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ABSTRACT

NUMERICAL STUDY OF THE LOCAL SCOUR AROUND BRIDGE PIER
WITH COLLAR USING FLOW-3D SOFTWARE

ALHAMMOUDI, Yousef
M.Sc. in Civil Engineering
Supervisor: Prof. Dr. Mustafa GUNAL
September 2023
69 pages

The scouring of sediments around bridge foundations in the riverbed leading to
collapse remains a significant problem, causing both economic losses and risking
human lives. This investigation focuses on studying the effects of collar for reducing
scour around bridge piers by using two different types of bridge pier shapes namely
circular and nosed pier. In recent years, three-dimensional simulation methods for
scouring have gained popularity due to advancements in computer capabilities and
software, enabling the widespread utilization of Computational Fluid Dynamics (CFD)
to analyze scour phenomena in various industrial and environmental applications. A
numerical model is created for bridge pier with collar to compare and validate the
results obtained from the experimental study of Ismael A. et al., in 2015. Findings

shows that local scour is reduced by using collared bridge pier.

Key Words: Scour, Flow 3D, Circular pier, Nosed pier, Collar
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OZET

YAKALI KOPRU AYAGI CEVRESINDE OLUSAN YEREL OYULMANIN
FLOW-3D YAZILIMI KULLANILARAK SAYISAL CALISMASI

ALHAMMOUDI, Yousef
Yiiksek Lisans Tezi, Insaat Miihendisligi
Damisman: Prof. Dr. Mustafa GUNAL
Agustos 2023
69 sayfa

Nehir yatagindaki koprii temellerinin etrafindaki malzemenin asinarak ¢okmeye yol
acmasi, hem ekonomik kayiplara neden olan hem de insan hayatini tehlikeye atan
onemli bir sorun olmaya devam ediyor. Bu arastirma, dairesel ve burunlu olmak tizere
iki farkli koprii ayagi sekli kullanilarak koprii ayaklari etrafindaki oyulmanin
azaltilmasinda yakanin etkilerinin incelenmesine odaklanmaktadir. Son yillarda,
bilgisayar yetenekleri ve yazilimlardaki gelismeler nedeniyle oyulma i¢in ii¢ boyutlu
simiilasyon yontemleri popiilerlik kazanmis ve ¢esitli endiistriyel ve c¢evresel
uygulamalarda oyulma olaylarmi1 analiz etmek i¢in Hesaplamali Akiskanlar
Dinamiginin (CFD) yaygin sekilde kullanilmasina olanak saglamigtir. Ismael A. ve
arkadaglarinin 2015 yilindaki deneysel c¢alismasindan elde edilen sonuglari
karsilastirmak ve dogrulamak amaciyla yakali koprii ayagi i¢in sayisal bir model
olusturulmustur. Bulgular, yakali koprii ayagi kullanilmasi halinde yerel oyulmanin

azaldigini1 gostermektedir.

Anahtar Kelimeler: Oyulma, Flow 3D, Dairesel ayak, Burunlu ayak, Yaka
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CHAPTER1
INTRODUCTION

1.1 Overview Background on the scour

The bed of rivers or streams around the world can change constantly so under these
circumstances the engineers had to find a system to drain water efficiently without
endangering the infrastructure. Even so, riverbed sediment which is naturally eroded by
the flowing water, also transported and deposited river sediments, changing the height of
the riverbed and its boundaries. Bridges are a vital element of the infrastructure of a
country, it is crucial to protect these bridges from problems. Scour is one of the most
problems against bridges. Scour is defined as a natural phenomenon that occurs in rivers
because of the water flow. Water in motion can cause erosion, leading to scouring, which
is the removal of particles from the bed and sides of the stream, including those near bridge
piers and abutments. Scouring is a major cause of bridge failure and can lead to the
formation of holes that undermine the foundations of bridge piers and abutments during
significant flood events (Tulimilli., 2003). Affording to the United Nations Environment

Program in 2000, soil erosion is a major

There have been several reported cases of bridge pier failure due to scour in the United
States and worldwide. For the United States, scour has been identified as a contributing
factor in the disaster of numerous bridges, including the Tacony-Palmyra Bridge in
Pennsylvania, the Schoharie Creek Bridge in New York, and the Mississippi River Bridge

in Minnesota as shown in Figure 1.1.
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Figure 1.1 Reasons of the 503 reported bridge collapses in the United States from
1989 to 2000 (Wardhana, Hadipriono 2003).

According to Breusers' (1977) statistics, it was shown that scour accounts for 60% of
the causes of bridge failures, making it the most frequent reason for bridge collapses.
Scour depth refers to the reduction in sediment levels near bridge piers or other

hydraulic structures.
1.2 Scour and its Classification

It is a general phenomenon occurs due to the flow of water where Sediment is being
moved. Scour generally influences by the effects of abutments and piers when water
passes across these structures and a net change in the bed elevation is observed. When
the bed elevation decreases due to the erosion of bed then it is called as degradation
where the increase of bed elevation due to the deposition of Sediment is called as

aggradation.
1.3 Local Scour

Near a pier within a uniform open channel flow, the flow pattern undergoes a transition
to a dynamic and intricate state as a scour hole takes shape around the pier, as noted
by Bozkus (2004). The primary mechanisms contributing to scour around piers involve
the downward flow at the upstream face of the pier and the formation of horseshoe
vortices at the base of the scour hole, as highlighted by Muzzammil (2004). The
downward flow transports sediment away from the pier's base, leading to the creation

of a scour pit, and interacts with the incoming flow, resulting in the formation of a



complex vortex configuration, a phenomenon documented by Whitehouse and Harris
(2014). This vortex pattern extends around the downstream sides of the pier. The
pivotal factor driving the scouring process is the downward flow reaching the bed, as
elucidated by Melville and Raudkivi (1977). On the upstream side of the pier, the

velocity of the approach flow diminishes to zero, establishing a stagnation point.

The decrease in flow speed from the surface to the bed leads to a reduction in
stagnation pressure on the pier's face, creating a downward pressure gradient. This
gradient drives a vertical jet-like flow down the face of the pier. The presence of the
pier induces intense vortex movement near its base, entraining bed sediments. As the
scour develops, the rise in local flow depth reduces the erosive motion at the bed,
resulting in a decrease in the scour rate until a balance is reached (Lauchlan and
Melville, 2001). The three types of statues mentioned directly above contribute to the

thorough cleaning around the bridge piers.
Local scour can be of two types:

1. Clear-water Scour: This occurs when there is no sediment movement, and

Sediment is not transported to the scour-prone zone.

2. Live-bed Scour: In this type, Sediment is transported with the flowing water,
leading to a decrease in the scour's height. Achieving an equilibrium condition
takes time for this type of scouring, and the depth of the scour oscillates around

a mean position.
1.3 Scope of Thesis

The primary objective of this study is to conduct a numerical simulation based on the
research conducted by Ismael.A.at al, 2015. Their research aimed to identify a cost-
effective bridge pier shape that reduces local scour around the pier. In line with their
work, this study selects two specific piers namely (circular pier and noise pier) for
simulation and investigates adding collars for each pier to evaluate their impact on the

reduction of scour depth.

Subsequently, two types of collars (Circular Collar and Airfoil-Shaped) will be added
as attachments for each selected pier to estimate the possible effect on reducing scour

depth around the bridge pier. The outcomes of this simulation will be compared with



results from experimental investigations to establish the suitability of the Flow-3D

software for comprehensively analyzing scour phenomena.
1.4 contribution of the study

This study is expected to provide contribution to reducing local scour around bridge
pier by using collar research in the world. The proposed bridge pier with collar will

give idea about reducing scour and give detailed information about scour mechanism.
The main objectives of this study are as follows:

e To conduct a numerical simulation based on the research by Ismael and Gunal
in 2015, with the aim of identifying a cost-effective bridge pier design that

reduces local scour around the pier.

e To select two specific types of piers (circular and nosed) for simulation and
assess the potential impact of adding collars to each pier on the reduction of

scour depth.

e To examine two types of collars (Circular Collar and Airfoil-Shaped) as
attachments for each selected pier to estimate their effect on reducing scour

depth around the bridge pier.

e To compare the simulation outcomes with results from experimental
investigations to determine the suitability of the Flow-3D software for a

comprehensive analysis of scour phenomena.

e The results from the new models will be compared to reference the model

(circular pier model)
1.5 Thesis Outline

This thesis is organized into five chapters. The content of the chapter is summarized

below:
Chapter 1: Overview
In this opening chapter, the study's objectives and thesis framework are outlined.

Chapter 2: Literature Review



The second chapter covers previous researches related to scouring, encompassing
different types of scours, sediment movement around pile foundations, the impact of

bridge pier design and geometry on scour reduction.
Chapter 3: Methodology and Experimental Procedures

This section provides a detailed account of the methods and procedures employed in
both experimental and CFD modeling. It includes meshes' setup, boundary conditions'

definition, and relevant physical parameters.
Chapter 4: Results

Within this chapter, a thorough examination and discourse of the results pertaining to
the application of the collar method for diminishing local scour depth around the

bridge will be provided.
Chapter 5: Conclusions and Recommendations

The concluding chapter encapsulates the principal findings extracted from both
investigations and presents insightful suggestions for potential avenues of future

research exploration.



CHAPTER 11

LITERATURE REVIEW
2.1 Introduction

Scouring causes, the movement of the sediment bed from the upstream of the flow
direction and the movement weakens the pillar structure and making the structure
risky. Extensive investigation into this phenomenon has been conducted over the
preceding few decades and being continued. The scour background, failure statistics,
and terminology of scour and its classification was reviewed within the initial chapter,
and subsequently in the second chapter, there will be an exploration of specially
discuss the scour mechanism, factors affecting bridge scour countermeasures methods
and basic theories related to the transportation of the Sediment and the previous studies

related to scouring.

The phenomenon of scouring around bridges has emerged as a significant factor
contributing to instances of bridge structural failure, as delineated in Figure 2.2. Over
the course of the previous three decades, the United States has witnessed a substantial
number of bridge collapses, exceeding 1,000 in total. A notable proportion,
approximately 60%, of these instances has been attributed to scouring effects in
proximity to bridge piers, a finding highlighted in the investigation conducted by
Shirhole and Holt in 1991. This concern was exacerbated by a comprehensive inquiry
undertaken by the Transportation Research Board in 1997, revealing a substantial total
of 488,750 bridges spanning over streams and rivers across the United States. The
economic implications of such failures related to scouring were estimated to reach an
annual cost of $30 Million, according to estimates presented by Lagasse and

colleagues in 2001.



Figure 2.2. Collapse of the Schoharie Creek Bridge due to flood in 1987 (USGS 2012).

The phenomenon of scouring around bridges has emerged as a significant factor
contributing to instances of bridge structural failure, as delineated in Figure 2.2. Over
the course of the previous three decades, the United States has witnessed a substantial
number of bridge collapses, exceeding 1,000 in total. A notable proportion,
approximately 60%, of these instances has been attributed to scouring effects in
proximity to bridge piers, a finding highlighted in the investigation conducted by
Shirhole and Holt in 1991. This concern was exacerbated by a comprehensive inquiry
undertaken by the Transportation Research Board in 1997, revealing a substantial total
of 488,750 bridges spanning over streams and rivers across the United States. The
economic implications of such failures related to scouring were estimated to reach an
annual cost of $30 Million, according to estimates presented by Lagasse and

colleagues in 2001.

In the case of the United States, Alabi's 2006 study stated that flood damage restoration
on highways costs an average of $50 million each year. Additionally, floods have also
contributed to bridge failures in Turkey during the last few decades, with incidents
occurring in Trabzon, Malatya, Bartin, Hatay, and Mersin between 1990 and 2001
Kirwan, G., et al. (2010).



In 1914, Gilbert presented the foundational equation for estimating sediment transport.
Subsequently, a range of equations have been introduced to model sediment
transportation within open channels. These equations have been devised to
accommodate various sediment grain sizes under conditions of steady state and
uniform flow. Particularly, equations for total sediment load have gained prominence
among engineers due to their applicability across diverse sediment transport scenarios,
without differentiation between bed load and suspended load. It's worth noting that
some equations are specifically tailored for either suspended load or bed load, as

discussed by Graf (1984).

There has been significant research done by Melville and Chiew (1999), Kothiary et
al (1992a, 1992b), Laursen (1962, 1963),, Vittal et al (1994), (Chang 1988), Garde and
Raju (1985), Ram (1999), Johnson and Bilal (1996), Dey et al (1995), Sheppard and
Jones (1998), Dey, S. (2007)., Parola (1996), and Lim and Chiew (1999) and authors
have studied various aspects of scouring on aspects of local scour, including time-
based and equilibrium scour, clear water and live bed scour, scour in uniform and non-
uniform bed materials, and scale effects in pier scour. Many empirical equations and
mathematical models have been developed to predict scour depth around piers, with
the goal of estimating the ultimate scour depth. In recent years, studies have been made

to lessen scour via piers of various shapes, geometries, and orientations.
2.2 Local Scour Mechanism

The maximum failures of bridges occur for the scouring which removes the Sediment
from the base of piers. And research are being carried out across the world to make the
pier design safe and economical. When water is flowing two bridge the pier there
creates a stagnation point at the intersection between the pier and the direction of the

flow where velocity comes to complete rest Cook, W. (2014).

The velocity distribution of the approaching flow varies from zero at the bed surface
up to the maximum at the surface of water that creates a pressure gradient from the
bottom to the top. This change in pressure creates vortex at the bottom of the pillar that
sweeps Sediment from the region and the vortex looks like a horseshoe. For that
reason, this type of vortex is called horseshoe vortex Shahriyar, M. A. (2021). The
basic mechanism leading to local scouring on piers or abutments is the creation of

vortexes. Water deposition on the upstream face and subsequent flow acceleration



around the nose of the pier or abutment contributes to vortex formation. When the
transport rate of Sediment away from the local area is higher than the transport rate
into the region, a scour hole forms. As the scouring depth increases, the frequency of
the vortexes decreases and hence the transport rate decreases. Scouring ceases as
equilibrium is restored and the scouring void will not grow further. A traditional vortex

around a pier is: (Horseshoe vortex, Wake, Bow wave, Trailing vortex)

Figure 2.1 Mechanism of local scouring Cook, W. (2014).

As the scour hole around a pier in a uniform open channel flow increase, the flow
beginning nearby the pier becomes more complex, as observed in the study by Bozkus
and Osman (2004). The primary essentials that contribute to the occurrence of pier
scour encompass the downward flow experienced at the upstream face of the pier and
the subsequent development of horseshoe-shaped vortices at the base of the scour hole,

as documented in the research conducted by Muzzammil et al. (2004).

The downflow causes a scour hole by displacing Sediment from the base of the pier
when it reaches the channel bed. A highly intricate vortex system develops when the
downflow interacts with the incoming flow as it approaches the channel bed, as
explained by Hirshfield (2015). Subsequently, this system of vortices continues its
downstream extension along the lateral aspects of the pier. The downflow reaches its
maximum strength just below the natural bed level, and its effect on the bed is the

primary mechanism for scouring, as highlighted by Melville and Raudkivi (1977).



At the stagnation point located upstream of the pier, the incoming flow velocity
diminishes to zero, leading to an elevation in pressure on the pier's frontal surface. The
stagnation-induced pressure on the pier's leading face diminishes progressively as the
velocity experiences a decrease from the surface to the bed, primarily due to the
downward-directed pressure gradient. This pressure gradient initiates a downward

motion of the flow along the pier's surface, resembling the behavior of a vertical jet.

Moreover, the presence of the pier induces strong vortex motion, leading to the
entrainment of bed sediments near the pier base, as observed by Lauchlan and Melville
(2001). Figure 2.1 provides a visual representation of the flow dynamics and scour

pattern occurring around a circular pier, influenced by the presence of currents.
2.3 Flow Field Motion Around Bridge Piers

When encountering an obstruction, the flow field undergoes a division into three
distinct motion patterns: down-flow, the formation of a horseshoe vortex, and the
development of wake vortices. These patterns are elaborated upon in the subsequent

sections.
2.3.1 Down Flow in the Front of the Piers

Upon come across the bridge dock frontage, the flow field causes an elevation in the
water flow depth, leading to the creation of a stagnation point at the front surface of
the bridge pier. Consequently, a pressure variation initiates between the upstream and
stagnant sides of the pier (Yanmaz, 2002). Furthermore, the depth of flow is contingent
on the fluid's profile and velocity. As the flow velocity diminishes in front of the pier,

the associated pressure also decreases, influenced by the approach velocity.
2.3.2 Horseshoe Vortex

The term "horseshoe vortex" is utilized in the literature to depict the flow pattern
around a pier due to the shape of the eddy (Zhao et al., 2010). The development of the
horseshoe eddy system occurs naturally following the creation of a scour hole (Ozalp,
2013). As downstream flow interacts with the incoming flow, the horseshoe vortex
system takes shape. This vortex flow proceeds downstream along the edges of the pier,
as illustrated in Figure 2.4. The strength of the horseshoe vortex is influenced by
factors such as pier shape, geometry, and turbulent flow (Yanmaz, 2002). In essence,

a pier with a blunt nose generates a significant pressure gradient, initiating the

10



mechanism described above. This vortex forms when the bridge pier aligns with the
flow path and the upstream side of the pier is characterized by a sharp nose, with the

eddy's characteristics varying depending on the pier's attributes (Breusers, 1977).
2.3.3 Wake Vortices

The wake vortexes formed when the flow split takes place when the flow passes on
the edges of a pier, as clarify Figure 2.4. These wake vortexes are also responsible for
material erosion around the bridge pier. Wake vortexes migrate downstream and lead
to the transportation of sediments by downstream and horseshoe vortex (Melville and

Coleman, 2000).

Such vortices are responsible for generating holes near the piers. This form of erosion
damages many of the bridges (Hamidi and Siadatmousavi, 2017). As shown in Figure

2.1 Mechanism of local scouring and Figure 2.2 shown forms of vortexes around piers.
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Figure 2.2 Flow movement and scour formation are observed around a circular pier,

as documented by Melville and Coleman (2000).
2.4 Parameters Effect on Scour Depth

Several studies product by (Barbhuiya, 2004) (Richardson and Davies 1995) and
Lagasse et al. (2001) have shown the local depth around the bridge piers is influenced

by several parameters like;
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2.4.1 Flow Velocity

The velocity is regarded as one of the most essential parameters that aftfect the depth
of the scour, also both the shear velocity (U) and the number of Froude (Fr). Brownlie,
W. R. (1983). decided that the number of Froude is enough to reflect the velocity
influence of maximum velocity. Through this concept, the depth scoring in the natural
channel, considering Froude number in their investigations and also, regarding shear
velocity, reflect the current's ability to scouring it appears after earlier studies and
literature similar (Rajaratnam, N., & Nwachukwu, B. A. (1983), (Mccrquodale,1975),
Froehlich, D. C. (1989), in the situation of consuming clear water the maximum depth
of scouring takes place when (U=U",) this indicates that the flow velocity equals the
critical velocity, and this profundity is referred to as threshold peak Peck, R. B. (1996
Singh) and Maiti. (2012).

In experimental efforts to establish the link among scoring profundity as well as Froude
number, the scour round the spherical dock was determined that depends on. (a)
channel bed soil characteristics, (b) pier design and size, (c) Froude number of flows,

(d) scouring is also affected by the vortex creation round the piers and its type.
2.4.2 Flow Depth

Flow profundity is regarded as one of the criteria of efficiency for the depth of scouring

(Laursen., 1952). Some research indicate that the ratio of the shear velocity over
U*
uc

critical velocity (—) is constant. The scouring depth reduces with a depth drop and

explains that scouring depth is immediately proportional to the flow depth in the

sediment-water (Tey, 1984), (Wong, 1982), and (Kandasamy, 1989).
2.4.3 Reflectivity Gradation and Size of Sediments

The size of the Sediment will be matched to the diameter of the pier in a theoretical
examination. This is to ensure that the size of the Sediment does not affect the diameter
of the bridge piers, if this result of the equation is more than 50 then there is no

influence between the size of Sediment and depth of scouring (Ettema, 1980).

D
a.(d50)

> 50 (2.2)

D= diameter of Pier, and a= size of the Sediment. Table 2.1 clarify the size

classification of the sediment particles.
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Moreover, the depth of scour tends to increase when the diameter of the sediment
particles exceeds 2 mm, as indicated by Wong (1982). Ramu (1964) studied the effect
of particle gradation and found that equilibrium scour depths varied with different
standard deviations of grain size for a consistent canal bed grain size. Ahmed (1998)
also noted that the standard deviation of the riverbed sediment had a significant
influence on the equilibrium scour depth. The following equation provides an

explanation for the depth of scour under clear water conditions:
Ds.(g/D) = Ko Ds/D (2.3)
Where:

Ds: represents the equilibrium scour depth, g: is the standard deviation of the sediment

particle sizes., K= is a coefficient that depends on (og), D= is the diameter of the pier.

Table 2.1 Classification of the Sediment Particles.

Practical Name Range Size Loose Consolidated rock
Sediment
Boulder = 256 mm Gravel Conglomerate or breccia
(depends on rounding)
cobble 64-256 mm Gravel
pebble 2-64 mm Gravel
sand 1/16-2 mm sand sandstone
silt 17256 - 1/16 mm salt siltstone
clay < B clay Claystone, mudstone, and
256 shale

2.4.4 Bridge Pier and Attack Flow Angle

delves into the interplay between the bridge pier configuration and the angle of attack
of the flowing water Tison, L. J. (1961) Conducted an extensive study on scour around
bridge piers, suggesting that the curvature of streamlines plays a crucial role in

influencing the scour phenomenon. Shen et al. (1969) classified pier shapes into two

types:

1. Blunt-nose piers exhibit a strong horseshoe vortex system, leading to localized

scour depths near the upstream pier surface. The geometry of the piers at the
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upstream side significantly affects the depth of scouring. Additionally, the
length of the pier has minimal impact when the pier is positioned close to the

flow with a blunt-nose shape.

2. Influence of pier shape and attack flow angle on scour depth, the shape of a
bridge pier and the angle at which the flow approaches it play crucial roles in
the scour depth development. Sharp-nose piers, characterized by their
streamlined profiles, exhibit a relatively weaker horseshoe vortex structure,
resulting in the localization of maximum scour depth closer to the downstream
face of the pier. Laursen and Touch (1956) emphasized that in the case of
elongated piers facing a pronounced attack angle of the flow, the position of
the maximum scour depth shifts along the downstream direction, eventually
settling near the edge of the pier. This observation highlights the intricate
interplay between pier geometry and the incident flow angle in determining

scour patterns and depths.

A previous study by Chabert and EngeldInger (1956) investigated scouring around six
different pier types (shown in Figure 2.3 and Figure 2.4). The results of this study

revealed three main points:

1. Pier shapes in Group 1 (including pier shapes 1, 2, 4, and 6 shown in Figure
2.5) exhibited similar maximum scour depths under comparable flow

conditions.

2. For pier shape 3, the maximum scour depths ranged from 33% to 86% of those
observed for the matching flow velocities in Group 1. Higher flow velocities

resulted in lower scour depths.

3. Influence of pier shape on scour depth variation in the context of pier shape,
the fifth configuration exhibited noteworthy disparities in maximum scour
depths, ranging from 50% to 100% compared to those observed in Group 1 for
equivalent flow velocities. Notably, as flow velocities escalated, the scour

depths also exhibited a corresponding increase.

Figure 2.3 shows the shapes of the piers and the influence of the attack angle on

scouring.
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Figure 2.3 Several piers' shapes were examined for scour reduction (Chabert and

Engeldinger, 1956).

As depicted in Figure 2.4, alterations in scour depth exhibit a trend of reduction
through the streamlining of piers characterized by a zero-attack angle; nevertheless,
this advantageous trend becomes less prominent for attack angles exceeding 10°. A
notable exception arises in scenarios involving the arrangement of two circular piers
spaced at a distance equivalent to three times the pier diameter, where the influence of
the angle of attack on scouring remains limited. A pioneering investigation undertaken
by Paintal and Gard in 1956 revealed intriguing insights into this phenomenon. Their
study indicated that the rear aspect of the pier has negligible impact on scouring, in

contrast to the pivotal role played by the pier's upstream nose.

Their experimental analysis encompassed piers exhibiting an upstream triangular
configuration with apex angles spanning from 15° to 180°. Their results indicated a
direct relationship between increased apex angles and augmented maximum scour
depth. Furthermore, the length of the pier exhibited no discernible influence on the rate
of maximum scouring depths, given the specific pier shape and dimensions

investigated, which incorporated sediment particles of 2.5 mm in diameter.
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Figure 2.4 Effect of the angle of attack with the depth of scouring for different pier
shapes (Chabert and Engeldlnger, 1956).

2.4.5 Variation Time and Scour

The concept of equilibrium scours refers to a state where the depth of scouring remains
relatively constant over time. This idea is frequently discussed in the literature and has
been explored by various researchers. For instance, Franzetti et al. (1982) addressed
the state of equilibrium as the condition where no significant further adjustments in
scour depth occur as time progresses. The occurrence of equilibrium is often associated

with the absence of significant changes in scouring dynamics.

Local scour can be categorized into two main sediment transport scenarios: clear water
and live bed. As depicted in Figure 2.7, in live-bed conditions, equilibrium scour depth
is established when the average outflow of sediment particles from the scour hole
matches the average inflow. This equilibrium state is reached relatively swiftly in
comparison to scenarios involving clear-water flow. In live-bed conditions, the
equilibrium scour depth experiences fluctuations around an overall mean value. On the
other hand, in situations with clear-water flow, equilibrium scour depth is reached

when the flow becomes insufficient to dislodge sediment particles from the scour hole.

Chabert and Engeldinger (1956) concluded that equilibrium is achieved when the
scour depth remains relatively stable without significant fluctuations over time. Ettema
introduced a categorization of three distinct phases characterizing the scour

mechanism, providing a comprehensive understanding of its dynamics.



1. The initial stage is defined by quick scouring caused by downflow at the pier's
upstream face; the horseshoe vortex plays little influence, and sediment transport

begins at the pier's sides.

2. The major stage is controlled via the horseshoe vortex activity; throughout this
phase, scour happens in a narrow section round the pier. Also, the hole of scour grows,
the strength of the horseshoe vortex and the downflow gradually develop powerless to

transfer Sediment beginning from the bed erosion area.

3. The equilibrium stage is gotten when no additional important progress in the scour

hole occurs.

a3 . o
Time-averaged equilibrium Equilibrium scour depth
scour depth in live bed scour in clear water scour

Scour depth, dst

Clear water scour

Live bed scour

Time, t

Figure 2.5 Time and Scour depth progress of live-bed and clear-water scour (Chabert

and Engeldinger 1956).

They discovered that, even after the absence of the equilibrium circumstances, the
constant deepening of a balancing hole takes happen rather slowly. With clear-water
scour conditions and average of the shear stress with the weight of water and
turbulence stresses generates balance simultaneously. Melville and Coleman (2000) In
laboratory tests using clearwater condition, indicate the essential parameters to attain
equilibrium scour condition, requiring the test to continue for many days without
interruption. Bozkus and Osman (2004) Evaluate the time limit of the studies
conducted should be limited to 2 hours based on the experiments performed; despite
the fact that takes more than 2 hours 0.to reach the final equilibrium depth, they
discover that the rate of the scour depth hole has decreased after 2 hours. Mia and Nago
(2003) stated that if the scour progression in one hour is less than one millimeter, the

experiments can be stopped. Because the trend of scour hole development is
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asymptotic, some researchers have decided where to stop the experiments. The

proposal has been formally recognized by Melville and Chiew (1999).:

d(dse) < 0.05D

dt — 24hr (2'4)

From the previous equation, it can simply be stated that when the change of scour hole
does not go above 5% of the pier diameter in 24 hours, the experiment test is assumed

to reach equilibrium.
2.5 Review of Countermeasures Method of local Scour

Local scour is soil erosion around the base of a bridge due to the flow of water. This
can be a severe issue, as it can destabilize the structure and cause it to collapse. Several

methods can be used to counter the effects of local scour, including the following:

e Riprap revetment involves placing large stones or other materials around the
structure's base to protect against erosion. The stones absorb the flowing

water's energy and prevent soil erosion.

e (Grout bags: These are bags filled with grout placed around the structure's base.

The grout hardens over time, forming a protective barrier against erosion.

e Scour countermeasures: These are specialized structures or devices designed
to prevent erosion around the base of a bridge or other structure. Examples
include scour aprons, concrete or stone slabs placed around the base of the
structure, and scour curtains, which are flexible barriers placed in the water to

protect against erosion.

e Sediment traps are structures designed to trap Sediment in the water before it
reaches the base of the structure. This can help reduce the amount of erosion

that occurs around the structure's base.

e Restoration of streambanks: In some cases, erosion may be caused by the
destabilization of the streambank itself. In these cases, it may be necessary to
restore the streambank to prevent erosion from occurring. This can be done

through the use of vegetation, rock revetments, or other measures.

The researchers have identified two principal countermeasure categories used to

decrease the scour around bridge piers: Altering of Flow and the Bed armoring
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(Tafarojnoruz 2010). Flow-altering measures are designed to reduce the intensity of
the downflow and the vortex of the horseshoe (Ferraro, D., Tafarojnoruz, A., 2013).
Employing altering flow devices reduces the depth of the scour depth, and the shear
stresses on the bad of the river and the scour area of the pier are decreased due to the
altering flow pattern surrounding it (Mubeen., 2013). also, Tafarojnoruz, Gaudio, and
Dey (2010) classified the flow-altering methods into four categories, the previous
studies conducted on the many methods, in this thesis focuses of one methods of
countermeasures which is collar pier attachment, it will be explained by reviewing the

literature studies:
2.6 Collars Attachments to Pier

The streamed resistance can be considerably improved using bed armor counter
measurement attachments. The equipment or attachment of the pier includes collars or
horizontal platforms, threading and fittings (Tafarojnoruz 2010). collars cases used in
this study will be explained by reviewing the literature studies. As shown in Figure 2.9
Shape Pier with collar, the collars were contacting with the piers and utilized to divert
flowing of water away from them (Melville 1999). Many investigations research was
carried out to establish the ideal diameters and location for placement, the collar
directly affects the downflow by reducing the depth of scouring and scour rate
(Mubeen., 2013). The collars cover the entire pier, also the plate is commonly just
contacting to the face of the pier. collar located just at otherwise just below the natural
bed level to reverse and prevent the scouring from continuing after depth the collar

and pier (Tafarojnoruz 2010).

Increasing the diameter of a collar and positioning it below the sediment bed level
yielded a significant improvement in reducing scour depth. Additionally, the particle
size of the sediment played a role in influencing the collar's effectiveness, as noted by
Gris (2010). The efficacy of scour reduction by the collar is influenced by its diameter,
although practical considerations guide its size selection. Plates affixed to the pier's
face serve to mitigate the downward flow, thereby initiating the formation of a
horseshoe vortex. Kumar's research (1999) underscores that a larger scour hole is
formed at the upstream face of the pier when utilizing a smaller collar diameter
positioned higher up, as opposed to adopting a larger collar diameter at a lower height

(Kumar, 1999).
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A laboratory-based experimentation involving both rectangular and circular collars
corroborated these findings. The outcomes revealed a 79% reduction in scour depth
for both circular and rectangular collars. Notably, positioning the collar beneath the
river bed surface yielded the most pronounced reduction in scour depth (Akib, S.,

Jahangirzadeh, A., & Basser, H., 2014).
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Figure 2.6 Shape and Positioned the collar around circular pier (Mashair, 2004).
2.7 Sediment Properties

Here two conditions exist like live bed scour and clear water scour. And it can't be
predicted by observation. In case of live bed scour Sediment are transported with water
where in clear bed scour Sediment are not transported with water. Other than these,
particle size, distribution for non-cohesive sediments, spatial distribution of sediment

size are important factors.
2.8 Scour Prediction Governing Equations

There are several equations that are commonly used to predict the depth and extent of
scour around bridge piers and other structures. These equations take into account
factors such as the flow velocity, depth, and type of soil at the site, as well as the size
and shape of the structure. Some of the most commonly used equations for scour

prediction include:

e The Prandtl-Meyer equation: This equation predicts the flow velocity and
depth of scour around a pier based on the flow characteristics and the size and

shape of the pier.
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e The Chezy equation: This equation estimates the flow velocity in a channel

based on the roughness of the channel and the slope of the channel bed.

e The Strickler equation: This equation estimates the scour depth around a pier
based on the flow velocity, the size and shape of the pier, and the characteristics

of the soil at the site.

e The Shields equation: This equation estimates the critical flow velocity at
which Sediment begins to be transported by the flow. This can be used to

predict the onset of scour around a pier.

e The Van der Meer equation: This equation estimates the scour depth around a
pier based on the flow velocity, the size and shape of the pier, and the

characteristics of the soil at the site.

e It is important to note that these equations are only estimates, and that actual
scour depth and extent can vary significantly from the predictions made by
these equations. In practice, engineers often use a combination of these
equations and other methods, such as physical modeling and field observations,

to predict scour and design countermeasures.

Numerous empirical equations have been formulated to estimate the local scour depth
around bridge piers, as outlined by MclIntosh (1989). These equations are categorized
based on the type of local scour, distinguishing between clear-water scour and live-bed
scour. The development of local scour equations involves various approaches,
including curveting and regression methods, to calculate the maximum scour depths.
Notably, there exist several equations aimed at estimating the scour depth, which are

as follows:

1- Breusers equation

The local scour depth equation developed by Breusers, H. N. C. (1965). Breusers
concluded, that the maximum scour depth affected by pier diameter where the

maximum scour depth was about 1.4 times the pier diameter.
ds = 1.4b (2.1)
where b is pier diameter and ds maximum scour depth.

2- Laursen equation
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Laursen and Toch (1956) rest on on investigational study for the development scour
equations through the consideration of the flow depth in computing scour depth, but
Shen (1966), while Shen (1966) depend on the velocity for development scour
equation by including Froude number. The folloing formula (Laursen and Toch) are

for square-nosed piers Hamill, L. (1998).
For Live bed-scour:

dsp=1.5bp0.7Y0.3 (2.2)
For Clear-water scour:

dsp=1.35bp 0.7Y0.3 (2.3)

Where, dsp is the dock scour profundity (m), b, is width of the pier (m), y is the depth
of method flow (m).

While Shen II equation is written

dsp=3.4 bp 0.67 F0.67 Y0.33 (2.4)
where F is the Froude number of the approach flow.

3- Larras equation

Larras (1963) depends on field data several French rivers to developed Larras

equation:
ys=1.42 Ks:b0.75 (2.5)

where Ks; 1s a coefficient based on the form of the dock nose (1.0 for cylinder-shaped

piers and 1.4 for quadrangular piers) Where ys and b in ft.

Larras measured scour profundity afterward a flood had accepted, there for the

equation depends on pier thickness and shape individual (Shen and others, 1969).
4- HEC-18 equations

(Richardson and others, 1993) presents (HEC-18) equations based on experimental

data for circular piers scour for development the scour.

Y5 ) KiKaKs( =)065 Fo 04 (2.6)
yo yo
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where K is a coefficient based on the shape of the pier nose (Ki=1.1 for square- nosed

piers, 1.0 for circular nosed piers, and 0.9 for sharp nosed piers);

The coefficient for pier alignment is based on the ratio of pier length to pier width
(L/b) and the alignment of the approach flow to the bridge pier (Richardson et al.,
1993).

Table 2.2 Coefficient for pier alignment (K>) (Richardson et al, 1993).

Angle | L/B=4 |L/B=8 | L/B=12
0° 1 1 1
15° 1.5 2 2.5
30° 2 2.75 3.5
45° 23 33 4.3
90° 2.5 3.9 5

Table 2.3 Bed-condition correction factor (K3) (Richardson et al, 1993).

Bed condition Dune height * K3
Clear-water scour N/A 1.1
Plane bed and antidune N/A 11
flow
Small dunes 0.6t03.0m 1.1
Medium dunes 30to09.0m | 1.1to 1.2
Large dunes >9.1m 1.3

*K3 1s a coefficient based on channel bed conditions.
5- Melville and Sutherland (1988)

Melville and Sutherland depend on investigational data for the development of

equation, this equation called Melville and Sutherland equation
ds=KiKi Ky KaKs b 2.7)

In this equation, K1 is a coefficient that represents the intensity of the flow, Kd is a
coefficient that represents the size of the Sediment, Ky is a coefficient that represents
the depth of the flow, Ka is a coefficient that represents the alignment of the flow, and
Ks is a coefficient that represents the shape of the pier. These coefficients are used in

an equation to predict the scour depth around a pier.

Many empirical equations created to determining the local scour depth at bridge pier

according to Mclntosh (1989). Local scour equations are classified based on type of
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local scour if its clear water scour or live-bed scour, local scour equations can be
developed using different methods like curveting and regression method to compute
maximum scour depths. There are some equations to compute the scour depth wich

Summered by table 2.4:
Table 2.4. Summary of predicted equilibrium scour depth equations

Researcher Equations Description

Breusers (1965) ds=1.4b ds are max scour depth b is pier diameter

Laursen and dsp=1.5bp0.7Y0.3 d sp is the dock scour depth (m), bp is
Toch (1956) width of the pier (m), Y is the profundity
of approach flow, for live bed scour

Laursen and ds» = 135 bp For clear-water scour

Toch (1956) 0.7Y0.3

Shen I1 dsp = 3.4 bp 0.67 F is the Froude number of the approach
F0.67 Y0.33 flow

Larras (1963) ys = 1.42 Ks;b*7 Ks2 is a coefficient constructed on the

shape of the dock nose.
HEC-18 ys/yo=2Ki1 K> K3 F is a Froude number K; K; Kj is
equation b 065 coefficient

(_) F00.43
Yo

Melville and ds=KiKai Ky KaKsb
Sutherland
(1988)
Raudkivi  and y=2.3bKo where K = f(a4) = 1 for uniform sediment,
Ettema(1983) o g=symmetrical standard deviation of the

grain size distribution
Shen et al. Yy = where Ry = pier Reynolds number
(1969) 0.000223R,*61?

2.9 Turbulence Modelling

It is a way of construction and use of a mathematical model for the estimate of effect
of Turbulence in fluid flows. Turbulence consists of high frequency fluctuations and
formation of different varieties of eddies with energy variation. It's a very complex
process in fluid that depends on various causes like dynamic structure, flow area,

approach flow velocity and others Turbulence is mainly characterized by Reynolds
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number. The high value of Reynolds number makes the flow turbulent in nature and in

most of the situation are encountered with turbulent flow.

Various turbulence modeling approaches are available, and in this analysis, the
Renormalized Group (RNG) turbulence modeling method has been employed. This
method is recognized as a straightforward and efficient technique for establishing

scaling of specific models and calculating corresponding critical exponents.

The RNG k-model, as introduced by Yakhot and Orszag (1986) and further developed
by Yakhot and Smith (1992), presents an enhanced version of the two-equation k-
model. It is particularly recommended for addressing a wide range of industrial
scenarios. This model offers improvements in capturing transitionally turbulent flows,
curvilinear flows, wall heat transfer, and mass transfer within the context of the Navier-
Stokes equation for energy dissipation rate and kinetic energy. It extends the

capabilities of the standard k-model.

The Renormalization Group (RNG) methodology is harnessed to formulate a nonlinear
algebraic Reynolds stress model for Turbulence. This involves representing Reynolds
stresses as quadratic functions of mean velocity gradients. The underlying objective of
the renormalization group analysis is to develop a comprehensive theory of large-scale
Turbulence that incorporates the impact of small-scale fluctuations by utilizing an
effective or renormalized coupling constant and viscosity. This approach offers a more

intricate comprehension of the intricate behaviors exhibited by turbulent flows.

The Yakhot-Orszag renormalization group has been specifically tailored for addressing
non-linear turbulence equations, achieved through the evaluation of second-order
Reynolds stresses within the € expansion of the Yakhot-Orszag theory. Its capacity to
converge across different turbulent models renders it suitable for investigating the

scouring process, which serves as a focal point in this research.
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CHAPTER 3
METHODOLOGY

3.1 Introduction

The methodology used to simulate and analyze the scouring process around the bridge
pier with two shapes is the main topic of this section, with two collar diameters. The
analysis will be performed based on experiments by Ismael A. et al. (2015) at
Gaziantep University's hydraulics lab to determine the depth and the scour around the
bridge pier. The study uses a 3D numerical model of sediment scours using the Flow-

3D program.
3.2 The Data Collection

Figure 3.1 shows flume in the experimental setup done by (Ismael A. et al (2015). The

experiments were carried out in the following dimensions of a rectangular flume.

Plan wiew
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Figure 3.1 the Experimental flume (Ismael A. et al., 2015).

According to the experimental findings, the Sediment in the section had a specific
gravity of 2.65 g/cm’, a median particle size of 1.45 mm, a standard deviation of 3.16,
and a median particle size of 3.16 mm. Based on Ettema's (1980) investigation, which

found that as long as the ratio of pier diameter to grain size is greater than 50, the size
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of the bed soil's particles has little effect on scouring depth. Each pier used in the study
met Ettema's requirements, having a ratio between 50 and 68 to consider the effect of

sediment size on scour depth.
3.3 Numerical Methods

Several 3D numerical methods have successfully investigated local scour in a single
circular pier after the first model done by Olsen and Melaanc (1993). However, a
surprisingly large numerical gap remains in the local scour for irregular pier
geometries. Another significant limitation is the computational time, which is
significantly longer than required to complete a local scour test in an experimental
investigation. However, as computer performance is expected to increase, more
simulators can provide valuable information and have limitless potential. Flow-3D
software, established by Flow Science Incorporation, was utilized to produce CFD

modeling in this research project.
3.4 Data Preparation for Modeling Setup

This study will investigate the local scour around bridge pier in two models of piers to
be used in the tests and will be used as reference models to compere the final results.

The shape and dimensions of the tested models are shown in Figure 3.2.

0.125m

Figure 3.2 Dimensions of models.

The numerical model incorporated various data related to flow conditions, geometry,
and sediment properties. To classify the soil material, the model utilized results from
the mechanical sieve analysis and specific gravity test conducted as part of the study.

The test results provided the following information:
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Table 3.1 Flow conditions used in Flow-3D model.

Flow Conditions Geometry: Sediment Properties

Discharge r?lg?:i Di;rlileeliter: 0.1 m Type t: Sand
};Ve‘:f; 0.125m | Pier Length: | 0.45 m Sizflfn‘;; 1.45 mm
Velocity | 0.58m/s Eifgrii 3m S('}przzlf; 2.65 glem’

3.5 Scale Effect

Ismael investigation suggests that there are no scale effects arising from sediment
characteristics, channel geometry, and flow conditions. The diameter of piers used in
the Ismail study maintains a ratio between 50 and 68 with respect to the particle size.
This choice aims to mitigate the influence of particle size on scour depth. Also, Based
on Ettema's (1980) investigation, which found that if the ratio of pier diameter to
particle size is greater than 50, the size of the bed particles has little effect on scouring
depth.

3.6 Numerical Modeling

The numerical modeling in this study employed the robust computational fluid
dynamics software known as Flow-3D, developed by Flow Science Incorporation.
This software is widely recognized and utilized in various industries, including
aerospace, automotive, and marine engineering, as well as in academia and research,
due to its ability to simulate fluid flow, heat transfer, and related phenomena. Flow-3D
utilizes a structured perpendicular grid approach using the fractional area volume
(FAVOR) method, enabling the simulation of complex geometries. To accurately
represent free surface flow, the Volume-Of-Fluid (VOF) method is employed, allowing
for precise tracking of air, fluid, or fluid adjacent to fluid boundaries (Flow Science,

2008; Hirt and Nichols, 1981). This technique records the volume of fluid within each
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cell, disregarding the surrounding air, which results in distinct interfaces between
flowing fluid and air without the need for fine meshes. The capability of Flow-3D in
modeling local scour has been demonstrated in previous research, such as the study
conducted by Brethour (2001), where the software incorporates the geometric
characteristics of obstacles within the fluid domain through fractional face area and

volume calculations.

In addition to its applications in research, Flow-3D is an ideal CFD software for use in
the design phase of projects and for improving production processes. Its features and
capabilities make it a valuable tool for simulating deposition, entrainment, bed load

transfer, suspended load transport, and other related phenomena in fluid flow analysis.
3.7 Model Set-Up

Different pier geometry was used in this numerical study to simulate the local scour
phenomenon. There are numerous steps involved in the software setup and
configuration process. Users of Flow-3D have access to a variety of physical options,
such as Sediment and scour, which call for the consideration of particular parameters.
Gravity, viscosity, Turbulence, sediment parameters, and flow configurations are
crucial parameters that must be set up to simulate Sediment scour. Gravity has been
activated and needs to be set to -9.81 m/s?. This sediment scouring model utilizes non-
cohesive theories regarding Sediment and uses models of eroding processes advection,
and deposition to estimate how the material moves. Table 3.2 shows how the sediment

scours model expects various characteristics.

Table 3.2 Values of factors used in the Flow-3D model.

Factors Value Estimate
Bed Roughness Ratio 1
Bedload Coefficient 8
Grain Size 1.45(mm)
Mass Density 2650(kg/cm3)
The Critical Packing Fraction 0.64
Critical Shields Parameter 0.05

The inlet boundary condition for the lower boundary in the Y direction (Y min) was

specified as flow discharge, while the outlet boundary at the upper boundary (Y max),

29



representing the end of the flume, was set as outflow. At the lower boundary (Z min)
the bottom set as a wall boundary condition. Conversely, at the upper boundary (Z
max) the pressure boundary condition was chosen to represent a free surface. For both
(X min and X max) wall boundary conditions were selected to represent the channel

sides, as showed in Figure 3.3. in all models used Three-dimensional mesh block with

50688 uniform cells.

Wall boundary

condition (Y max)
P
Outflow
(Y min) flow
discharge =
N
\\

\\
N Pressure
\\ boundary

simulate a
free surface

Figure 3.3 Boundary Condition.
3.8 Reliability of The Numerical Model

As shown in Figure 3.4, the models were validated to ensure the reliability of the
numerical model. Validation process involved comparing the results obtained from the
experimental and Computational Fluid Dynamics (CFD) analyses. A reference pier
model was selected for each case, including a cylinder pier, as shown in Figures 3.4.
The validation process involved a numerical simulation model in the same conditions
of the laboratory investigation conducted by Ismael A. et al. (2015). The validation
results provided valuable insights into the accuracy and validity of the numerical
model of the circular pier by comparing the results of scour depth of the circular pier
from the experimental study with the numerical model. This validation process helped
establish the reliability of the numerical model and ensure its effectiveness in

accurately representing the behavior of the studied pier configurations.
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Figure 3.4 Validation of the Circular Pier Model.

Once the reliability of the numerical model has been established, the next step involves
comparing the results obtained from Computational Fluid Dynamics (CFD). This
model will serve as a basis for comparing the results obtained after implementing a
collar countermeasure technique, specifically the use of a two collar to redirect the
downward flow and minimize the impact of the horseshoe vortices. The selection of
flow conditions, pier diameter, and sand size was influenced by the experimental study

conducted by Ismael A. et al, (2015).
3.9 Model Definition for Pier and collar

The counter-measurement attachments for bed armour are essential for improving
streamed resistance. These add-ons, which use collars or horizontal collars, are
intended to enhance the pier's setup or equipment. One of the most efficient methods
is the use of a Shape Pier with a collar, in which collars are placed in strategic contact
with the piers to direct water flow away from them. The downflow is affected directly
by the diameter and location of the collars, which lowers the depth of scouring. The
collars completely cover the pier edges and are usually in contact with the pier's face
to ensure effective protection as shown in Figures 3.5 and Figures 3.6. The collar,
which is positioned at the natural bed level, effectively reverses and stops further
scouring beyond its and the pier's depth. Although the collar's diameter significantly
lowers scouring, its size is determined by practical factors. Furthermore, the use of
plates helps to reduce the downflow on the pier's face, preventing the development of

a horseshoe vortex.
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The methodology aims to improve the pier's streamed resistance and safeguard it from
the damaging effects of scouring by incorporating these bed armor counter
measurement attachments and optimizing their design. After completing the validation
process for the two reference pier models, namely a single-cylinder pier with a

diameter of 10 cm and a nosed pier NP, the following analysis focused on three cases.

v Involved comparing the performance of a circular pier against NP.
v Involved comparing the performance of a circular pier against two models
connected by a collar, where the collar diameter was two times and three times of the

pier diameter as shown in Figure 3.5.

CFD CPC-3: Circular pler with Circular collars

CP Circular pier
CP Ciroular pier

DlAOZm

‘DIA ICm/

/ [~ GFD CPC-2: Circular pier with Circular collars

Figures 3.5 Pier connected by a collar diameter twice and three times that of the

pier diameter.

v The analysis considered a downstream-facing circular pier NP attached each
one of them connected by a collar, where the collar diameter was times and three times

of the pier diameter in each case as appeared in Figure 3.6.
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Figures 3.6 NP Attached to a collar.

The objective of these comparisons was to determine the optimal configuration for

reducing the scouring effects.

3.10 Model Cases

The study includes six models, each involving a combination of two types of piers and
two types of collars. The considered pier types are the circular pier and the nose-shaped
pier, while the collar types consist of the circular collar and the airfoil-shaped collar.
For each collar configuration, there are two collar diameters. In detail, the six cases

can be summarized as follows:

1) (CP): Numerical reference circular pier model — This model serves as the
reference and represents a simple circular pier without collars. The conditions
for this model are based on an experimental study conducted by Ismael A. et
al. etal. (2015).

2) (CPC-2): Numerical Circular pier with collars at the bed sediment two times
the pier diameter — In this model, collars are placed at the bed sediment around

the circular pier, and the collar diameter is twice the diameter of the pier.
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3)

4)

5)

6)

(CPC-3): Numerical Circular pier with collars at the bed sediment three times
the pier diameter — Similar to the (CPC-2) model, this configuration involves
collars at the bed sediment, but the collar diameter is three times the diameter
of the pier.

NP: Numerical Nosed pier model — This model represents a nosed pier shape

without collars.

(NPC-2): Numerical nosed pier model with airfoil-shaped collar two times the
nosed pier diameter — in this model, the nosed pier configuration is combined
with collars placed at the bed sediment, with the collar length being two times
the diameter of the nosed pier.

(NPC-3): Numerical nosed Pier Model with Airfoil-Shaped Collar Three
Times the Nosed Pier Diameter — Similar to the (NPC-2) model, this
configuration involves collars placed at the bed sediment around the nosed pier,

but the collar length is three times the diameter of the nosed pier.

The models will be divided to compered as following:

In the first case

. Comparison of Experimental Results with a Numerical Reference Circular Pier

Model (CP).
Comparing the results of the numerical circular pier model (CP) with the

Collars Two Times the Pier Diameter (CPC-2) model.

. Comparing the results of the numerical circular pier model (CP) with the

Collars Two Times the Pier Diameter (CPC-3) model.

In the second case

l.

Comparing the results of numerical nosed pier model NP with Circular Pier
Model (CP).

Comparing the results of numerical nosed pier model NP nosed pier model with
airfoil-shaped collar (NPC-2) model.

Comparing the results of numerical nosed pier model NP nosed pier model with

airfoil-shaped collar (NPC-3) model.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Introduction

Determining the depth of scouring surrounding bridge piers is an important part of the
initial design stage because it affects the choice of bridge pier type. As a result, the
depth of scouring is the most significant variable in the bridge pier design process. The
findings of a numerical simulation study carried out using FLOW-3D software to
investigate the scour phenomenon around two different kinds of bridge piers namely
circular pier (CP) and nosed pier (NP). To reduce scouring, a countermeasure method
known as the collar with two different diameters (2D and 3D, where D stands for the
bridge pier diameter) was used. By creating contact and support within the pier
structure, the collar acts as the primary approach to reducing scouring surrounding the
bridge pier. The results of our numerical simulations are presented throughout this
chapter, providing valuable insights into the scouring behavior around these bridge

pier types and the effectiveness of the collar as a countermeasure.

4.2 Model cases

In this study, six models in three cases were considered to investigate the reduction of

local scour depth by using collars as follows.

First case for:
1- The results of experimental model with numerical reference circular pier model
symbolize it as (CP)
2- The results of numerical circular pier model (cp) attached to collars two times
the pier diameter symbolizes it as (CPC-2).
3- The results of circular pier model (cp) attached collars three times the pier

diameter symbolize it as (CPC-3)
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The Second Case

1.  The results of numerical nosed pier model symbolize it as np attached
numerical circular pier model (CP)

2. The results of numerical nosed pier model NP nosed pier model attached
airfoil-shaped collar symbolize it as (NPC-2). two time of the pier up stream
diameter.

3. The results of numerical nosed pier model np nosed pier model attached airfoil-
shaped collar symbolize it as (NPC-3). three time of the pier up stream

diameter.
4.3 Results for First case

4.3.1 Circular Pier (CP) without collar

Results were remarkably consistent of the experimental and computational models for
the single circular pier without any collar attachments. The physical test produced
result of the maximum scour depth was 10.2 cm whereas the maximum scour depth
predicted by the numerical model for the circular pier was 10 cm as shown in Figure
4.1 Scour profile around circular pier model (CP). The local scour phenomenon around
the pier is highlighted by the color gradient on the canal bed, which shows the scour
depth levels of the bed silt. The key bar's variation in color determines how much the

scour level changes and it represents as in all models.

Development of scours circular pier
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—@— Experimental results of Circular pier Numerical results Circular pier

Figure 4.1 Development scours between (CP) and experimental model.

36



Furthermore, significant similarities were observed between the Experimental Circular
Pier and the numerical circular pier when analyzing the evolution of scour depth over
time, as depicted in Figure 4.1. The accuracy of the circular pier's model was
established through the determination of the maximum scour depth within this model,
highlighting its utility as a reference for comparison in all subsequent models. Figures
4.2 and 4.3 illustrate the scour profile and the two-dimensional velocity vectors of the
water flow field around the Circular Pier Model (CP). The flow of water generates
vortices around circular piers, leading to concentrated erosion on the pier's bed surface.
Consequently, scour holes develop on the sides of the pier that are exposed to the flow,
with the most significant scour depth occurring on the lateral sides on the upstream

face.
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Figure 4.2 Scour profile around circular pier model (CP)
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Figure 4.3 Two-dimensional velocity vectors and the water flow field around the

circular pier model
4.3.2 (CP) with (CPC-2) Results

When comparing the reference circular pier (CP) with the circular pier attached to
collar (CPC-2) a notable decrease in scour depth was seen. The maximum scour depth
estimated by the computational model for the single circular pier without any
attachments was 10.3 cm. The scour depth was decreased to 7.6 cm when the collar
with two time of bridge pier added as shown in Figure 4.4 and Figure 4.5. The
reduction percentage was about 26.3%. This outcome illustrates that the (CPC-2)

works as a preventative measure to minimize scouring around the bridge pier.
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Figure 4.4 Development scours for (CP) and (CPC-2).

Figure 4.5 shows the scour profile around the circular pier (CPC-2 and Figures 4.6
shows scour profile with two-dimensional velocity vectors and the water flow field

around the Circular Pier Model with collar (CPC-2).
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Figure 4.5 Scour profile around circular pier model (CPC-2)
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Figure 4.6 Two-dimensional velocity vectors and the water flow field around the

circular pier model with collar (CPC-2)
4.3.3 Comparison of (CP) with (CPC-3) Results

When comparing the reference circular pier (CP) to the Circular pier attached to a
collar in (CPC-3) model, an important decrease in scour depth was observed. The
computational model for the single circular pier without any attachments (CP) resulted
in a maximum scour depth of 10.3 cm. However, the model of (CPC-3) as shown in
Figure 4.7, the scour depth significantly decreased to 5.9 cm, representing a reduction

percentage of 43%.
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Figure 4.7 Development scours between (CP) and (CPC-3).

Figure 4.8 show the scour profile two-dimensional velocity vectors and the water flow
field around the Circular Pier Model (CPC-3) and Figures 4.9 show scour profile two-
dimensional velocity vectors and the water flow field around the Circular Pier Model

with collar (CPC-3)

packed sediment elevation net change contoursin(m)
151, y 00142
;‘ H m
=N | 00020
A T g [
| q E' '
E i e '
oy ¥
= 0.0224
o
©
f =y
oy
i
S 0.0346
0.0468
y
| 0.0590
0.0
0.4 channedRidth (m) 0.4

Figure 4.8 Scour profile around circular pier model (CPC-3)
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Figure 4.9 Two-dimensional velocity vectors and the water flow field around the

circular pier model with collar (CPC-3).

The mechanism of the collar utilizes its strategic positioning and geometry. The collar
effectively creates a barrier that alters water flow patterns, minimizing the scouring

effect, by surrounding the pier in three dimensions.

The (CPC-3), acts as a protection against the erosive action of flowing water, reducing
the scouring around the bridge pier by providing contact and content within the pier
structure. When comparing the (CP) with the (CPC-2) and (CPC-3) models, this result
highlights the effectiveness of the (CPC-3) model as an effective countermeasure to

enhance the stability and longevity of bridge piers against scour phenomena.
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4.4 Results for Second Case
4.4.1 Numerical Nosed Pier Model NP

The findings for numerical nosed pier model NP with the experimental study nosed
pier model will compare. Also, the results of numerical nosed pier model NP will
compare with nosed pier model attached to airfoil-shaped collar (NPC-2) model then

with nosed pier model attached to airfoil-shaped collar (NPC-3) model.
4.4.2 Comparison of NP with Experimental Nosed Pier Results

The results of the comparison between the experimental nosed pier model and
numerical nosed pier model NP showed remarkable reliability. The scour depths for
the experimental pier model without any attachments were closely in both
experimental and computational models. Calculated value of the scour depth in the
experimental test was 4.9 cm, while the CFD model predicted a maximum scour depth
0f'4.10 cm as shown in figure 4.11. The changing of scour at the canal bed effectively
highlighted the local scour phenomenon around the nosed pier, revealing the changing
levels of bed sediment. The color variation of the key bar served as a visual indicator

of scour level changes.
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Figure 4.10 Development scours between NP and Experimental Nosid Pier.

Figure 4.11 show the scour profile two-dimensional velocity vectors and the water
flow field around the nosed pier model NP and Figures 4.12 show scour profile two-

dimensional velocity vectors and the water flow field around the nosed pier model NP.
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Figure 4.11 Scour profile around nosed bridge pier model NP
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Figure 4.12 Two-dimensional velocity vectors and the water flow field around the
bridge pier model NP
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4.4.3 Comparison of NP with (NPC-2) Results

A significant reduction in scour depth was observed when comparing scours depth
around nosed bridge pier model NP with the nosed pier modal NP attached to airfoil-
shaped collar (NPC-2). Results of the maximum scour depth of the nosed pier modal
NP without any attachments was 4.81 cm. But, adding airfoil-shaped collar in (NPC-
2) model gives a significant decrease of about 3.0 cm. This reduction in scour depth to

18.4% reduction in percentage as shown in Figure 4.13.
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Figure 4.13 Development scours between (NPC-2) and Experimental Nosed Pier.

The application of the nosed pier model with airfoil-shaped collar (NPC-2). It
demonstrates its effectiveness as a scouring mitigation measure around the nosed pier
model NP. The collar redirect water flow and reduces the erosive impact of flowing
water by providing contact and content within the pier structure, resulting in improved
pier stability. Figures 4.14 and 4.15 shown the scour profile also, the velocity vectors
and the water flow field around the nosed pier model with airfoil-shaped collar CFD

(NPC-2) and
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Figure 4.14 Scour profile around the nosed bridge pier model with airfoil-shaped
collar (NPC-2)
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Figure 4.15 Two-dimensional velocity vectors around the nosed bridge pier model

with airfoil-shaped collar (NPC-2)
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4.4.4 Comparison of NP with (NPC-3) Results

A significant decrease in scour depth was detected with the nosed pier with collar
(NPC-2). The numerical nosed pier model NP produced a maximum scour depth of

4.81 cm without any attachments.

However, by adding the nosed pier with collar (NPC-2), a significant decrease of the
maximum scour depth near 2.7 cm. When the maximum scour depth in nosed pier
model was reduced to 4 cm, the percentage of reduction in scour depth equates to a

43.8 % as Illustrated in Figure 4.16.
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Figure 4.16 Development of scours between (NPC-3) and Experimental Nosed Pier
NP.

The use of the nosed pier model with the airfoil-shaped collar (NPC-3). It proves its
efficacy as a scouring mitigation method in the vicinity of the nosed pier model NP,
the collar redirects water flow and lessens the erosive influence of flowing water,
resulting in increased pier stability. Figure 4.17 and Figure 4.18 depicts the scour
profile, velocity vectors, and water flow field around the nosed pier model with airfoil-

shaped collar (NPC-3).
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Figure 4.17 Scour profile around the nosed bridge pier model with airfoil-shaped

collar (NPC-3)

Vx(m/s)
0.199 0.251 0.303 0.356 0.308 0.460 0513

0.45 -

0.30 -
z(m)

0.15

00 2

0.0 0.16 032 x(m) 048 064 080

Figure 4.18 Two-dimensional velocity vectors and the water flow field around the

nosed bridge pier model with airfoil-shaped collar (NPC-3).
4.5 Flow Field and Scour Mechanisms Around Bridge Pier
4.5.1 Flow Field Around Bridge Pier

The presence of the pier within the canal introduces a hydraulic obstruction that
significantly influences the water flow dynamics. Upstream of the pier, the flow

maintains a uniform velocity of approximately 0.58 m/s. However, as the flow
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encounters the pier, distinct changes in flow patterns become apparent in all cases,
upon reaching both sides of the pier, the velocity of the water notably increases.
signifying the accelerated flow in these regions. Notably, within the scour hole formed
downstream of the pier, the flow dynamics exhibit intriguing behavior. Illustrated by
the dark blue vectors in the opposite direction, a flow reversion phenomenon takes
place on the rear side of the pier as shown in Figures 4.19, 4.20, 4.21, 4.22. where the
flow vectors appear to be pointing inwards towards the scour hole. This flow reversion
leads to the creation of a vortex within the scour hole, initiated at the bottom of the

pier due to the downward flow.

4. 5.2 The Mechanics of the Scour Around the Circular Bridge Pier

The circular bridge pier is more exposed to local scouring phenomena due to their
symmetrical shape on the surfaces. Water flow around circular pier creates vortexes,
leading to concentrated erosion on the pier surface. As an outcome, scour holes tend
to develop on the sides of the pier facing the flow, with the scour depth occurring on
the front and the maximum scour depth occurring on lateral side on the upstream side.
The flow pattern in the surroundings of a circular bridge pier undergoes a transition to
a dynamic and intricate state as a scour hole takes shape around the pier, the
mechanism of this can be described from the figure 4. 19. As the water approaches the
circular pier, it flows smoothly around its circular shape. However, the decrease in
flow velocity from the surface of the water to the bottom creates a pressure gradient
on the upstream side of the pier as shown Figure 4.19 (Al, A2). This pressure
difference forces the water downward along the pavement face as shown in Figure
4.19 (A2) as a result of a decrease in flow speed from the surface to the bed leads to a
reduction in stagnation pressure on the pier's face, creating a downward flow gradient,
with the incoming flow, resulting in the formation of a complex vortex formatting
called horseshoe vortices as shown in Figure 4.19 (A3). As a result of the continuity
of the incoming flow horseshoe vortices extend to both sides allowing for an extension

of the scour holes around the bridge pier Figure 4.19 (A4).
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Figure 4.19 Flow field and velocity vectors around the bridge pier model (CP).
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4. 5.3 The Mechanics of Vortices Around Nosed Bridge Pier

Nosed bridge piers NP display distinct scour mechanisms when compared to circular
piers due to their unique narrowing shape. This nosed design enables smoother water
flow around the pier, which in turn reduces the formation of vortices and minimizes
scouring. As water flows downstream along the rounded nose of the NP, the pier's
configuration encourages gradual energy dissipation, resulting in less concentrated

erosion as shown in Figure 4. 20 (B1).

Generally, NP models experience lower scour depths in contrast to circular piers,
particularly on their lateral sides facing the flow. The most significant scour depth is
typically found on the sides where water forces are at their highest. In other word, the
mechanism of vortices around a nosed bridge pier is similar to that around a circular
bridge pier, but the pier's shape directly influences the dynamics. In the case of NP, the
pier's shape gradually tapers from the front face opposite the upstream flow, affecting

the velocity of water flow around it as shown in Figure 4. 20 (B2).

Because of the reduced width of the pier at the front face, the formation of vortices is
constrained in this region. As water approaches the pier, the vortices spread and extend
along the sides, increasing in intensity as the width widens towards the edges of the
pier. This process entrains sediments, leading to the development of a scour hole

around the nosed bridge pier as shown in Figure 4. 20 (B2) and (B3).

51



Vy(m/s)

y-velocity
0.805215
0.640541
0.475866
Bl 0311191
0.146517
-0.018157
-0.182832
colored by 3d velocity magnitude
B2 y\mife)
0.071 0.168 0.267 0.365 0.463 0.561 0.659
E | e
0.4
Z(m)
Wake Vortex
0.2
Horseshoe Vortex
00 -
075 095 115 1.35 155 Y(m) 1.75
colored by 3d velocity magnitude Vx(m/s)
B3 0.389 0.437 0.485 0.533 0.581 0.629 0.678

00 016 032 0.48 064 X(M) o.80

Figure 4. 20 Flow field and velocity vectors around the bridge pier model NP.

Circular piers tend to generate more balanced and uniform horseshoe vortices due to
their uniform shape. In contrast, nosed piers with tapered fronts exhibit distinct vortex
patterns influenced by the gradual increase in pier width, leading to more complex

flow dynamics and less scour depth.
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4. 5.3 The mechanics of the vortices around the bridge pier with collars

Collars are attached to bridge piers with the aim of reducing the formation of vortices
and reducing scour depth around the pier. They can be particularly effective when used
in combination with circular bridge piers and nosed piers. Two types of collars were
used in this study namely airfoil-shaped collar and circular collar. As shown in the
figure collar converts the flow patterns around the pier by controlling the flow of water
near the bed of sediments, also, it was noticed that redirecting and redistributing the
flow in a way that reduces the formation of vortices as shown in Figure 4. 21 (C1) and
(C1). By disrupting the flow patterns that typically show vortex formation, collars help

minimize the intensity and extent of these vortices.

Collars can disrupt the shedding of vortices, which in turn reduces the entrainment of
sediments and erosion. By breaking up the vortices, collars can limit their erosive
impact on the surrounding bed. also, collars divert and disperse the flow of water as it
approaches the bridge pier as shown in Figure 4. 21 (Cl) and (C1). This flow
divergence helps in dissipating the energy of the flowing water gradually. As the
energy is dissipated more evenly and less forcefully, the scouring effect on the riverbed

is reduced.

In addition, this method has strategically positioned to protect the most vulnerable
areas of the bridge pier where scour is most likely to occur. By shielding these areas
from the direct impact of the flowing water, they help minimize scour depth and protect
the pier's foundation. The collar attached to the bridge pier plays a crucial role in
reducing vortex strings and scour depth. They achieve this by controlling flow patterns,
disrupting vortex shedding, diverting and dispersing water flow, and protecting
vulnerable areas of the pier. By mitigating these scour-related factors, collars enhance

the longevity and safety of bridge structures in river environments.
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Figure 4.22 Flow field and velocity vectors around the bridge pier model (NPC-3).

When comparing the scour mechanisms between circular piers and nosed piers model
NP, some key differences emerge. Circular piers are more prone to localized scouring
due to their symmetrical shape, leading to more pronounced scour holes on their lateral
sides facing the flow. On the other hand, NP models experience less localized scouring,
with smoother water flow and reduced vortices due to their design. The effectiveness
of countermeasures such as collars can further influence the scour mechanisms for

both types of piers. Collars act as barriers, disrupting flow patterns and reducing scour
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depth around the pier. Their application can alter the scour mechanisms and enhance

the stability of bridge piers in both NP designs.

The dynamics of horseshoe vortices and their impact on scour depth around bridge
piers, whether circular or nosed, are influenced by various factors, including pier

shape, flow velocity, and turbulence.
4.6 Over All Discussion

This section provides a discussion that includes the results of all the samples examined
and presents the simulation results' overarching conclusions and their implications for

bridge pier design and scour reduction.

In the first case, compared the results of two models for circular piers attached to collar
at the bed sediment: (CPC-2) (collars two times the pier diameter) and (CPC-3) (collars
at three times the pier diameter) against the Reference Model (CP) representing as the
reference model of a circular pier without any collar. The (CP) exhibited a maximum
scour depth of 10.3 cm, serving as a baseline for comparison. when the of collar was
attached, significant reductions in scour depth were achieved. The (CPC-2) model
resulted in a maximum scour depth of 7.6 cm, representing a reduction of 26.3%
compared to the (CP). Additionally, the (CPC-3) model produced a maximum scour
depth of 5.9 cm, showcasing an even more substantial reduction of 42.7% compared
to the (CP). These findings underline collars' effectiveness in mitigating scouring
around circular piers, the oversized collars providing more significant scour depth

reduction as display in Figure 23.

The first case results demonstrate collar effectiveness in reducing scour depth around
circular piers. The circular pier model (CP) with collars two times the pier diameter
(CPC-2) and circular pier model (CP) with outperformed the collars three times the
pier diameter (CPC-3), offering the most significant reduction in scour depth. Using
collars three times the pier diameter proved to be a promising approach to enhance the

stability of circular piers and minimize scouring effects.

In the second case, when use nosed pier modal NP, nosed pier with airfoil-shaped collar
(NPC-2) and nosed pier model with airfoil-shaped collar (NPC-3) are the results of

three models. The NP model exhibited a maximum scour depth of 4.8 cm, and when
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fitted with airfoil-shaped collar (NPC-2), the scour depth reduced to 4 cm, resulting in
an 18.4% reduction compared to the NP. On the other hand, the airfoil-shaped collar
(NPC-3) model also achieved a maximum scour depth of 4 cm, showing a more

significant reduction of 43.8% compared to the NP As shown in Figure.23.

In the second case, the results emphasize the significant improvement achieved by
adding collars to the NP pier model. Both the (NPC-2) and (NPC-3) models displayed
remarkable reductions in scour depth, outperforming the NP model without collars.
The nosed pier model with airfoil-shaped collar (NPC-3) demonstrated greater efficacy
in mitigating scouring around the pier compared nosed pier model with airfoil-shaped

collar (NPC-2).
4.6.1 Comparison Between Circular Pier and Nosed Pier Model.

The comparison between the (CP) (circular pier without collar) and the NP model
highlights the superior performance of the Downstream-facing round-nosed pier in
reducing scour depth. The NP without airfoil-shaped collar achieved a 53.3% reduction
in scour depth compared to the (CP). This indicates the advantage of utilizing
Downstream-facing round-nosed piers in bridge design to enhance scour resistance

and promote long-term stability as shown in Figure.23
4.6.2 Comparison Between (CP) with (NPC-2), (NPC-3), (CPC-2), (CPC-3).

Upon implementation of airfoil-shaped collars within the (NPC-2) and (NPC-3)
models, which were attached to the nosed pier, when comparing it with results of the
scour depth observed around the circular pier (CP), significant impacts were observed
on the reduction in scour depth around the bridge pier. A significant decrease of
approximately 61.2% happened within the (NPC-2) model, while an even more
substantial extreme reduction of about 73.8% was realized within the (NPC-3) model.
These reductions, as displayed in Figure 4.23. These findings highlight the pronounced
efficacy of airfoil-shaped collars, particularly within the context of the (NPC-2) and
(NPC-3) models attached to the nosed pier, in scour depth around bridge piers. This
effect demonstrates as a notably higher reduction in scour around the bridge pier, in
comparison to the impact of a circular pier with a circular collar in the (CPC-2) and

(CPC-3) models as illustrated in Figures 4. 23 and 4. 24.
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Table 4.1 Results of maximum depth of scouring for physical and numerical models with all cases.

Depth Of Scour

Time | Discharge | Flow Depth Circular Pier Nosied Pier

(min) | mds cm Exp (CP) (CP) CP-2 CP-3 | ExpNP NP NPC-2 | NPC-3
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5.00 8.67 7.01 5.61 4.27 4.20 4.07 2.29 2.22
10.00 8.01 8.30 6.74 4.92 4.50 4.14 2.67 2.25
15.00 9.21 8.74 7.41 5.45 4.60 4.24 2.80 2.27
20.00 9.44 8.92 7.53 5.62 4.75 4.40 2.92 2.33
25.00 9.67 9.23 7.60 5.77 4.78 4.50 2.94 2.47
30.00 9.83 9.46 7.61 5.83 4.82 455 2.95 251
35.00 | 0.058 12.50 9.97 9.61 7.59 5.81 4.87 4.65 2.95 2.56
40.00 9.94 9.75 7.60 5.83 4.89 4.74 2.96 2.61
45.00 10.05 9.98 7.60 5.87 4.90 4.78 2.96 2.64
50.00 10.08 10.30 7.60 5.89 4.90 4.79 2.96 2.67
55.00 10.15 10.30 7.60 5.90 4.90 4.80 2.96 2.68
60.00 10.20 10.30 7.60 5.90 4.90 4.81 3.00 2.66
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion:

In this study, we investigated of flow and scour phenomena around two types of bridge
piers: circular CP piers and nosed piers NP. The main focus was on evaluating the
effectiveness of collar attachments in mitigating scouring effects and enhancing the
stability of bridge piers. Through advanced numerical simulations using Flow-3D
software, we gained valuable insights into the hydraulic forces and scour patterns
around these pier models. The dynamics of horseshoe vortices and their impact on
scour depth around bridge piers, whether circular or nosed, are influenced by various

factors, including pier shape flow velocity, and turbulence.
5.1.2 First Case

The results from the first case demonstrated that the incorporation of collars
significantly reduced scour depth around circular piers. Both the (CPC-2) and (CPC-
3) models exhibited superior performance in comparison to the Reference Model CP
without any collars. Notably, the (CPC-2) model, with collars at 3 times the pier
diameter, yielded the most substantial scour depth reduction of 42.7%. These findings
indicate that larger collars offer better protection and could be preferred in practical

bridge design applications.
5.1.3 Second Case

In the second case, analyzed nosed piers model with and without airfoil-shaped collar
attachments. the (NPC-2) and (NPC-3) model demonstrated remarkable reductions in
scour depth, outperforming the nosed pier mode NP without collar. The results
indicated that the use of collars, especially in (NPC-3) model, proved to be highly
effective in minimizing scouring nosed piers model NP. This emphasizes the
significance of incorporating collar countermeasures in bridge pier design, especially

when dealing with Downstream-facing round-nosed piers. A noticeable decrease of the
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(NPC-2) models, while an even more notable and substantial was achieved within the

(NPC-3) model.
5.1.4 Overall Conclusion

Overall, this study highlights the importance of considering scouring effects during the
design stage of bridge piers. Collar attachments prove to be an efficient and practical
countermeasure in reducing scour depth and enhancing the stability of bridge
foundations. A marked decrease of approximately 61.2% occurred within the (NPC-2)
model, while an even more notable and substantial reduction of about 73.8% was

achieved within the (NPC-3) model.

e These findings notably underscore the pronounced efficacy of airfoil-shaped
collars, especially in the context of the (NPC-2) and (NPC-3) models affixed
to the nosed pier, in mitigating the scour challenges surrounding bridge piers.

e This effectiveness becomes apparent as it results in a noticeably reduction in
scour surrounding the bridge pier, compared to the impact of employing a
circular pier with a circular collar as in the (CPC-2) and (CPC-3) models.

e The dynamics of horseshoe vortices and their impact on scour depth around
bridge piers, whether circular or nosed, are influenced by various factors,
including pier shape, flow velocity, and turbulence.

e Circular piers tend to generate more symmetrical and uniform horseshoe
vortices due to their uniform shape. In contrast, nosed piers with tapered fronts
exhibit distinct vortex patterns influenced by the gradual increase in pier width,

leading to more complex flow dynamics and less scour depth.
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5.2 Recommendations for Further research

Further research and experimentation should be conducted to explore the long-term
performance and durability of collars under various flow conditions and sediment
types. Additionally, investigating the potential impact of collars on the local ecology

and riverbed dynamics could offer valuable insights.

To validate the effectiveness of collar countermeasures, it is recommended to carry out
field tests on bridge piers in real-world cases. Field validation will provide practical

data to supplement and validate the findings of numerical simulations.

To mitigate the adverse effects of scouring, such as erosion and structural instability,
engineers have to take benefit from developing solutions. These collars are particularly
effective when attached to circular bridge piers. They work by altering flow patterns,
disrupting vortex formation, and diverting and dissipating water energy. This helps
reduce vortex strings and scour depth, thereby enhancing the safety and longevity of

bridge structures.

The results of this study underscore the importance of implementing countermeasures
such as collars to mitigate scouring around bridge piers. By considering these
recommendations in future bridge design and construction projects, engineers can
improve the safety, resilience, and longevity of bridge structures, safeguarding critical

infrastructure and enhancing overall sustainability.
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