The scouring profundity changes as indicated by
the situation of the space. Scouring is least when
space started from the beginning of the waterway
bed and is more when the opening situation is over
the stream bed level. In an examination of
scouring in space arrangement, a decrease of
scouring profundity was more in an opening
having a length in run zero to double the
measurement of the dock which is discovered
23.8% decrease and in space having a length
equivalent to the distance across of the wharf and
beginning above stream bed level is discovered
12% decrease. Results show that scouring
profundity is affected by the proportion of the
average speed of the waterway to the edge speed
of silt, and scouring diminishes as the proportion
decline. [16]

An opening penetrated close to the underlying bed
surface doesn't impact the water level; at a short
length upstream to the opened chamber, the stream
goes amiss through space; nonetheless, such a
redirection may marginally stray the methodology
stream at a more drawn out separation towards the
bed more than on account of an undrilled chamber;
in an opened chamber, the disturbance power in
the stream wise course increments extensively in
the closeness of the chamber front, while it
increments somewhat the symmetrical way; in any
case, it decreases in the span wise heading; close
to space, a striking increment of tempestuous force
happens; in any case, it might diminish for profiles

farther from the cylinder.[17]

An opening is demonstrated to be compelling in
lessening scour, especially if space reaches out
into the bed. Nevertheless, space is incapable if the
methodology stream has a high obliquity

concerning the opening widths to build a plan
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relationship. The slot has indicated an expansion
in proficiency whenever implanted in the
waterway bed. The opening productivity
diminishes as the point between the space and the
stream increases, and the space is inadequate when
the opening crosses over to the stream. [18]

(d)

)

(@)

(©)

Fig. 4 Pier with different slot shapes and without slot

Between all the openings at any height from the
bed level, the base profundity of scouring
happened in space No. 3. They are expanding the
width of the space benefits more than expanding
the stature. The game plan of the adequacy of
space measurements on scouring decrease in the
scaffold wharves is opening No. 3 (width more
noteworthy than tallness), space No. 2 (width
indistinguishable from tallness), and opening No. 1
(a width littler than stature). In an expansion to the
opening's size, those spaces introduced close to the
bed surface result in the greatest scour profundity
identified with different rises. The wharf was
opened from the bed level to the stream level, and
with rising the current speed, the scour
profundities were diminished. The scouring
profundities for spaces close to the water level
were not exactly the other opening areas. In this
way, among all the models watched, space No. 3
ends up being more effective at the third level
lessening the scour profundity by 20%. It ought to
be noticed that the spaces on the docks don't

regularly ensure to bring about lessening scour

profundity. Explicit investigations will be
completed on each case, taking the docks'
components and the spaces' setup into account.
[19]

SCOUR MONITORING USING DEPTH
MEASURING INSTRUMENT

Given the significance of the scouring issue, the
scope of instrumentation has been created to scour
gap advancement. These instruments can be
extensively arranged as follows: single-use
gadgets, heartbeat or radar gadgets, covered or
driven bar systems, sound-wave devices, fiber-
Bragg grinding gadgets and electrical conductivity
gadgets. They are portrayed independently in the

accompanying sub-segments.

1. Electrical conductivity device

Gadgets utilise the distinctions in the electrical
conductivity of different media to decide the area
of the water-residue interface. They take a shot at
the guideline of estimating an electrical flow
between two tests. If the material between the tests
changes, the capacity for a current to be drawn will
likewise change. This marvel can be utilised to
demonstrate the presence and profundity of
scouring. A case of a gadget that utilises this

innovation is the electrical conductivity test [20]

2. Fibre — Bragg grating

Fibre-Bragg grinding sensors are a type of piezo-
electric gadget [21]. These sorts of sensors work
dependent on the idea of estimating strain along
implanted cantilever poles to produce electrical
signs, which can show the movement of scouring
along the pole. It has been discovered that the
move of the Bragg frequency has a straight
relationship with the applied strain in the hub
heading [22]. An inserted pole that turns out to be

somewhat presented because of scouring will be
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exposed to hydrodynamic powers from the
progression of water that actuates bowing in the
uncovered bar. This bowing permits the strain
sensors to identify that the pole is free. If few
strain checks are situated along the bar, the
movement of scouring might be observed. These
gadgets perform especially well in observing the
adjustment in scour profundity with time at their
introduced area and are moderately modest to
create. Their answer, nonetheless, relies upon the
dividing of the sensor exhibit along the bar. It can
likewise be profoundly delicate to vibrations of the
help structure utilised, with vibrations happening
because of streaming water or traffic excitation
from the scaffold. A few surveys of the viability of
the methodology report that there is little contrast
between covered and uncovered sensors because
of this wonder [23].

3. Driven buried rod devices

Covered or driven bar frameworks include the
attractive sliding collar, the "Scuba mouse", the
Wallingford "Tell-Tail" gadget, and mercury tip
switches. These instruments deal with the
guideline of a manual or mechanised gravity-put
together physical test that rests with respect to the
streambed and moves to descend as scour creates.
The gravity sensor is normally situated around a
covered or driven pole framework in the
streambed. It must be adequately huge to forestall
infiltrating the streambed while in a static state. A
distant detecting component is normally used to
distinguish the adjustment inside and out of the
gravity sensor. On account of an attractive sliding
collar, the area of the collar comparative with its
unique position is dictated by the conclusion of
attractive switches along the inflexible bar. As the

streambed disintegrates, the sensor moves along

the bar, and its attractive nature makes these
switches close. The information can be physically
or naturally read. On account of programmed
perusing, adaptable links can be appended to the
framework, which passes on attractive switch
terminations back to an information obtaining unit.
This gadget gives a generally direct strategy to
scour profundity movement; be that as it may,
there are a few weaknesses. In the manual readout
mode, the sensor requires a framework as metal
tubing that can be helpless to harm from garbage
impacts, especially during seasons of hefty flood
stream. Scour profundities must be distinguished
in the immediate region of the gadget, so a few
gadgets might be needed to catch the valid (global)
effect of scouring. The gadget utilises a gravity
sensor, and in that capacity, it stays at the most
minimal profundity of scouring after each flood
occasion [24]. This implies it might need to be
reset, which can be expensive and tedious and

gives no data on scouring opening re-filling. [4].

Mercury tip switches can be utilised on a
determined or covered pole to scour. This deal
with the rule that when a steel pipe is
foreshadowed into the ground, switches situated
along the pole overlay facing the line, hence
shutting the circuit. If the streambed materials
disintegrated, the switches open accordingly,
breaking the circuit. Because of its effortlessness,
this gadget gives a powerful method to recognise
scour near the sensor establishment region. They
are diminishing the sensor switch exhibit
separating permits the precision to be improved.
Detriments related to this instrument incorporate
how mercury is utilised in the sensor,
demonstrating unsafe to the earth whenever

delivered [24]. Likewise, the sensor can't

© MANTECH PUBLICATIONS 2021. All Rights Reserved



Smart Innovations and Constructions ‘ 279

demonstrate that scour gap re-filling has happened
because the switches can't close again once
opened. It can notwithstanding give a decent gauge
of the greatest scour profundity created.

4. Single-use devices

Single-use gadgets comprise buoy out gadgets and
fastened covered switches that can distinguish
scour at their establishment areas. [24, 25] that can
scour at their areas of the establishment. These
gadgets are introduced vertically in the riverbed,
almost a dock or projection of scouring of intrigue
and work on the rule that when the profundity of
scouring arrives at the establishment profundity of
the gadget, they essentially coast out of the dirt.
When the gadget changes from a vertical direction
to a level one (after coasting out), an electrical
switch triggers, which can show to an information
procurement framework that the gadget is no
longer in the ground and that the scour profundity
has arrived at its height. Fastened covered switches
regularly have three status markers: "in position",
"coasted out", and “not operational [25]. Although
these are exceptionally straightforward mechanical
gadgets, they have a few certain impediments.
They require the costly establishment and have
just a solitary use before they should be re-
introduced and can demonstrate that the scour
profundity has arrived at the gadget's situation.
Accordingly, they give no additional data on the
greatest scour profundity came to. Tethered buried
switches should likewise be straightforwardly
hard-wired to an information securing framework
and, as such, are powerless to trash harm. Buoy
out gadgets have a limited measure of put away
force, which implies they must be supplanted in
the long run as a major aspect of typical support

strategies. However, float-out gadgets and fastened

covered switches are generally dependable bits of
gear because of their characteristic
straightforwardness and can  satisfactorily
demonstrate when the profundity of scouring has

arrived at their establishment profundity [4]

5. Pulse or radar devices

Pulse or radar gadgets use radar signals or
electromagnetic heartbeats to decide changes in
the material properties when a sign is proliferated
through a changing physical medium [26]. This
regularly happens at a water-dregs interface, and
along these lines, this kind of gadget can
distinguish a profundity of scouring at a specific
area. Time-space reflectometry (TDR) is a
technique that utilises changes in the dielectric
permittivity constants between materials to decide
a profundity of scour at a particular area [27]. This
technique was initially evolved by electrical
specialists keen on identifying discontinuities
along force and correspondence lines [28].
Estimating tests are introduced into the dirt at an
area of scouring of intrigue. A quick rising
advance drive is sent down a cylinder that decides
the interface between the water and the dirt,
henceforth the profundity of scouring. They work
dependent on the rule that when the engendering
wave arrives at a region where the dielectric
permittivity changes (for example, the water-
sediment interface), a bit of the vitality is reflected
in the beneficiary. They can consequently be
utilised to watch the variety of scouring profundity
with time [29]. The strategy requires long tests to
be introduced into the waterway bed at the area of
intrigue, which can be costly and tedious. The
estimation exactness is influenced by fluctuating
temperature in the channel, with relative blunders

of the request for 5%being revealed in certain
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examinations. In any case, checking the divert
temperature notwithstanding the TDR wave form
can relieve this effect. [30]

CONCLUSION

Scouring reduction varies if the slot dimensions or
position is changed. The slot is found most
efficient if the angle between slot and current is 0-
20 degrees. The Y-shaped slot is found more
effective than the T-shaped slot, and if the angle
between two branches of Y is less, the scouring
reduction is 53-59%. If the slot is provided at the
river bed level, the reduction of scouring is in the
range of 48-88%. The dimension of the slot is also
important for scour reduction. If the width of the
slot is in the range 0-2 times the pier diameter, the
scour reduction is 0-23.8%, and if the height of the
slot is kept as the pier diameter, then scour
reduction is 46-75%. Different types of monitoring
devices are used according to the site condition.
Single-use devices are not preferred mostly
because it is one-time use and does not give the
maximum scouring depth. A more effective device
is fibre Bragg grating as it gives maximum scour

depth and real time continuous monitoring.

ACKNOWLEDGMENT

I am sincerely thankful to Mr Snehansu Nath for
providing me with the opportunity to write this
review paper. | am also thankful to Parul
University for providing me with the resources for

the manuscript of this paper.

REFERENCES
1.Lu Deng and C.S. Cai "Bridge scour Prediction,
Modeling, Monitoring, and countermeasures"
Practice periodical on structural design and
(2010),
doi:10.1061/(ASCE)SC.1943-5576.0000041

construction,

10.

11.

12.

Wardhana K, Hadipriono FC. Analysis of recent
bridge failures in the United States. Journal of
Performance of Constructed Facilities 2003;
17(3):144e50.

Arneson La, Zevenbergen L.W, Lagasse PF,
Clopper PE. HEC-1 evaluating scour at bridges.
5th ed.2012.pp.1e340

L.J. Prendergast and K. Gavin “A review of
bridge scour monitoring techniques” Journal of
Rock Mechanics and Geotechnical Engineering 6
(2014) 138e149,
http://dx.doi.org/10.1016/j.jrmge.2014.01.007
Annadale, GW, and D.ing (2006) scour
technology MC Graw-hill. pp: 419

Hamill L. Bridge hydraulics. London: E& FN
Spon; 1999

Yee- meng Chiew,
J.Hydraul.eng.1992; 118(9): 1260-1269.

Abhijit Saha and HL "Tiwari A CRITICAL
REVIEW OF COUNTERMEASURE OF
SCOUR AROUND A BRIDGE PIER”
International Journal of Civil Engineering and
Technology (IJCIET) Volume 9, Issue 5, May
2018, pp. 402-407, Article ID:
IUCIET_09_05_045

Dr Pankaj Go, swami, Miss Manish Barua

member, ASCE,

"slotted pier as a scour control measure"
International Journal of Progresses in civil
engineering. (IJPCE) ISSN(PRINT):2394-4676,
(ONLINE):2394-4684, VOLUME-2, ISSUE-
1,2015

Sohn H, Farrar CR, Hemez F, Czarnecki J. A
review of structural health monitoring literature:
1996e2001. Los Alamos, USA: Los Alamos
National Laboratory; 2004.

Avent RR, Alawady M. Bridge scour and
substructure deterioration: a case study. Journal
of Bridge Engineering 2005; 10(3):247¢e54.

Lin YB, Lai JS, Chang KC, Chang WY, Lee FZ,

Tan YC. Using mems sensors in the bridge scour

© MANTECH PUBLICATIONS 2021. All Rights Reserved



Smart Innovations and Constructions 281

13.

14.

15.

16.

17.

18.

19.

20.

monitoring system—Journal of the Chinese
Institute of Engineers2010; 33(1):25e35.

Hooman Hajikandi, Mahsa Golnabi “Y shaped
slots in river Dbridge pier as scour
countermeasures.” Proc. Inst. Civ. Eng. water
manag., pp. 253-263, 2018,
doi:10.1680/jwama.16.00063

A.T. Moncada-M a, J. Aguirre-Pe, J.C. Bolivar ¢
& E.J. Flores “Scour protection of circular bridge
piers with collars and slots” J.Hydraul.. Res.,vol.
47(1) pp-119-126, 2009 ,doi
:10.3826/jhr.2009.3244

Ali Khodabakhshi, Mojtaba Saneie, Abdolnabi
Abdoh Kolahchi “Experimental study on the
effect of slot level on local scour around bridge
pier” International Journal of Research in
engineering and technology. Eisen: 2321-7308,
vol: 03 02/ Feb-2014Available @
http://www.ijret.org

M. Heidarnejad, M. Shafai Bajestan, A. Masjedi
“The effect of slots on scouring around piers in
Different Positions of 180degrees Bends” World
Applied Sciences Journal 8(7): 892-899, 2010,
ISSN 1818-4952

Tafarojnoruz, R. Gaudio & F. Calomino “Effects

Issue:

of a slotted bridge pier on the approach flow”
Research gate Publication XXXIIlI Convegno
Nazionale di Idraulica e Costruzion ildrauliche
Brescia, 10-15 septembre 2012.

Virender Kumar, Kittur G.Ranga, and Nandana
Vittal “Reduction of local scour around bridge
piers using slots and collars” Journal of
Hydraulic Engineering. 1999. 125:1302-1305.
Naser Mahan, Seyed Habib Musavi Jahromi*
Comparative study of slot shapes effects on the
scour around bridge pier” International Journal
of Science and Engineering Investigations, vol.
6, issue 70, November (2017)

Anderson NL, AM, ThitimakornT.

Ground-penetrating radar: a tool for monitoring

Ismael

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

bridge scour. Environmental & Engineering
Geoscience2007;13(1):1e10

Sohn H, Farrar CR, Hemez F, Czarnecki J. A
review of structural health monitoring literature:
1996e2001. Los Alamos, USA: Los Alamos
National Laboratory; 2004.Pp. 1e311.

Lin YB, Lai JS, Chang KC, Li LS. Flood scour
monitoring system using fiber Bragggrating
sensors. Smart Materials and Structures 2006;
15(6):1950e9.

May RWP, Ackers JC, Kirby AM. Manual on
scour at bridges and other hydraulic structures.
London; 2002.

NCHRP. Monitoring scours critical bridges
synthesis of highway practice.
Washington DC; 2009

Briaud JL, Hurlebaus S, Chang K, Yao C,

Sharma H, Yu O, et al. Real time monitoring of

Traffic safety.

bridge scour using remote  monitoring
technology. Austin, USA,
http://tti.tamu.edu/documents/0-6060-1.pdf; 2011
Forde MC, McCann DM, Clark MR, Broughton
KJ, Fenning PJ, Brown A. Radar measurement of
bridge NDT&E International
1999;32(8):481€92

Yu X, Yu X. Time-domain reflectometry

scour.

automatic bridge scour measurement system:

principles and potentials. Structural Health
Monitoring 2009; 8(6):463e76.
Yankielun N, Zabilansky L.

investigation of time-domain

Laboratory
reflectometry
system for monitoring bridge scour. Journal of
Hydraulic Engineering1999; 125(12):1279e84.
Hussein EA. Vibration-based damage detection
of scour in coastal bridges. North Carolina State
University; 2012.

M, Chowdhury MN, Khan AA,

Atamturktur S. An evaluation of scouring

Fisher

measurement devices. Flow Measurement and
Instrumentation 2013; 33:55e67.

© MANTECH PUBLICATIONS 2021. All Rights Reserved



