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ABSTRACT 

The investigation of scour near bridge piers has substantial importance in guaranteeing 

the secure and efficient design of the structure. The term "scouring phenomenon" pertains 

to the process of erosion and elimination of bed particles situated in close proximity to 

the bridge pier. The objective of this study is to examine the depth of local scour in the 

vicinity of six different pier forms, specifically circular, rectangular, sharp-nosed, oblong, 

joukowsky, and chamfered. The aim of this study is to ascertain the most efficient and 

economically viable design for bridge piers. The experiment encompasses a range of 

discharges and velocities, specifically ranging from 0.00104 cumecs to 0.00157 cumecs 

and from 0.22 meters per second to 0.33 meters per second, respectively. The study's 

results suggest that the presence of a horseshoe vortex contributes to the increased 

amplitude of scour at the rectangular bridge pier. In contrast, the depth of scour in the 

vicinity of the pointed nose pier is reduced due to the bifurcation of flow resulting from 

its streamlined contour. Furthermore, the model is simulated via the HEC-RAS modeling 

software. The correlation between the depths of scour measured in my experiment and 

the depth of scour predicted by three different numerical models has been established. 

The results of this study have the capacity to provide valuable insights for the decision-

making process regarding the selection of bridge pier designs. The findings indicate that 

the sharp nose pier shape exhibits superior performance in terms of both safety and 

serviceability compared to the other five pier shapes. 

Keywords: Local scour, pier shape, sediment transport, flume test, HEC-RAS 

INTRODUCTION  

Bridges over rivers are the most prominent kind of physical communication infrastructure 

in a nation (Ghasemi Asl and Heidarnejad, 2023). In contemporary society, bridges play 

a vital role as the primary infrastructure supporting a nation's transit network. To enhance 

the country's infrastructure, it is essential to construct a substantial quantity of railway 
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and road bridges over various rivers, streams, and bodies of water. Furthermore, the 

potential ramifications associated with the structural failure of the bridge might be 

significant. The main reasons attributed to bridge collapses are determined to be local 

scour (64%), channel migration (13%), and contraction scour (6%). In contrast, the 

occurrence of scouring and contraction is shown to be less prevalent, according to Chavan 

(2021). According to the findings of Bian et al (2023), a significant number of bridges, 

over 1,000, have experienced collapse in the United States during the preceding three 

decades. It has been shown that around 60% of these collapses may be attributed to the 

scour of bridge foundations, as stated by Karimi et al (2020). The study done by Rafiqui 

et al (2023) reveals that the scouring phenomenon occurring around bridge pier 

foundations is recognized as a primary cause of a notable bridge collapse in New Zealand. 

According to the findings of Wang et al (2023), a total of 155 bridges in China 

experienced a collapse, mostly attributed to two primary factors. The first factor pertains 

to issues related to the foundations, which constituted around 20% of all recorded 

collapses. The second factor is associated with floods and scour events. The collapse of 

the Mumbai-Goa Highway Bridge in India was attributed to the significant rainfall 

experienced in the region. The fundamental cause of the bridge's failure seems to be the 

elevated pressure resulting from flooding in the Savitri River and excessive rainfall in the 

Mahabaleshwar watershed area, which led to the erosion and subsequent collapse of the 

British-built bridge in Mahad (Mehta et al. 2020). 

The term "scour" refers to the process of bed sediment erosion occurring near an 

obstruction in a fluid flow environment. Breusers et al. (1977) define "scouring" as 

sediment displacement on river and stream bottoms where hydrodynamic forces of water 

flow cause displacement. According to many studies (Richardson et al. 2001; Qaderi et 

al., 2021; Rafiqui, 2023; Choi, 2021), local scour contributes to hydraulic structural 

collapse, Vijayasree et al. (2019) explored how the main horseshoe vortex affects 

scouring near a cylindrical pier and discovered that the vortex drives the scouring 

phenomenon throughout the operation. Raudkivi and Witte (1990), Singh et al. (2020), 

Rafiqui et al. (2023), Breusers et al. (2020), Richardson and Davis (2001), Xu et al. 

(2023), Shahriar et al. (2021), Tang et al. (2023), and Fleit et al. (2023) demonstrate the 

large literature on local scour at bridge piers. According to the research, flow disruptions 

create a substantial pressure field at the bridge pier, when the pressure field hits a 

threshold, the boundary layer separates, creating three-dimensional phenomena. On the 

opposite side of the pier from the upstream flow, a major vortex forms when fluid velocity 

in a channel is limited to the downward direction. Figure 1 shows a horseshoe vortex, 

referred to as such because the river flows under the bridge's piers and creates vortices 

(Richardson et al. 2001). Local scour occurs when fluid flow accelerates, causing vortices 

that restrict flow which begins near the pier and continues to the downstream. Wake 

vortices enhance lateral and vertical flow near the pier, causing scouring downstream. 

The pier's wake vortices' proportions and intensity depend on the fluid flow velocity and 

its size and shape. According to Richardson and Davis (2001), a wake vortex's strength 

decreases downstream from a pier, causing silt to accumulate near the pier. As the scour 

hole deepens, the vortices at the pier foundation weaken, establishing equilibrium.  Bed 

material outflow stops at this equilibrium. 
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The hydrodynamic forces of moving water displace silt from the fluvial bed during 

"general scouring". Local scour around bridge foundations, including piers and 

abutments, is a major factor in bridge damage and failure. Jia et al. (2018) found that local 

scour erodes bed sediment near the bridge pier, which reduces the foundation’s lateral 

capacity. Jalal et al. (2020) define "local scour" as soil erosion caused by hydraulic forces 

from water moving near an obstacle in engineering applications. The vertical decline of 

fluid motion at the pier's closest face causes localized scouring around bridge piers. The 

downward flow in this scenario creates vortices around the pier base. Local scour in 

cohesion-less soil is classified as clear-water (CWS) or live-bed (LBS). Clear-water scour 

(CWS) occurs when upstream material cannot be effectively carried by the upstream 

approach flow, preventing it from accumulating in the scour hole and it gradually 

increases until equilibrium. In Localized Bed Scour (LBS), approach flow sustains silt 

entry into the scour hole. Local Scour at Bridge Structures (LBS) shows that vortex 

velocity and intensity exceed sediment bed shear strength. The scour hole grows due to 

pressure differences. The inverse relationship between sediment intake and outflow 

drives scour depth variation in the scour hole, culminating in equilibrium stabilization. 

Clear-water scour (CWS) occurs when the incoming flow velocity (V) is equal to or 

below the critical velocity (Vc), represented as (V ≤ Vc). Alternatively, live bed scouring 

(LBS) occurs when the velocity (V) surpasses the critical velocity (Vc), symbolized as (V 

> Vc), when sediment intake matches sediment outflow from the scour hole. The LBS's 

scour depth varies, but the average depth is consistent. 

 

Figure 1: Illustration of wake and horseshoe vortices that form around a circular 

bridge pier (Richardson and Davis 2001) 

When confronted with the complexities of distinguishing between Cross-Wave Speed 

(CWS) and Longitudinal Bed Slope (LBS), the establishment of critical velocity can be 

achieved by employing equation (1) as postulated by Dou (1997) and cited in HEC-18 by 

Richardson et al (1993). 

3/1
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6/136.6 dyVc =  (1) 

The fluid flow dynamics are greatly affected by the existence of a non-circular pier that 

is buried in a sediment bed. This alteration introduces complications in accurately 

predicting the depth of scour. Hence, more empirical inquiries are necessary in order to 
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obtain a full comprehension of the inherent flow phenomena linked to a bridge pier 

exhibiting a non-circular form, including rectangular, chamfered, sharp nosed, joukowsky 

and oblong configurations (Mowla et al., 2024).  

The current work aims to make a significant contribution to the collection of diverse data 

sets. The prior study is deficient in terms of the quantity of experimental data sets 

available for the various layouts of bridge piers. Experimental studies have been 

conducted to expand the current data set with the aim of predicting scour depth and 

gaining a comprehensive knowledge of flow dynamics associated with various designs of 

bridge piers. This research paper outlines an experimental study that was carried out to 

accurately measure the depths of local scour for six different kinds of bridge piers. The 

research involves gathering data from empirical investigations that relate to the above 

factors. The newly created model is analyzed using the HEC-RAS modeling tool, together 

with the depth of scour prediction formulae proposed by CSU (1975) and Breusers et al 

(1977), represented by equations 4 and 6, respectively. The findings of this comparison 

are thereafter presented clearly in the Results and Analysis section. 

LITERATURE REVIEW 

The examination of local scour in rivers was first undertaken by Tison (1961) through 

laboratory experiments. Various bridge pier models with varying forms, such as 

aerodynamic, lens-shaped, triangular, and rectangular designs, were utilized in these tests. 

The phenomenon of local scouring in the area of bridge piers was comprehensively 

investigated by Guan et al (2022). The researchers systematically manipulated many 

elements, including the size of the grains, pier diameter, water level, and pier design, in 

order to get a more thorough understanding of this phenomenon. Abutments can modify 

sedimentation and deposition, either encouraging protective sediment layers or 

exacerbating scour depth. The hydraulic forces around abutments, particularly during 

high-flow events, contribute to the complexity of their influence on scour depth. In a study 

Zolghadr et al. (2023) aimed to assess the efficacy of using roughening features as a 

potential mitigation strategy against bridge abutment scour. The study investigated two 

vertical wall abutments of varying widths across four distinct hydraulic situations inside 

a clear-water regime. According to their research findings, the optimal configuration (P 

= t = 0.2 L and Z = >0.6–0.8 L) resulted in a reduction of the maximum scour depth by 

about 30.4% and 32.8% for the abutment with narrower and wider widths, respectively.  

The achievement of a steady scour depth state has been seen when the velocities of fluids 

decreased below the critical rate required for particle motion. At this juncture, the scour 

depth reaches its utmost magnitude. The scour depth experiences fluctuations at higher 

velocities as a result of the periodic deposition of sediment in the places of the scour hole. 

The influence of the position and shape of a single bridge pier on the equilibrium of depth 

of scour was explored by Fael et al. (2016) in their research. This investigation was 

conducted under conditions of clear water flow, namely at the threshold when sediment 

motion begins. The study investigated five unique bridge pier designs, each characterized 

by varying form proportions. Achour et al. (2022) provide a comprehensive theoretical 

framework for determining the backwater curves that develop in a triangular channel. In 
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the context of the C1-type backwater curve, a novel expedited approach is introduced, 

enabling the straightforward computation of the distance between two specified depths. 

Achour et al (2022) thoroughly investigate the impact of the configuration of a broad-

crested weir on the density of a rectangular stilling basin.   The study's findings are derived 

from meticulously performed experimental experiments conducted under different 

incident flow circumstances. A custom-designed hydraulic system was used for this 

specific application. In their study, Achour et al (2022) address the issue of determining 

the optimal value of the sill location X in order to get a fully formed hydraulic jump on 

the stilling basin, with a length Lj that is nearly equal to X. According to the study 

conducted by Escauriaza et al (2023), the authors suggest that the existence of obstacles 

disrupts the movement of fluid, leading to an increase in the bed shear stress and 

turbulence intensity in the immediate vicinity. Consequently, this enables the movement 

of silt deposited on the bed. The investigation carried out by Harasti et al (2021) focused 

on the analysis of scouring occurrences in the vicinity of bridge piers inside rivers 

experiencing flooding events. The results of the study indicated a negative correlation 

between the size of particles in river silt and the extent of local scouring. It was observed 

that an increase in particle size corresponded to a decrease in depth of scour. This 

observation implies that the scouring process is influenced by the properties of the bed 

surface, wherein the presence of fine sand bed levels leads to a notable increase in 

scouring. The study undertaken by Jueyi et al. (2010) involved the measurement of 

scouring phenomena near semi-elliptical abutments that were fitted with armored beds. 

The experiments were carried out under conditions of clear water scour (CWS). The 

research performed an analysis of the local scour phenomena near piers, followed by a 

comparison of the findings with those seen in semi-circular abutments. Based on the 

existing literature, it has been noted that an increase in flow velocity results in an elevation 

of both the scour hole and the equilibrium depth of scour in semi-elliptical and semi-

circular abutments. Li et al (2023) conducted a research to quantify the depth of scour 

around a pier in the presence of clear-water scour (CWS) using different sediment 

mixtures. The study's findings suggest that bridge pier scour arises as a result of the 

interplay between flow dynamics, structural attributes, and sediment properties. The 

phenomenon of flow-structure interaction is accountable for the generation of vortices in 

the vicinity of a pier's base, therefore exerting a significant influence on the determination 

of the equilibrium scour depth. Based on the findings of the study, a direct relationship 

has been seen between the extent of pier blockage and the equilibrium scour depth. 

Conversely, a negative association has been identified between sediment non-uniformity 

and the equilibrium scour depth. Abudallah et al (2021) conducted a research study aimed 

at investigating the scouring phenomena around bridge piers of different forms, including 

circular and elongated, and with and without pier slots. The study employed an 

experimental approach to analyze these variables. The research findings suggest that the 

use of piers equipped with slots, as opposed to piers without slots, leads to a notable 

decrease in the maximum depth of scours. The circular piers undergo a decrease of 26%, 

while the elongated piers see a drop of 16%. Al-Shukur et al (2016) performed 

calculations to ascertain the scour depth for 10 different pier configurations in their 

research study. 
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Table 1: The importance of the preceding research is in the provision of a diverse 

array of datasets pertaining to various bridge pier configurations 

Pier shape 
Research 

Work 

Q 

(m3/sec) 

V 

(m/sec) 

D50 

(mm) 

b 

(cm) 

y  

(m) 
ys/b 

Circular Al-Shukur et 

al. (2016) 

0.0109-

0.018 

0.18-

0.30 

0.71 4.5 0.12 0.866-

1.533 

Rectangular Al-Shukur et 

al. (2016) 

0.0109-

0.018 

0.18-

0.30 

0.71 4.5 0.12 0.955-

1.688 

Sharp-

nosed 

Al-Shukur et 

al. (2016) 

0.0109-

0.018 

0.18-

0.30 

0.71 4.5 0.12 0.66-

1.088 

Goswami 

(2013) 

- 0.006-

0.251 

0.10-

4.2 

3.6 - 7.5-

10.0 

Ebrahimi et al. 

(2018) 

0.0191-

0.334 

- 1.37 5.0 8.0-

13.1 

4.87-

11.0 

Oblong Al-Shukur et 

al. (2016) 

0.0109-

0.018 

0.18-

0.30 

0.71 4.5 0.12 0.911-

1.288 

Vijayasree and 

Eldho (2016) 

0.012-

0.018 

0.36 0.80 3.0 0.165 0.047 

Joukowsky Al-Shukur et 

al. (2016) 

0.0109-

0.018 

0.18-

0.30 

0.71 4.5 0.12 1.044-

1.355 

Khassaf and 

Ahmed (2021) 

0.0028-

0.0048 

0.16-

0.27 

0.4 4.5 0.03 - 

Chamfered Al-Shukur et 

al. (2016) 

0.0109-

0.018 

0.18-

0.30 

0.71 4.5 0.12 0.9111-

1.488 

Talib et al 

(2016) 

0.0109-

0.018 

0.18-

0.30 

0.71 4.5 0.12 0.9111-

1.488 

Khassaf and 

Ahmed (2021) 

0.0028-

0.0048 

0.16-

0.27 

0.4 4.5 0.03 - 

 

Based on available studies, it has been observed that the depth of scour surrounding the 

rectangular configuration of the pier is greater. Conversely, the streamlined pier has the 

opposite impact. The streamlined pier is frequently considered to be one of the most 

efficient pier configurations among the 10 regularly utilized varieties, mostly due to its 

lower vulnerability to scouring. The experimental investigation conducted by Okina et al. 

(2023) examined the effects of scouring on several pier geometries, such as diamond, 

circular, and elliptical shapes. The use of an elliptical-shaped pier, in contrast to a 

diamond-shaped pier, led to a decrease of around 15% in the magnitude of local scour. In 

the same manner, the use of an elliptical-shaped pier, as opposed to a pier with a circular 

form, resulted in a reduction of roughly 10% in the occurrence of local scour. In their 

empirical study, Helmy et al. (2017) performed an examination to analyze the incidence 

of local scour in the vicinity of piers of different forms, such as lenticular (curve), 

lenticular,  hexagonal and elliptical. The trials were carried out in hydraulic channels with 

curved geometries, where the rate of flow (q) and inclined angle of the piers were 

manipulated to replicate conditions resembling clear water scour (CWS). The efficacy of 
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the lenticular (curved) configuration of the pier has been demonstrated to surpass that of 

the elliptical and hexagonal configurations in terms of providing protection. This 

phenomenon can be linked to the pier's capacity to reduce the formation of horseshoe 

vortices in its vicinity. Based on available studies, it has been observed that the utilization 

of non-traditional pier designs has exhibited enhanced performance when compared to 

conventional geometric shapes. Adib et al (2020) conducted a research to evaluate the 

local scour depth along piers using sharp nose and round nose designs for the El Minia 

and Aswan bridges in Egypt. The assessment was conducted with mathematical models 

inside both one-dimensional (1D) and two-dimensional (2D) frameworks. Based on 

extant scholarly investigations, there exists a proposition positing that bridge piers 

characterized by a pointed nose configuration demonstrate a diminished extent of scour 

depth. Therefore, it is recommended to employ a design approach for piers that 

incorporates consistent cross-sectional profiles and minimum dimensions as a means to 

alleviate the impact of local scour depth. Bor and Guney (2022) conducted a 

comprehensive study that included a combination of experimental and computational 

techniques to ascertain the local scour depth surrounding bridge piers with square 

geometries. Based on the claim, it is seen that a scour depth above 90% of the maximum 

value is observed in close proximity to the onset of peak flow times. The majority of 

studies investigating scour depth have employed physical models of bridge piers (Chiew, 

1984; Lança et al., 2013; Tafarojnoruz et al., 2010; Wang et al., 2019; Omara et al., 2022; 

Bor and Guney, 2022; Ebrahimi et al., 2018; Chooplou et al., 2023). The dataset of several 

bridge pier forms, including sharp-nosed, rectangular, circular, oblong, joukowsky, and 

chamfered, is presented in Table 1. This comprehensive dataset has been acquired from 

the previous researcher. 

The following academics have studied bridge piers that are oval, chamfered, sharp-nosed, 

or joukowsky in form. 

1. Chamfered - Al-Shukur and Obeid (2016), and Khassaf and Ahmed (2021). 

2. Joukowsky - Al-Shukur and Obeid (2016)  

3. Oblong- Eldho et al, (2010), Al-Shukur and Obeid (2016), Fael et al (2016), 

Vijayasree and Eldho (2016), and Hassan et al (2022). 

4. Sharp-nosed shape - Ettema et al (2006), Al-Shukur and Obeid (2016), 

Ebrahimi et al (2018). 

5. Rectangular shape - Maza (1968), Parola et al (1996), Oliveto and Hager 

(2002), Al-Shukur and Obeid (2016), Fael et al (2016). 

6. Circular shape - Shen et al (1969), Chiew (1984), Ettema et al (2006). 

Therefore, there has been minimal research conducted on the Joukowsky, oblong, 

chamfered and sharp nose forms of bridge piers, with a restricted dataset accessible in 

prior literature (Ettema et al 2006, Al-Shukur et al 2016, Khassaf and Ahmed 2021). To 

address this gap, an experimental study was conducted to obtain a more comprehensive 

range of data on all six shapes of bridge piers. The main objective of this study is to 

examine the variation of scour depth with different shapes of pier. So it will give a clear 

idea about the effect of different shapes of pier on scour depth. Later, the experimental 

values are compared with the predicted scour depth values which are computed by HEC 

RAS modelling software. 
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METHODOLOGY 

Laboratory setup 

The trials were carried out at the Water Resources Engineering laboratory, which is 

located inside the Civil Engineering Department of the ICFAI University Tripura. The 

trials were performed inside a rectangular tilting flume that had dimensions of 6.0 m in 

length, 0.3 m in breadth, and 0.6 m in depth. The use of a tilting flume in the present 

experimental study offers several advantages. A tilting flume allows for simulating and 

controlling the water flow for systematic testing of various pier shapes under controlled 

conditions. This experimental setup provides valuable insights into the impact of pier 

shapes on scour depth across a range of conditions. In summary, the tilting flume was 

chosen for this study to facilitate controlled experimentation, allowing us to investigate 

the effects of different pier shapes on scour depth under varying flow scenarios. The flume 

had a constant slope of 0.0003 and was designed to function as an open channel, with the 

top side being open which is shown in figure 2. On both sides of the flume's walls, there 

were transparent Perspex sheets, allowing viewers to see the fluid flow near the piers. The 

sediment bad inside the flume is uniformly distributed and has been filled to a depth of 

10.0 cm in order to properly embed the pier model. The piers are installed at a distance 

of 3 m from the upstream side of the flume. Piers significantly affect scour depth mainly 

through disruptions in local flow patterns and vortex formation. Sediment transport is also 

influenced, creating areas of accumulation or erosion. Engineers often employ 

countermeasures like riprap and scour blankets to mitigate scour effects and ensure 

stability, similar to approaches used for abutments.The experimental setup includes a 

tilting flume configuration, accompanied by the installation of a vertical gate to control 

the condition of the downstream water. An orifice is attached inside the pipe along with 

a manometer. A pictorial view of the experimental set-up of the Tilting flume used in the 

study is shown in figure 3. The pressure difference readings were taken with the help of 

manometer. The equation used for the computation of discharge is given in equation 2. 

𝑄 =
𝑎1𝑎2×√2𝑔ℎ

√𝑎1
2−𝑎2

2
 (2) 

Where, 𝑎1= area of pipe and 𝑎2 = area of orifice 
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Figure 2: A diagram of the experimental setup (Rectangular tilting flume) 

 
Figure 3: Experimental set-up of the Tilting flume used in the study 

 
Figure 4: Various bridge pier types utilized in the experimental study. (Circular, 

rectangular, sharp-nosed, oblong, Joukowsky, and chamfered shapes) 
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Modeling of different pier shapes 

The present study examines the effects of various bridge pier shapes on the depth of local 

scour. Specifically, six different shapes, including circular, rectangular, sharp-nosed, 

oblong, chamfered and joukowsky are investigated. Figure 4 illustrates these shapes. The 

study compares the predicted depth of local scour with the local scour prediction 

equations proposed by CSU (1975), HEC-RAS modeling tool, and Breusers et al (1977. 

The form of bridge piers consists of high-quality waterproof wood in order to prevent any 

expansion in the size of the piers due to swelling. In order to mitigate the interference of 

flow, it is recommended that the width of the pier should not exceed 12.5 percent of the 

width of the flume, as suggested by Chiew (1984) and Shen et al. (1966). The proportions 

of the bridge pier forms, encompassing rectangular, round, sharp-nosed, joukowsky, 

oblong, and chamfered shapes, were determined to have a uniform measurement of 3.0 

cm apiece, with the circular shape having a diameter of 3.0 cm. The measurements were 

acquired with respect to the width of the flume, which was recorded as 30.0 cm. The 

aspect ratio of 4:1, as utilized by Al-Shukur and Obeid (2016), has been chosen for the 

present study due to its compatibility. 

 
Figure 5: Different form of pier namely, (a) circular, (b) rectangular, (c) sharp-

nosed, (d) oblong, (e) joukowsky, and, (f) chamfered 

Figure 5 illustrates the various diameters and shapes of six-bridge piers, namely circular, 

rectangular, sharp-nosed, oblong, joukowsky and chamfered, as seen inside the 

rectangular flume. Based on the research conducted by Tafarojnoruz et al (2010), it is 

advised that the cross section should be limited to a maximum of 10% of the flume width. 

This limitation is crucial in mitigating the wall effect phenomenon that might potentially 

lead to scouring. The width of the pier in this study conforms to the parameters outlined 

by Vijayasree and Eldho (2016), as it is kept at a ratio of 10% to the width of the flume. 

Sediment Analysis 

A physical sieve analysis test is conducted to establish the particle size which utilized 

inside the flume. The findings of the study indicate that the average particle size (d50) 

measures 0.39 mm, while the standard deviation of the bed material (β) i.e. 

 

(a) (b) (c) 

(d) (e) (f) 

Up-Stream Side Down-Stream Side Direction of flow 

30 cm 30 cm 30 cm 

30 cm 30 cm 30 cm 

Diameter – 3 cm Width – 3 cm 

Length – 12 cm 

 

Length – 12 cm 

 

Length – 12 cm 

 

Length – 12 cm 

 

Length – 12 cm 

 

Width – 3 cm 

Width – 3 cm Width – 3 cm Width – 3 cm 
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(𝛽 = (
𝑑84

𝑑16
)
0.5

) is 1.33. The incorporation of the pier's diameter is a crucial factor to take 

into account while neglecting the impact of particle size on depth of the scour. According 

to the research conducted by Nabil et al (2022), it is evident that the influence of grain 

size on scouring depth diminishes in significance when the ratio of the width of the pier 

to the grain size (b/d50) exceeds around 25. The empirical findings suggest that a pier 

diameter of 30.0mm yields a ratio of around 76.92, aligning with the suggestions given 

by Nabil et al. (2022). Following each experimental trial, the bed materials inside the 

flume is meticulously dressed and leveled with the use of a scraping tool. This measure 

is implemented with the purpose of mitigating the formation of ripples and dunes, as seen 

in figures 6(a)–(d). 

 

  
(a) (b) 

   
(c)      (d) 

Figure 6(a)–(d): Details of sediment analysis of bed materials including particle sieve 

analysis graph 

In the present study, the ratio between the width of the pier and the mean size of sediment 

(b/d50) was found to be 76.92, suggesting that the sediment may be categorized as coarse 

sand. In their study, Yang et al. (2018) established a classification system for the diameter 

of bridge piers, taking into account the features of sediment size. They particularly 

identified a threshold of b/d50 above 130 for this classification. 
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Technique for experimentation 

The tests were conducted on a steady subcritical flow, where the velocity (V) was less 

than or equal to the critical velocity (Vc) and the Froude number (Fr) was less than 1. 

These examinations were conducted under the circumstances of clear water scour (CWS), 

specifically focusing on the plain bed configuration. It was important to prevent the 

development of ripples and dunes in the upstream part of the working section. Using a 

wooden flat surface, the flume's bed is leveled. The vertical placement of bridge piers of 

various forms inside the central portion of the flume is followed by the subsequent 

leveling of the bed surface. In order to mitigate disruption and minimize the jerk impact 

on the bed sediment caused by the abrupt increase in water velocity, the pump was halted 

after an initial duration of 120 seconds. During this temporal interval, the flume is 

inundated with water through the pump's hose, while the bed sediment is afterwards 

smoothed by manual means to prevent the formation of undulations and sand hills. 

Following a brief interval, the pump recommenced operation once the flow level reached 

a state of equilibrium, with the measurement of flow depth being conducted using a point 

gauge. The experimental run is expected to last for a length of 300 minutes. According to 

Eldho et al. (2010), it has been noted that the displacement of silt near the bridge piers 

slows down significantly after a certain period of time. As stated by Setia (2008), the 

attainment of equilibrium in the scour hole surrounding a bridge pier imposes limitations 

on the extent of quantitative investigation, since it is confined to the maximum depth of 

scour achievable. The velocity of water flow through the flume is intentionally reduced 

to mitigate any disturbances in the scour hole, so facilitating the desiccation of silt. 

Following that, the depth of scour is assessed in the area of the pier. In instances involving 

pier models of varying shapes, the method of leveling the bed surface of the flume is 

reiterated in accordance with the aforementioned protocols. 

Test program 

To prevent the bridge from failing, scour depth calculations are made using a test program 

to calculate the pier's various configurations. Experimental results are compared with the 

observed depth of scour near six distinct shapes, namely circular, rectangular, sharp-

nosed, oblong, joukowsky and chamfered piers. The maximum depth of scours near each 

of the six bridge pier models is calculated using a range of discharge rates (from 0.00104 

cumecs to 0.00157 cumecs) when the ratio of actual velocity (V) and critical velocity 

(Vc) is less than one under the CWS condition, with no angle of attack i.e., ((
𝑉

𝑉𝑐
) ≤ 1) 

(Lança et al., 2013). The equation (1) proposed by Fael et al. (2016) is used to determine 

the critical velocity. Table 2 displays the testing conditions for all six bridge pier 

configurations. 

Table 2 presents the variables used in this study, where the symbol b represents the pier 

width in meters, y denotes the flow depth in meters, Q represents the water discharge in 

cubic meters per second, V represents the flow velocity in meters per second, Vc 
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represents the critical velocity of flow in meters per second, V/Vc represents the non-

dimensional velocity ratio, and Fr denotes the Froude number. 

HEC-RAS Analysis 

The HEC-RAS program is utilized to evaluate the occurrence of scour in the proximity 

of bridge piers. The subsequent model is a one-dimensional simulation that effectively 

depicts sediment transport in situations including moveable boundaries, encompassing 

both steady and turbulent flow conditions. To get further details, readers are advised to 

refer to the HEC-RAS manual 6.2. Mehta et al. (2020) developed a stable channel using 

the HEC-RAS software for the Surat region. The findings suggest that the model 

effectively forecasts the morphology and key measurements of stable channels in rivers. 

In order to effectively utilize HEC-RAS, it is important to have both geometry and flow 

data pertaining to the river. The dataset pertaining to the geometry comprises many cross-

sectional profiles situated both in the upstream and downstream regions of the bridge. 

The cross-sectional profiles are strategically positioned at regular intervals, serving as 

valuable sources of data about the roughness coefficient of both the river and flood plain. 

Conversely, the flow data includes discharge values that correspond to different return 

times. Figure 7 illustrates a sequential approach for the creation of the model in the form 

of a bar chart. 

 
Figure 7: Bar chart for the creation of the model 

 

 

Start 

Run the steady 

flow analysis   

Stop 

Put the Hydraulic 

Design data   

Open HEC-RAS 

Make the River reach 

Put Geometric data like cross section, deck 

or roadway data, pier data etc. 

Enter steady flow data and give 

boundary condition 
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Figure 8: Cross-sections of the Tilting flumes plotted in the HEC-RAS modeling tool 

In this present study a model is prepared using HEC-RAS modeling tool to estimate scour 

around bridge pier. Different pier shapes are used to see the variation on scour depth. The 

data which have used in the experimental procedure are also used to develop the model 

in HEC-RAS to establish a correlation between them. The geometric profile of model is 

shown in the figure 8 

RESULTS AND ANALYSIS 

The tests include adjusting of various hydraulic factors on six distinct bridge pier designs, 

namely circular, rectangular, sharp-nosed, oblong, joukowsky and chamfered. The 

measurement of depth of local scour is conducted at the upstream side of the bridge pier's 

tip for all six forms. 

Changes in depth of scour with flow rate 

The studies performed in Table 3 assessed the depth of scour (ys) near all piers of various 

forms, using discharge ranging from 0.00104 cumecs to 0.00157 cumecs. Percentage 

increments in depth of scour associated with the increment in discharge for different 

shapes of pier are provided in Table 3. The reference discharge of 0.00104 cumecs was 

used as a baseline, and further measurements were taken after increasing the velocity by 

about 16%, 29%, and 51%. The corresponding scour depth was then recorded. The 

experimental findings are shown in Figures 9(a)–(b). The relationship between the 

increase in discharge and the depth of local scour for various shapes of bridge piers, 

namely circular, rectangular, sharp-nosed, oblong, joukowsky and chamfered is provided 

in Table 4. On the other hand, Table 5 illustrates the variation in discharge increase as a 

percentage with regard to the depth of local scour for the same shapes of bridge piers. 

Based on the analysis of Figure 9(a), it can be seen that there is a significant augmentation 

in the depth of local scour when the discharge varies from 0.00104 cumecs to 0.00157 

cumecs. When tested separately and at a particular discharge, the rectangular shape of the 

bridge pier exhibits the greatest depth of scour. Conversely, the sharp-nosed shape of the 

bridge pier exhibits the least depth of local scour. The local scour depth of the remaining 

forms of bridge piers, in decreasing order, is as follows: round, chamfered, Joukowsky, 

and rectangular shapes. In Figure 9(a), it is seen that an increase in discharge results in a 
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corresponding rise in scour depth around all six piers of varying forms. Notably, the 

rectangular pier shape exhibits the highest recorded scouring, while the sharp-nosed pier 

shape exhibits the least recorded scouring. 

Figure 9(b) depicts the correlation between the rise in depth of scour and the rise in 

discharge percentage for all the different forms of piers. The analysis of Figure 9(b) 

reveals that, out of the six designs under investigation, the oblong configuration of the 

bridge pier exhibits the most advantageous characteristics. This can be attributable to the 

relatively smaller percentage rise in the depth of scour. On the other hand, the circular 

form of the bridge pier exhibits the least desirable attributes, as it demonstrates a higher 

percentage increase in the depth of scour. The remaining shapes, namely chamfered, 

rectangular, sharp nose, and joukowsky, display varying degrees of scour depth increase, 

with the oblong shape falling between the circular and sharp nose shapes in terms of 

decreasing order. 

Table 2: Experimental results for six different pier shapes 

Sl. 

no 

Pier nose 

shape 

Breadth 

(m) 

Water 

Depth (m) 

Discharge 

(cumecs) 

Velocity 

(m/s) 
V/Vc Fr 

1 Circular 0.03 0.151 0.00104 0.23 0.068 0.189 

2  0.03 0.155 0.00121 0.26 0.076 0.211 

3  0.03 0.159 0.00134 0.28 0.082 0.225 

4  0.03 0.164 0.00157 0.32 0.093 0.252 

5 Rectangular 0.03 0.155 0.00104 0.22 0.066 0.181 

6  0.03 0.157 0.00121 0.26 0.075 0.207 

7  0.03 0.164 0.00134 0.27 0.079 0.215 

8  0.03 0.170 0.00157 0.31 0.089 0.238 

9 Sharp-nosed 0.03 0.145 0.00104 0.24 0.071 0.200 

10  0.03 0.149 0.00121 0.27 0.080 0.224 

11  0.03 0.153 0.00134 0.29 0.086 0.238 

12  0.03 0.161 0.00157 0.33 0.095 0.259 

13 Oblong 0.03 0.148 0.00104 0.23 0.069 0.194 

14  0.03 0.151 0.00121 0.27 0.079 0.219 

15  0.03 0.157 0.00134 0.28 0.083 0.229 

16  0.03 0.163 0.00157 0.32 0.093 0.254 

17 Joukowsky 0.03 0.150 0.00104 0.23 0.068 0.191 

18  0.03 0.155 0.00121 0.26 0.076 0.211 

19  0.03 0.161 0.00134 0.28 0.081 0.221 

20  0.03 0.166 0.00157 0.32 0.092 0.247 

21 Chamfered 0.03 0.150 0.00104 0.23 0.068 0.191 

22  0.03 0.154 0.00121 0.26 0.077 0.213 

23  0.03 0.160 0.00134 0.28 0.082 0.223 

24  0.03 0.167 0.00157 0.31 0.091 0.245 
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Variation of scour depth with depth of flow, velocity of flow and Froude number 

The non-dimensional depth of scour (ys/b) is determined for piers of various forms, and 

the corresponding measurements are depicted in figures 10(a)–(c). The maximum 

discharge of 0.00157 cumecs is used to calculate the non-dimensional flow discharge 

(Q/Qmax) 

Figure 10(a) illustrates the correlation between the depth of scour (ys/b) and the stream 

discharges. The rectangular pier exhibits a greater range of depth scour variations 

compared to the sharp-nosed design when the discharge rises from 0.66 to 1.0. 

Nevertheless, it is crucial to acknowledge that the augmentation in scour depth does not 

exhibit a linear pattern throughout all six configurations. 

Table 3: An overview of the dimensionless scour depth measurements for different 

pier shapes 

Sl. 

No 

Pier nose 

shape 
Q (m3/s) V/Vc ys/b ys (m) 

1 Circular 0.00104 - 0.00157 0.068 – 0.093 1.07 – 1.53 0.032- 0.046 

2 Rectangular 0.00104 - 0.00157 0.066 – 0.089 1.27 – 1.80 0.038 – 0.054 

3 Sharp - nosed 0.00104 - 0.00157 0.066 – 0.095 0.87 – 1.07 0.026 – 0.032 

4 Oblong 0.00104 - 0.00157 0.069 – 0.093 1.03 – 1.13 0.031 – 0.034 

5 Joukowsky 0.00104 - 0.00157 0.076 – 0.092 0.030 – 0.036  

6 Chamfered 0.00104 - 0.00157 0.068 – 0.091 0.031 – 0.042  

 

 

(a) (b) 

Figure 9: Changes in (a) pier shapes and depth of scour (ys) at discharges ranging 

from 0.00104 to 0.00157 cumecs and (b) percentage increment in depth of 

scour with percentage increment in discharge 
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As shown in Figure 10(b), the non-dimensional depth of scour (ys/b) near the rectangular 

pier increases from 1.27 to 1.80 as the non-dimensional depth of flow (y/b) rises from 

5.17 to 5.67. Among the six unique pier designs studied, this is the deepest scour that was 

discovered. The sharp-nosed pier, on the other hand, has the shallowest non-dimensional 

depth of scour (ys/b) in the vicinity of any of the pier types studied. It's vital to remember 

that the depth of scour does not rise at a constant rate. The Froude Number is a 

dimensionless parameter that quantifies the ratio of inertial forces to gravitational forces. 

When the Froude Number is less than 1, the flow is classified as subcritical, indicating 

that gravity forces dominate over viscous forces. This condition of flow is sometimes 

referred to as sluggish and calm. When the value exceeds 1, indicating that viscous forces 

surpass gravity forces, the flow is referred to as a supercritical flow, which is alternatively 

described as a condition of fast and rapid flow. As the Froude's number grows, there is a 

corresponding increase in the velocity of flow, leading to an increase in the depth of scour. 

Figure 10(c) shows that for six different forms, the non-dimensional depth of scour (ys/b) 

grows as the Froude number (Fr) increases. It should be stressed, however, that this 

growth is not linear. There was an initial increase from 0.130 to 0.151 in the Froude 

number (Fr), which was mirrored by a rise in the depth of scour of the piers from 0.67 to 

1.10. Non-dimensional depth of scour is relatively constant in size. Non-dimensional 

depth of scour measurements showed an array of 0.75 to 1.53 when the Froude number 

was raised from 0.148 to 0.218, suggesting a considerable increase. 

Table 4: Changes in the increase in rate of flow with depth of local scour for 

different pier shapes 

 

Pier nose 

shape 

Flow rate increment (m3/s) 

 0.00104 0.00157 0.00134 0.00157 

 Local Scour depth (m) 

Circular 0.032 0.036 0.040 0.046 

Rectangular 0.038 0.045 0.048 0.054 

Sharp - nosed 0.026 0.028 0.029 0.032 

Oblong 0.031 0.032 0.033 0.034 

Joukowsky 0.030 0.032 0.035 0.036 

Chamfered 0.031 0.034 0.038 0.042 

 

Table 5: Changes in the augmentation of flow rate with local scour depth 

 

Pier nose shape Increment in flow rate (%) 

 0 16 29 51 

 Increment in depth of local scour (%) 

Circular 0 13 25 44 

Rectangular 0 18 26 42 

Sharp - nosed 0 8 12 23 

Oblong 0 3 6 10 

Joukowsky 0 7 17 20 
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Chamfered 0 13 25 44 

 

When the experiment is over, the bed material is efficiently flushed away thanks to the 

flow around the pier models. A point gauge positioned on the upstream face of the pier 

nose is used to measure the depth of scour in the immediate area. Each of the six different 

kinds of bridge piers will have its scouring pattern and depth of scour measured 

throughout the testing process. By referring to Figures 11(a)-(f), the maximum depth of 

scour may be calculated. Scour hole diameters vary over the length of different bridge 

pier types, as seen in Figure 10. Figure 11(a) shows how the scour hole pattern is much 

narrower on the downstream side of the rectangular bridge pier than on the upstream side. 

Figures 11(c)–(f) show that the aforementioned pattern also appears in the joukowsky, 

chamfered, sharp-nosed, and rectangular bridge pier designs. Figure 11(b) shows that the 

scour holes are dispersed in a manner that is consistent and equally spaced throughout the 

bridge pier's circular shape. 

 

(a)        (b) 
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(c) 

 

Figure 10: Variations of the non-dimensional depth of local scour (ys/b) for piers of 

six various forms with (a) the non-dimensional rate of flow (Q/Qmax), (b) the non-

dimensional flow depth (y/b), and (c) the Froude number (Fr) 

 

Comparison of the current work with CSU (1975), the scour depth prediction 

equation developed by Breusers et al. (1977), and the HEC-RAS modeling tool 

The HEC-18 equation, which was derived by the US Department of Transportation's 

Federal Highway Administration (FHWA), was established via the analysis of laboratory 

data pertaining to the cylindrical configuration of bridge piers. The proposed 

improvements include making changes to the width of the pier, adjusting the size of the 

bed material, and taking into account the many aspects that contribute to the effect of bed 

forms (Richardson et al. 2001). In order to augment the wide range of the data evaluation 

in this study, the researchers used the equilibrium depth of scour estimation equations 

developed by the University of Colorado (CSU) in 1975. The equations indicated above 

were used to assess the current findings and ascertain the anticipated equilibrium depth 

of scour for the specific experimental circumstances linked to each pier configuration. 

The present work used the CSU (1975) equation, a widely used equation for predicting 

equilibrium depth of scour, to compute the non-dimensional depth of scour based on the 

collected data. In this methodology, careful examination is conducted on each individual 

form. The aim of this study is to find the efficacy of the CSU (1975) equation, a well-

recognized equation used for predicting the depth of scour that has been thoroughly 

examined in the existing scholarly discourse. The equation denoted as (3) in the CSU 

(1975) study is presented. 

0,50

1,00

1,50

2,00

0,170 0,220 0,270

y
s/

b

Fr

Circular Rectangular

Sharp-nosed Oblong

Joukowsky Chamfered



Dalal B. & Deb S. / Larhyss Journal, 57 (2024), 209-239 

228 

 
43.0

35.0

43212 r
se F

b

y
KKKK

b

y
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The equilibrium scour depth, often represented as yse, is subject to the effects of several 

variables. The coefficient of correction K1 denotes the impact of pier morphology, 

especially the ratio between the length and breadth of the pier. In the context of a circular 

pier, it may be said that the value of K1 is equivalent to 1. The correction factor K2 is used 

to compensate the effect of attack angle of flow. In the context of a conventional approach 

flow, the value of K2 is equivalent to 1. The correction factor K3 accounts for the influence 

of bed shape on the flow. In the context of a scenario with a flatbed subjected to clear 

water scour (CWS), the value of K3 is determined to be 1. The last element, denoted as 

K4, pertains to the consideration of sediment mixes and their impact. When the sediment 

demonstrates homogeneity, the numerical value of K4 is equal to 1. The equation, first 

introduced by CSU in 1975, has gained recognition and use due to its applicability to 

various bridge pier forms in clear water scenarios. 

 43.065.035.0

12 rse FbyKy =
 

(4) 

The modification of the configuration of a bridge pier, denoted as K1, is commonly 

referred to as the shape factor, denoted as Ksh. The use of Ksh has been suggested in several 

studies as a means to achieve uniform pier shape, wherein piers keep a consistent cross-

sectional area over their whole depth. The researchers encompassed in this study are 

Tison et al (1940), Guan et al (2022), Laursen et al (1956), Fakhimjoo et al (2023), Novak 

et al (2017), Pizarro et al (2020), and Jan et al (2022). The form factor may be 

characterized as the ratio between the depth of scour recorded for a non-circular pier and 

the depth of scour estimated for a circular pier, as stated by Kassem et al. (2023). The 

formula used by Rafiqui et al. (2023) is provided in equation (5). 
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(d) (e) (f) 

Figure 11: Scouring pattern at the upstream front of (a) circular, (b) rectangular, 

(c) sharp-nosed, (d) oblong, (e) joukowsky, and (f) chamfered piers during trial 

run 

 

For non-circular piers, we have yse (non-circular) which represents the equilibrium depth 

of scour, while on circular piers, we have yse (circular), which represents the equilibrium 

depth of scour. 

In the experimental investigation conducted by Rafiqui et al. (2023), it was shown that 

the impact of the form factor is only noticeable when the flows are exposed to a zero-

degree angle of attack. The equation that Breusers et al (1977) gave is shown in equation 

(6). 

 
70.030.0

135.1 byKyse =  
(6) 

The shape factor, denoted as K1, is a variable. It is dependent on the ratio of pier length 

to width, referred to as the pier, and is influenced by the flow depth (y) and pier width 

(b). 

Table 6: detailed comparison of CSU (1975), HEC-RAS modeling tool, and 

Breusers et al. (1977) 

Sl. 

No. 

Shape of 

pier nose 
K1 (Q/Qmax) 

Non-dimensional scour depth (ys/b) 

Present 

Study 

HEC-

RAS 

CSU 

(1975) 

Breusers 

et al 

(1977) 

1 Circular 1.0 0.66 1.07 1.52 1.72 2.19 

2   0.77 1.20 1.62 1.82 2.21 

3   0.85 1.33 1.69 1.89 2.23 

4   1.00 1.53 1.80 2.00 2.25 

5 Rectangular 1.082 0.66 1.27 1.65 1.85 2.39 

6   0.77 1.50 1.76 1.96 2.40 

7   0.85 1.60 1.82 2.02 2.43 

8   1.00 1.80 1.94 2.14 2.46 
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Table 6 presents a comparative study of the current research findings and the experimental 

results obtained using the CSU (1975), the HEC-RAS modeling tool and Breusers et al 

(1977). The determination of the local scour depth is conducted for each of the six 

categories of piers, specifically round, rectangular, sharp-nosed, oblong, joukowsky, and 

chamfered. The prediction equation for scour depth, as provided by CSU (1975), HEC-

RAS modeling tool, and Breusers et al. (1977), was employed to ascertain the unique 

curves for each of the piers, as seen in figures 13(a - f). 

Figure 12 illustrates the variation between predicted and observed scour depths. 

Prediction of scour depth is accomplished using the CSU equation (1955), the HEC-RAS 

modeling tool and the Breusers et al. (1977) equation. These values are compared with 

the measured scour depth that was acquired from the experiment in tilting flume. A best-

fitted line is formed to identify the most reliable instrument for estimating the depth of 

scour. From the graph, it is easily observed that the scour depth obtained by the HEC-

RAS modeling tool is closer to the best fitted line compared to other equations. 

Figure 13(a) illustrates a consistent and upward trend in the curve, and the variations seen 

in the curve may be attributed to the experimental circumstances. Figure 13(b) exhibits a 

comparable and ascending trend in the curve, and the dissimilarity in the curve may be 

elucidated by considering the experimental circumstances, which are identical to those in 

Figure 13(a). 

 

9 Sharp-nosed 0.706 0.66 0.87 1.03 1.23 1.53 

10   0.77 0.93 1.10 1.30 1.54 

11   0.85 0.97 1.15 1.35 1.55 

12   1.00 1.07 1.22 1.42 1.58 

13 Oblong 0.764 0.66 1.03  Shape 

not 

available 

 

1.32 1.66 

14   0.77 1.07 1.40 1.67 

15   0.85 1.10 1.45 1.69 

16   1.00 1.13 1.53 1.71 

17 Joukowsky 0.882 0.66 1.00  Shape 

not 

available 

 

1.52 1.93 

18   0.77 1.07 1.61 1.95 

19   0.85 1.17 1.66 1.97 

20   1.00 1.20 1.76 1.99 

21 Chamfered 0.964 0.66 1.03   

 Shape 

not 

available 

 

1.66 2.11 

22   0.77 1.13 1.76 2.13 

23   0.85 1.27 1.82 2.15 

24   

1.00 1.40 
1.92 2.18 
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Figure 12: Comparison between observed scour depth and predicted scour depth 

To facilitate a comparison between the outcomes of this research and the depth of scour 

prediction equations proposed by Breusers et al. (1977) and CSU (1975), Figure 13(c) 

presents a dimensionless analysis of the depth of scour. By incorporating data obtained 

from all three sources, a unified equation for the depth of scour is derived. Figures 13(d)–

(f) illustrate a dimensionless examination of the outcomes obtained from the scour depth 

prediction equation proposed by CSU (1975), Breusers et al. (1977), and the current 

investigation. The figures provided enable a comparison between the equations given 

before and enable the formulation of a full depth of scour equation that incorporates all 

three datasets. 

DISCUSSION 

A thorough analysis of the conical morphology reveals that the region of maximum depth 

is situated in the downstream vicinity of the bridge piers. The soil characteristics of the 

channel beds also have an impact on the depth of the scour hole in proximity to bridge 

piers. It is essential to acknowledge that the kind of vortex that develops near bridge piers 

has an influence on the scouring phenomenon occurring in that vicinity. The scouring 

operation is influenced by several elements, such as the shape of the pier and the velocity 

of the water. 
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 (a) (b) 

 

     

 (c)   (d) 

 

     

 (e)   (f) 

Figure 13: Comparison of non-dimensional depth of scour (ys/b) with non-

dimensional rate of flow (Q/Qmax) for (a) circular, (b) rectangular, (c) sharp-nosed, 

(d) oblong, (e) joukowsky, and, (f) chamfered pier 
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Notably, scouring tends to be more pronounced on the upstream side of the pier, while 

being comparatively less significant on the downstream side. The findings indicate that 

the depth of local scour around a rectangular-shaped bridge pier is measured at 8.0 cm, 

which can be attributed to its bigger frontal exposure. In contrast, it has been observed 

that the typical scour level near a bridge pier in a sharp nose configuration measures 5.3 

cm, a phenomenon that may be related to the reduced frontal blocked area of the pier. The 

results of the study suggest that the rectangular bridge pier experiences the highest depth 

of scour at different flow velocities, while the sharp-nosed bridge pier has the lowest 

depth of scour. The present study involved a comparative analysis of the acquired results 

using the equations put out by Breusers et al (1977), CSU (1975) and HEC-RAS modeling 

tool in order to estimate scour depth. Furthermore, a comprehensive analysis was 

undertaken to examine the fundamental mechanism of scour, utilizing the dataset 

acquired in the present investigation. The research demonstrates that the curve has a 

continuous and upward direction, indicating a discernible pattern of expansion. The 

observed fluctuations in the curve can be attributed to the particular experimental 

conditions employed. The results suggest that there is a positive correlation between depth 

of scour and rate of flow, and the observed pattern in the graph is consistent with the 

formulas presented by the CSU (1975), the HEC-RAS modeling tool, and the Breusers et 

al (1977). The findings presented in this study offer substantiation for the reliability of 

the experimental methodologies implemented. The experiments conducted on all six 

bridge pier forms yielded a range of discharge and velocity values. Specifically, the 

observed range of discharge varied from 0.00104 cumecs to 0.00157 cumecs, while the 

range of velocity ranged from 0.22 m/s to 0.33 m/s. The present hydraulic circumstances 

differ from the projected depth of scour conditions suggested by CSU (1975) and Breusers 

et al (1977), perhaps accounting for the observed lower values of ys/b in comparison to 

the predictions made by CSU (1975) and Breusers et al (1977). 

CONCLUSION 

This research encompasses the conduct of tests involving various hydraulic factors. A 

series of six bridge piers, each possessing distinct forms including circular, rectangular, 

sharp-nosed, oblong, joukowsky and chamfered, were constructed for the purpose of 

evaluating scour depth and examining the resulting scour pattern. These investigations 

were conducted via meticulous experimental examinations. 

The current investigation may be briefly summarized as follows. 

It has been found that scour holes formed in non-cohesive materials have a conical shape, 

with the greatest depth occurring at the snout of the bridge piers in the upstream direction. 

The rectangular pier has shown the highest scour depth at a certain velocity, making it the 

least favorable shape in this study. Conversely, the sharp-nosed pier has shown to have 

the lowest scour depth owing to its lower frontal exposed area, making it the most 

favorable form within the scope of these trials. 
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The current investigation was a comparison of the depth of scour estimation equations 

proposed by CSU (1975) and Breusers et al (1977). A direct correlation between the depth 

of scour and the velocity of the flow was noted. Moreover, the observed trend depicted in 

the graph had a strong resemblance to the equations put forward by Breusers et al (1977) 

and CSU (1975), hence providing validation for the experimental findings. 

The HEC-RAS modeling tool is capable of accurately predicting the level of scour depth, 

making it the most appropriate instrument for computing scour depth. 

The scour hole pattern seen in circular bridge piers has a near-uniform distribution across 

the structure. 

The geometric arrangement of a pier has a crucial influence on the occurrence of scouring. 

The erosive phenomena seen in the area of the individual pier were predominantly 

influenced by the geometric attributes of the bridge pier. The geometric parameters of the 

pier shape were seen to have an impact on both the position and extent of the maximum 

depth of scour. The current investigation has yielded the observation that the scour depth 

is minimized when employing a pier with a sharp nose shape. Hence, if this outcome is 

integrated prior to the design of the bridge pier, it would effectively guarantee both the 

safety and serviceability of the bridge. 
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