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ABSTRACT

A series of recent bridge failures due to pier scour, as reported in literature, has rekindled
interest in furthering our understanding of the scour process and for developing improved
ways of protecting bridges against scour. Moreover, increased attention is being given to the
state of Bangladeshi infrastructure, a major aspect of which is the transportation network. In
part, there is concern about both the impact of a failure on the handling of traffic flow while
the failure is being remedied and on the cost of replacing the failed system component. As
such, attention is being given to the scour design of new bridges and to the inspection,
maintenance and management of existing bridge structures. The two major countermeasure
techniques employed for preventing or minimizing local scour at bridge piers are increased
scour resistance and flow alteration. In the former case, the objective is to combat the erosive
action of the scour-inducing mechanisms using hard engineering materials or physical barriers
such as rock riprap. In the latter case, the objective is to either inhibit the formation of the
scour-inducing mechanisms or to cause the scour to be shifted away from the immediate
vicinity of the pier. Other than these, there might be another measure that could result in
relatively less scouring depth around a pier due to difference in pier shapes. That is not all
pier shapes exhibit the same amount of scouring for the same flow velocity.

In this study, the effect of local scour at a bridge pier is presented for different flow
parameters. The adoption of a countermeasure is based on the concept that its existence will
sufficiently inhibit and/or deflect the local scour mechanisms so as to reduce the local scour
immediately adjacent to the pier.

The overall objective of the research is to study the temporal development of scour around a
bridge pier in an alluvial channel. More specifically, the objectives are: (i) to study the causes
of scouring around bridge piers, types of scouring and threats it imposes on bridges and
overall structures; ii) to identify pier shape that responses best in order to minimize scouring
effect; iii) to find out the relationship of scouring depth with flow velocity, discharge, depth
of flow; iv) to find out parameters on which scouring depth depends and develop a

relationship with scour depth for changes in the parameters.
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1 INTRODUCTION

1.1 Background

Scour is a natural phenomenon caused by erosive action of flowing water on the bed and
banks of alluvial channels. In other words, Scour is defined as the erosion of streambed
sediment around an obstruction in a flow field (Chang, 1988). That is, it is the local lowering
of stream bed elevation which takes place around a structure constructed in flowing water, for
example, a river. Scouring mechanism has the potential to threaten the structural integrity of
hydraulic structures and bridges. This may lead to ultimate failure when the foundation of the
structures is undermined. A series of relatively recent bridge failures due to pier scour has
rekindled interest in furthering the understanding of the pier scour process and for developing
improved ways of protecting bridges against the ravages of scour. The construction of bridges
in alluvial channels causes a contraction in the waterway at the bridge site. The contraction in
the waterway might cause significant scour at that site. Hoffmans and Verheij (1997) have
noted that local scour around bridge piers and foundations, as a result of flood flows, is
considered to be the major cause of bridge failure. Bangladesh experienced an unprecedented
flood in 1998 and the existing infrastructures underwent a great havoc leading to damage of
about 400 nos. of small and medium size culverts and bridges in the country. The 67 m long
Turag-Bhakurta Bridge with a width of 3.70 m near Dhaka, the capital city, was constructed
under the jurisdiction of Local Government and Engineering Department (LGED) of
Bangladesh in 1994. The bridge came under flood attack even before 1998 flood in the year
1995. During 1995 flood the first piers of the bridge from Dhaka-Aricha National Highway
side settled down by about 1.61 m. After recession of flood, the affected piers were
rehabilitated with additional 30 m long piers but during 1998 flood it was washed away
except the rehabilitated piers. The Meghna Bridge has 12 foundations and 15 metres of
scouring is found at pier 8, which is considered very risky. Bridge failures cost millions of
dollars each year in direct expenditure for replacement and restoration in addition to the
indirect expenditure related to the disruption of transportation facilities. The potential losses
accruable from bridge failures and the need to guard against same have prompted for better

understanding of the scour process and for better scour prediction methods and equations.



Under-prediction of pier scour depth can lead to bridge failure while over-prediction leads to
excess expenditure of resources in terms of construction costs (Ting et al. 2001).

Total scour at the bridge site is comprised of three components, namely the aggradations and
degradations, contraction scour, and the local scour. Aggradations involve the deposition of
materials eroded from other sections of a stream reach, whereas degradations involve the
lowering or scouring of the bed of a stream. This scour component is natural and has a long-
term effect on streambed elevation changes. The contraction scour results from a reduction of
the flow area at the bridge site due to the encroachment into the flood plain or the main
channel by the piers, abutments and approach embankments. Local scour involves the
removal of material from around piers, abutments, spurs, and embankments. It is caused by an
acceleration of the flow and resulting vortices induced by the flow obstructions. Local scour
occurred at bridge piers are caused by the interference of the piers with flowing water. This
interference will result in a considerable increase in the mean velocity of the flowing water in
the channel section. Scouring vortex will be developed when the fast moving flow near the
water surface (at the location of the maximum velocity in the channel section) strikes the
blunt nose of the pier and deflected towards the bed where the flow velocity is low. Portion of
the deflected surface flow will dive downwards and outwards. This will act as a vacuum
cleaner and suck the soil particles at the pier site and result in a considerable increase in the
scouring depth at this location. Local scour can occur as either ‘clear-water scour’ or ‘live-bed
scour’. In clear-water scour, bed materials are removed from the scour hole, but not
replenished by the approach flow while in live-bed scour the scour hole is continually
supplied with sediment by the approach flow and an equilibrium is attained when, over a
period of time, the average amount of sediment transport into the scour hole by the approach
flow is equal to the average amount of sediment removed from the scour hole. Under these
conditions, the local scour depth fluctuates periodically about a mean value. The interaction
between the flow around a bridge pier and the erodible sediment bed surrounding it is very
complex. In fact, the phenomenon is so involved that only very limited success has been
achieved by the attempts to model scour computationally, and physical model remains the
principal tool employed for estimating the expected depths of scour. In this paper, a physical
model was used to investigate the effect of the variables affecting the clear-water local scour

around piers.



Numerous experimental and numerical studies have been carried out by researchers in an
attempt to quantify the equilibrium depth of scour in various types of soil material.
Moreover, while a lot of work has been done to develop equations for predicting the depth of
scour, researchers have also worked extensively to understand the mechanism of scour.
Raudkivi and Ettema (1983), Ahmed and Rajaratnam (1998), Chiew and Melville (1987) and
Breusers et al. (1977), among others, are some of the researchers that have worked on pier
scour. Local scour around bridge piers was studied by Shen and Schneider (1969) while
Breusers et al. (1977) gave a “state of the art” review on local scour around circular piers.
Posey (1974) provided guidance on how bridge piers in erodible material can be protected
from under-scour by means of an inverted filter extending out a distance of 1.5 to 2.5 pier
diameters in all directions from the face of the pier. The potential losses accruable from
bridge failures and the need to guard against same have prompted for better understanding of
the scour process and for better scour prediction methods and equations. Under-prediction of
pier scour depth can lead to bridge failure while over-prediction leads to excess expenditure
of resources in terms of construction costs (Ting et al. 2001). Numerous experimental and
numerical studies have been carried out by researchers in an attempt to quantify the
equilibrium depth of scour in various types of soil material. Moreover, while a lot of work
has been done to develop equations for predicting the depth of scour researchers have also
worked extensively to understand the mechanism of scour. Raudkivi and Ettema (1983),
Ahmed and Rajaratnam (1998), Chiew and Melville (1987) and Breusers et al. (1977), among
others, are some of the researchers that have worked on pier scour. Local scour around bridge
piers was studied by Shen and Schneider (1969) while Breusers et al. (1977) gave a “state of
the art” review on local scour around circular piers. Posey (1974) provided guidance on how
bridge piers in erodible material can be protected from under-scour by means of an inverted
filter extending out a distance of 1.5 to 2.5 pier diameters in all directions from the face of the
pier. Current research areas include understanding the scour processes, temporal development
of scour, predicting scour in cohesive soils, parametric studies of local scour, and prediction
of scour depth at various types of hydraulic structures. For example, Ansari et al. (2002)
studied the influence of cohesion on scour around bridge piers. Ahmed and Rajaratnam
(1998) investigated the flow around bridge piers in their laboratory study on flow past
cylindrical piers placed on smooth, rough and mobile beds. Jia et al. (2002) reported the
findings of a numerical modelling study for simulating the time-dependent scour development
around a cylindrical pier founded on a loose bed in an open channel. Lim and Chiew (2001)

3



presented a parametric study on riprap protection and failure around a cylindrical bridge pier
with uniform bed sediments. Link and Zanke (2004) studied the time-dependent scour-hole
volume evolution at a circular pier in uniform coarse sand and developed a mathematical
correlation between the scour volume and the maximum scour depth for water depth to pier

diameter ratios between one and two.

However, just as the scour depth is important in scour studies, the time taken to reach a
particular scour depth is also very significant as scour holes take some time to form. For this
reason, it becomes necessary to understand the development of the local scour hole with time.
Also, in clear-water scour conditions, the depth of a scour hole approaches an equilibrium
condition asymptotically with time (Breusser 1977). Consequently, time is an important
factor in undertaking scour studies. The temporal development of scour has been studied by
many researchers (e.g. Melville and Chiew 1999; Yanmaz and Altinbilek 1991). Moreover,
the rate of local scour around a bridge pier is a significant factor in scheduling scour
mitigation measures and is also essential in understanding scour under time-varying flows
(Gosselin and Sheppard 1995).

1.2 Objectives

" To study the causes of scouring around bridge piers, their types and threats it imposes

on bridges and overall structures.

" To identify pier shape that responses best in order to minimize scouring effect.

L To find out the relationship of scouring depth with flow velocity, discharge, depth of
flow.

. To find out parameters on which scouring depth depends and develop a relationship

with scour depth for changes in the parameters.
1.3 Location

The study reported herein is based on experiments carried out in a experimental channel at
Islamic University of Technology. The study was confined to uniform cohesionless material

and clear-water flow conditions.



1.4 Synopsis of thesis

In this report, the background and current state of knowledge of scour, temporal development
of scour and literature related to it are covered. It also gives a description of the experimental
apparatus, models and procedures. Results and discussion of results are presented after that.
Finally, the principal conclusions drawn from the results of the study and recommendations

for future studies are presented thoroughly.



2. LITERATURE REVIEW

2.1 Introduction

A large amount of published literature is available on the local scour of cohesion less bed
sediment around a bridge pier. This chapter attempts to summarise the present state of
understanding of local scour in cohesion less soil, the temporal development of scour as well
as mitigation strategies for minimising the local scour at a bridge pier. The chapter is included
to familiarise the reader with terminologies germane to local scour at a bridge pier as well as

to facilitate the understanding of scour.
2.1.1 What is scour?

Cheremisinoff et al. (1987) defined scour as the lowering of the level of the river bed by water
erosion such that there is a tendency to expose the foundations of structures such as bridges.
Breusers et al. (1977) defined scour as a natural phenomenon caused by the flow of water in
rivers and streams. It is the consequence of the erosive action of flowing water, which
removes and erodes material from the bed and banks of streams and also from the vicinity of
bridge piers and abutments. As noted by the authors, scour can either be caused by the normal
flow or flood events. Normal flow can lower the channel bed but scouring is most assisted
during a peak flow in which the flow velocity is higher. In other words, scour can occur under
any flow condition that makes the bed mobile within the vicinity of the obstruction but the
rate of scouring is much higher with larger flow events. The amount of the reduction below
an assumed natural level (generally the level of the river bed prior to the commencement of
the scour) is termed the scour depth. A scour hole is defined as the void or depression left

behind when sediment is washed away from a stream or river bed.
2.1.2 Types of Scour

The total scour at a river crossing consists of three components that, in general, can be added
together (Richardson and Davies 1995). They include general scour, contraction scour, and
local scour. Cheremisinoff et al. (1987) on the other hand divided scour into two major types,
namely general scour and localised scour. Some other sub-divisions of scour are as shown in

Figure 2.1.



[ Total Scour ]

[ General scour | (Localised Scour J

) \

I ] I ]
[Long-term Scour] [Short—term Scour] [Contraction scour] [ Local Scour ]

_[Clear WaterScour] _[Clear WaterScour]
_[ Live bed Scour ] _[ Live bed Scour ]

Figure 2.1 Organogram showing various types of scour (Modified from Cheremisinoff et al.
1987)

General scour: This type of scour deals with the changes in river bed elevation due to
natural/human-induced causes with the effect of causing an overall lowering of the
longitudinal profile of the river channel. It occurs through a change in the river regime
resulting in general degradation of the bed level. General scour develops irrespective of the
existence of a bridge. General scour can further be divided into long-term and short-term
scour, with the two types being differentiated by the temporal development of the scour
(Cheremisinoff et al. 1987). Short-term general scour occurs in response to a single or several
closely spaced floods whereas long-term general scour develops over a significantly longer
time period, usually of the order of several years, and includes progressive degradation and

lateral bank erosion.

Localised scour: In contrast to general scour, localised scour is directly attributable to the
existence of a bridge or other riverine structures. Localised scour can further be divided into

contraction and local scour.

Contraction scour: This type of scour occurs as a result of the contraction of a channel or
waterway, either due to a natural means or human alteration of the floodplain. The effect of
such a constriction is a decrease in the flow area and an increase in the average flow velocity,
which consequently causes an increase in the erosive forces exerted on the channel bed. The

overall effect of this phenomenon is the lowering of the channel bed. A bridge with
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approaches or abutments encroaching onto the floodplain of a river is a common example of

contraction scour.

Local scour: This type of scour refers to the removal of sediment from the immediate vicinity
of bridge piers or abutments. It occurs as a result of the interference with the flow by piers or
abutments, which result in an acceleration of the flow, creating vortices that remove the
sediment material in the surroundings of the bridge piers or abutments. Scour occurring as a

result of spur dykes and other river training works is also an example of local scour.
2.2 Local Scour Mechanism

It has long been established that the basic mechanism causing local scour at piers is the down-
flow at the upstream face of the pier and formation of vortices at the base (Heidarpour et al.
2003; Muzzammil et al. 2004). The flow decelerates as it approaches the pier coming to rest
at the face of the pier. The approach flow velocity, therefore, at the stagnation point on the
upstream side of the pier is reduced to zero, which results in a pressure increase at the pier
face. The associated stagnation pressures are highest near the surface, where the deceleration
is greatest, and decrease downwards (Melville and Raudkivi 1977). In other words, as the
velocity is decreasing from the surface to the bed, the stagnation pressure on the face of the
pier also decreases accordingly i.e. a downward pressure gradient. The pressure gradient
arising from the decreased pressure forces the flow down the face of the pier, resembling that
of a vertical jet. The resulting down-flow impinges on the streambed and creates a hole in the
vicinity of the pier base. The strength of the down-flow reaches a maximum just below the
bed level. The down-flow impinging on the bed is the main scouring agent (Melville and
Raudkivi 1977).

Figure 2.3 shows the flow and scour pattern at a circular pier. As illustrated in the figure, the
strong vortex motion caused by the existence of the pier entrains bed sediments within the
vicinity of the pier base (Lauchlan and Melville 2001). The down-flow rolls up as it continues
to create a hole and, through interaction with the oncoming flow, develops into a complex
vortex system. The vortex then extends downstream along the sides of the pier. This vortex is
often referred to as horseshoe vortex because of its great similarity to a horseshoe (Breusers et
al. 1977). Thus the horseshoe vortex developed as a result of separation of flow at the
upstream face of the scour hole excavated by the down-flow. The horseshoe vortex itself is a

lee eddy similar to the eddy or ground roller downstream of a dune crest (Breusers and
8



Raudkivi 1991). The horseshow vortex is very effective at transporting the dislodged particles
away past the pier. The horseshoe vortex is as a result of scour but is not the cause of scour
(Breusers and Raudkivi 1991). As the scour depth increases, the horseshoe vortex strength
diminishes, which automatically leads to a reduction in the sediment transport rate from the
base of the pier (Lagasse et al. 2001). As shown in Figure 2.3, besides the horseshoe vortex in
the vicinity of the pier base, there are also the vertical vortices downstream of the pier referred
to as wake vortices (Dargahi 1990). The separation of the flow at the sides of the pier
produces the so-called wake vortices. These wake vortices are not stable and shed alternately
from one side of the pier and then the other. It should be noted, however, that both the
horseshoe and wake vortices erode material from the base region of the pier. The intensity of
the wake vortices is drastically reduced with distance downstream, such that sediment

deposition is common immediately downstream of the pier (Richardson and Davies 1995).

Horseshoe Vortex

Figure 2.2 Illustration of the flow and scour pattern at a circular pier (Melville &
Coleman2000)

2.3 Classification of local scour

Chabert and Engeldinger (1956) identified two main classifications of local scour at piers

based on the mode of sediment transport by the approaching stream, namely clear-water scour
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and live bed scour. These classifications depend on the ability of the flow approaching the
bridge to transport bed material (Chiew and Melville 1987). Clear-water scour is defined as
the case where the bed sediment is not moved by the approach flow, or rather where sediment
material is removed from the scour hole but not refilled by the approach flow (Melville 1984).
Similarly, Raudkivi and Ettema (1983) defined clear-water scour as occurring when the bed
material at the upstream side of the pier is not in motion. Live-bed scour, on the other hand,
occurs when there is general transportation of the bed material by the flow. Live-bed scour
occurs when the scour hole is continually replenished with sediment by the approach flow
(Dey 1999). In clear-water scour, the maximum scour depth is reached when the flow can no
longer remove particles from the scour hole (Breusers et al. 1977). In live-bed scour, an
equilibrium scour depth is reached when, over a period of time, the quantity of material
eroded from the scour hole by the flow equals the quantity of material supplied to the scour
hole from upstream (Melville 1984). The temporal development of the maximum scour depth
under clear-water and live-bed scour conditions is illustrated in Figure 2.3.

A | TR
Time-averaged equilibnum Equilibriurm scour depth

scour depth in live bed scour in clear water scour
\ :

____________ \

-;: /_/

. J TE— o TN "o i e NS . WY ... O
)

Q.

5 X

- ~

- /

S

L)

e

>< Clear waler scour

Live hed scour

Time, ¢

Figure 2.3 Clear-water and live-bed scour conditions (Raudkivi and Ettema 1983)
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2.4 Scour Parameters

Factors which affect the magnitude of the local scour depth at piers as given by Richardson
and Davies (1995), Raudkivi and Ettema (1983) and Lagasse et al. (2001) are (1) approach
flow velocity, (2) flow depth, (3) pier width, (4) gravitational acceleration, (5) pier length if
skewed to the main flow direction, (6) size and gradation of the bed material, (7) angle of
attack of the approach flow to the pier, (8) pier shape, (9) bed configuration, and (10) ice or
debris jams. According to Breusers et al. (1977) and Ansari et al. (2002) the parameters listed

above can be grouped into four major headings, viz.

. Approaching stream flow parameters: Flow intensity, flow depth, shear velocity, mean
velocity, velocity distribution and bed roughness.

. Pier parameters: Size, geometry, spacing, number and orientation of the pier with

respect to the main flow direction (i.e., angle of attack).

. Bed sediment parameters: Grain size distribution, mass density, particle shape, angle
of repose and cohesiveness of the soil.

. Fluid parameters: Mass density, acceleration due to gravity and kinematic viscosity.
2.4.1 Flow Depth

The influence of flow depth on the scour depth has been discussed by many authors (e.g.
Chabert and Engeldinger 1956; Laursen and Toch 1956; Dey 1977; Breusers et al. 1977,
Breusers and Raudkivi 1991; Hoffmans and Verheij 1997; Ettema 1980; Melville and
Coleman 2000). The presence of the pier in the channel causes a surface roller around the pier
and a horseshoe vortex at the base of the pier. Flow depth affects local scour depth when the
horseshoe vortex is affected by the formation of the surface roller (or bow wave) that forms at
the leading edge of the pier. The two rollers, (i.e., the bow wave and the horseshoe vortex)
rotate in opposite directions. In principle, as long as there is no interference between the two
rollers, the local scour depth does not depend on the flow depth but depends only on the pier
diameter. In such an instance, often called deep flow, the local scour is said to occur at narrow
piers. As the flow depth decreases, the surface roller becomes relatively more dominant and
causes the horseshoe vortex to be less capable of entraining sediment. Therefore, for
shallower flows, the local scour depth is reduced. Subsequently, in a very shallow flow, the
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local scour is dependent on the flow depth and the local scour is said to occur at a wide pier.
Melville and Chiew (1999) claimed that these trends are evident in the laboratory data of
many researchers, including Chabert and Engeldinger (1956), Laursen and Toch (1956),
Breusers et al. (1977) and Ettema (1980).

The flow shallowness, Dly,, (where D and y, are the pier diameter and flow depth
respectively) can be used to classify the influence of the flow depth in relation to the width of
the pier (Melville and Coleman 2000). Table 2.1, as adapted from Melville and Coleman,

shows a classification of local scour processes at bridge pier foundations.

Table 2.1 Classification of local scour processes at bridge pier foundations

Class Dlyo Local Scour Dependence
Narrow Dlyy < 0.7 yso D

Intermediate Width 0.7<Dlyy<5 Vs 0L (DYO)O'5

Wide D/lyo>5 Vs O Yo

In summary, observations showed that at shallow flow depths the local scour at piers
increases with flow depth, but for larger water depth (i.e., deep flow), the scour depth

becomes independent of flow depth but depends on the pier diameter.
2.4.2 Pier Size

Experiments have clearly shown that it is possible to relate the scour depth to the size of the
pier (Breusers et al. 1977). This observation can be explained physically by the fact that
scouring is due to the horseshoe vortex system whose dimension is a function of the 19
diameter of the pier. It has also been observed by Shen et al. (1969) that, the horseshoe
vortex, being one of the main scouring agents, is proportional to the pier Reynolds number
(Rp), ( Rp=uD/ v ), which in turn is a function of the pier diameter. For the same value of
mean approach flow velocity, therefore, the scour depth is proportional to the pier width. The
influence of pier size on the local scour depth is of interest when data from the laboratory are

interpreted for field use (Breusers and Raudkivi 1991). Under clear-water conditions, pier size
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influences the time taken to reach the ultimate scour depth but not its relative magnitude ys/D,
if the influence of relative depth, yo/D, and relative grain size D/d50 on the local scour depth
are excluded (Breusers and Raudkivi 1991). They also concluded that the volume of the local
scour hole formed around the upstream half of the perimeter of the pier is proportional to the
cube of the pier diameter (or the projected width of the pier). The larger the pier the larger the
scour hole volume and also the longer is the time taken for the development of the scour hole

for a given shear stress ratio.
2.4.3 Pier Shape

Bridge piers are constructed of various shapes. The most common shapes used are circular,
diamond shaped and elliptical. Figure 2.4.3 shows a schematic illustration of some pier
shapes. The effect of pier shape has been reported by many researchers (e.g. Laursen and
Toch 1956, Dey 1997, Breusers 1977, Breusers and Raudkivi 1991, Melville and Coleman
2000). The blunter the pier, the deeper the local scour has been the general conclusion. The
shape of the downstream end of the pier is concluded to be of little significance on the
maximum scour depth. The pier shape is often accounted for by using a shape factor.
Melville and Chiew (2000) cited the work of Mostafa (1994) in which shape factors for
uniform piers, that is piers having constant section throughout their depth, was proposed.
Mostafa measured the local scour depths for variety of different pier shapes all having the
same projected width (140 mm). From his results, a circular pier produced the least scour
while a rectangular pier having blunt ends produced the most scour. In practice, shape factors
are only significant if axial flow can be maintained 20 because even a small angle of attack
will eliminate any benefit from a streamlined shape (Melville and Chiew 2000). Non-uniform
piers include piers with piled foundations, caissons, slab footings and tapered piers. For piers
tapered on the upstream and downstream faces, the slope, in elevation, of the leading edge of
the pier affects the local scour depth. Downward-tapered piers induce deeper scour than does

a circular pier of the same width.
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Figure 2.4.3 Schematic illustration of pier shapes.
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3. EXPERIMENTAL SETUP AND METHODOLOGY

3.1 Introduction

In this chapter, the experimental arrangements, data acquisition system and variables
measured in the model study are described. All of the experiments were conducted in an
experimental flow channel specially built for this research at Islamic University of

Technology campus, Bangladesh.
3.2 Flow Channel

The experiment reported herein was conducted in a rectangular flume, 10 m long, 0.3 m wide
and 0.6 m deep. The channel has a working section in the form of a recess that is filled with
sediment to a uniform thickness of 0.10 m. The working section of the flume is made up of
concrete. The water supply was available from a “water house” that was connected to the
channel to facilitate continuous flow. A sluice gate made of fibre glass was provided in the
upstream to control water flow in the channel in a desired volume. During experiment, water
source was maintained to keep hydraulic head of the house constant. The flow velocity was
measured manually with the help of Continuity Equation, Q=VA (where, Q is the discharge,

V is flow velocity and A is the cross sectional area of the flow channel).
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Figure 3.2(a) Schematic illustration of the experimental setup
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Figure 3.2(b) Experimental setup

3.3 Pier Models

The pier model was fabricated from wooden logs. Three separate shapes were fabricated in
machine. One circular model pier of diameter 50 mm having a vertical scale of 600 mm
marked onto their sides were used for the study. The diagonals of the diamond shaped pier
were 50 mm and 100 mm as shown in figure 3.3. The major axis of elliptical pier was 100
mm and its minor axis was 40 mm. Both diamond and elliptical piers were marked 600 mm
on their sides to facilitate ease of taking scour depth readings. In each case, the pier was
placed on the centreline of the flume at the same longitudinal location. Figure 3.3 shows
schematic illustration of the piers with dimension. For all of the tests, the piers were
positioned at the bed level in accordance with the recommendations of earlier researches. The
pier diameter was carefully chosen so that there was negligible effect of flume width on the
depth of scour.
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Figure 3.3 Schematic diagrams of piers

In this study, the flume width to pier diameter ratios is 6.0 for diamond and circular shapes

and 7.5 for elliptical pier.
3.4 General experimental procedure and data acquisition

The pier was first installed in the flume at the desired location. Before each test, care was
taken to level the sand bed throughout the entire length of the flume and particularly in the

vicinity of the pier using a wooden screed that is of the same width as the flume. The screed
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can be dragged along the flume rails to produce a sand bed having a smooth, uniform surface.
Thereafter, any uneven bed surface was levelled using a hand-trowel. By employing the point
gauge mounted on a carriage, initial bed elevations were taken randomly to check the
levelling of the flume. The sand bed preparation was the key concern as far as the experiment
was concerned. This is because any unevenness or defect in the channel bed can cause

premature bed form development.

To start the test, the flume was slowly filled with water to the required depth. It should be
noted that extra care is required when filling the flume, especially for tests of this nature
where no sediment movement is allowed. Any deformity in the bed surface may trigger the
development of ripples or dunes and general movement of the sand if the shear stress on the
smooth bed is close to the critical shear stress. The sluice gate was then lifted up to allow flow
of water and its speed was kept at desired flow rate by continuous supply of water. The gate

was adjusted so as to maintain the correct depth of flow in the channel.

Throughout the test period, the location and magnitude of the point of maximum scour depth
was recorded, with the depth being acquired either using metre scales or the scale marked
onto the side of the pier. A precision of approximately 1 mm was maintained. The frequency
of the measurements varied throughout the test period, with the maximum scour depth
readings being taken every few minutes during the first hour or so of the test and less
frequently thereafter. It should be noted, however, that the first four hours of each test is very
important as frequent readings are required to be taken in order to properly define the early
stage of the graph of maximum scour depth versus time. The required frequency of scour

depth measurements decreases as the rate of scouring decreases.

A visual record of the important features pertaining to the temporal development of local
scour at piers was kept with the aid of photographs and sketches. This record was also

accompanied by notes.

At the completion of each test, the flow was stopped to allow the flume to slowly drain
without disturbing the scour topography. The flume bed was then allowed to dry, during
which photos of the scour topography around the pier were taken, and the final maximum

scour depth was recorded.
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However, defining the bed topography of the scour hole formed in the vicinity of the pier
required more intensive measurements. The maximum scour depth value for each test was
calculated as the difference between the mean initial bed elevation and the measured scour
depth.

The above procedures were repeated for each test run. It should be noted, however, that in
addition to carrying out the routine start-up work for each experiment as discussed above, at
the location of the scour hole from a previous test, the sand must be reworked properly so as

to remove any prior history of scour development.

For all of the tests, no definition of time to equilibrium was adopted. The idea behind this was
that tests were proposed to run until an equilibrium condition was reached. The existence of
an equilibrium condition is doubtful though as observed by other researchers (e.g. Melville
and Chew 1999). Nevertheless, tests were stopped only if a form of constraint was

encountered in the course of each test.
3.5 Theoretical Approach

The dimensional analysis technique using Buckingham n-theorem was applied to obtain
dimensionless groups from the variables governing the local scour depth in a mobile bed

resulting from constricting the flow by the bridge piers. These variables are as follows:

" The flow characteristics in the open channels represented by the average velocity, V

and the water depth, y.

L Characteristics of the flowing fluid represented by the mass density, p and the

dynamic viscosity, H.

. Geometrical characteristics of the pier which include pier length, L, pier width, b,

angle of attack, 0, and the spacing between piers, x.

L Characteristics of the bed material for the open channel represented by the particle

size, d, the local scour depth, ds, and finally the acceleration due to gravity g.

(01 (V: y’ p’ ﬂ’ L) b} 0: Xv d| dS! g) = O (35)
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4. DATA ANALYSIS

4.1 Introduction

The primary objective of this research program was to study the temporal development of

scour at a bridge pier. Assessment of the occurrence of an equilibrium scour condition, if

achieved, or of the implications of not achieving such a condition in respect of interpreting the

results obtained from a physical hydraulic model study was to be carried out. In this chapter,

the results obtained from all of the experiments are presented. Also presented are the analyses

of the results and discussions pertaining thereto. This research program consists of three tests

as described in Chapter 3. The general observations made for each tests have been

summarised in terms of the objectives of the study.

4.2 Data Collected

Table 4.2(a) Data table for Circular Pier

Pier Number | Discharge | Velocity | Water Diameter | Angle of | Local
shape of piers depth of attack scour
I/s m/s .

(1) (m/s) particle | (degree) | depth
cm
(cm) (mm) (cm)
Circular |1 10 0.34 9.7 0.42 0 7.3
Circular |1 15 0.45 11.2 0.42 0 7.9
Circular |1 20 0.51 13 0.42 0 8.4
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Table 4.2(b) Data table for Diamond Pier

Pier Number | Discharge | Velocity | Water Diameter | Angle of | Local
shape of piers depth of attack scour
I/s m/s
(1) (m/s) particle | (degree) | depth
cm
(cm) (mm) (cm)
Diamond | 1 10 0.34 9.7 0.42 0 7.9
Diamond | 1 15 0.45 11.2 0.42 0 8.6
Diamond | 1 20 0.51 13 0.42 0 9.2
Table 4.2(c) Data table for Elliptical Pier
Pier Number | Discharge | Velocity | Water Diameter | Angle of | Local
shape of piers depth of attack scour
I/s m/s .
(W5s) (mfs) particle | (degree) | depth
cm
(cm) (mm) (cm)
Elliptical | 1 10 0.34 9.7 0.42 0 7.0
Elliptical | 1 15 0.45 11.2 0.42 0 7.5
Elliptical | 1 20 0.51 13 0.42 0 7.9

4.3 Results and Discussion

To get the variables affecting the local scour depth around bridge piers the analysis is
performed. The flow depth in channel, flow velocity, and pier shape has a direct effect on
local scour depth as mentioned in literature review. Data from physical model showed that the

unit rise in flow depth resulted in local scour depth increase by almost 50%.
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Figure 4.2(a) Variation of flow depth with local scour depth (circular pier)
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Figure 4.2(c) Variation of flow depth with local scour depth (elliptical pier)

Data from the physical model showed that velocity of approach has a direct effect on local
scour depth too. The effect of the velocity of approach is considered by studying the effect of
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pier’s Reynolds number with local scour depth and pier’s Froude number with local scour
depth. Direct relation of velocity with the scour depth was also considered.
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Figure 2.2(d) Variation of Pier Froude number with local scour depth (circular pier)
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Figure 4.2(e) Variation of Pier Froude number with local scour depth (diamond pier)
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Figure 4.2(f) Variation of Pier Froude number with local scour depth (elliptical)
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Pier shape has a significant influence on the scour depth. From analysis, it is found that
elliptical shape resulted in minimum scour depth while diamond shape resulted in maximum
scour depth. It may be noted that the angles in the piers were not smoothened which could

have resulted in higher value of scour depth.
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5. CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Local scour around bridge pier located in an alluvial channel is a complex problem and only
very limited success has been made to model the local scour computationally. For that reason
physical model remains the most effective way to be employed to estimate local scour depth.
The data collected from the physical model shows that flow and pier geometry have an
appreciable effect on local scour at the bridge pier site. The selection of the pier width and
shape can help in the reduction of the local scour depth in an appreciable manner. A reduction
of about 15% in local scour depth can be obtained by using an elliptical shaped pier instead of
using a diamond shaped pier and about 10% in local scour depth can be obtained by using an
elliptical shaped pier instead of a circular shaped pier. The alignment of the bridge piers with
the flow also affects the local scours depth, which was not considered in our study. The flow
depth has an appreciable effect on the local scour and the data from physical model showed
that unit rise in flow depth resulted in local scour depth increase by almost 50%. Unit increase
in velocity resulted in 400% of local scour depth. It is necessary to involve the hydraulic
engineers in the design stage for bridges to take care of hydraulic effects of the flow on these
bridges. Many methods were proposed for estimating the local scour around piers at the
bridge site, but these methods were based mainly on the data collected from physical models

and field data is needed to be collected to verify these methods.
5.2 Recommendations

Recommendations regarding possible future work in relation to the current research project

are as follows:

o Since a river usually carries debris and sediments in excess during flood
conditions, a study of the effect of debris and sediments on scour depth should be
emphasized. It might be established that sediments from flow could settle around
bridge piers reducing scour depth. But that should not be concurred upon without

factual data and proofs.

o What is common in the literature is the description of flow mechanism causing

local scour at a plain pier. Some new techniques in designing bridge piers should be
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adopted that could reduce turbulence and resulting scouring effect. River bed around
pier foundation could be stabilized by using physical, chemical or mechanical means.
A precise research in this context should be carried on to evaluate results for adopting

counter-measures to reduce scouring effect.

o This study on local scour at a bridge pier has been confined to cohesionless
material and clear-water flow conditions. Since local scour other than under a clear-
water scour condition is possible at a bridge pier, it could be useful if a live-bed scour
condition could have been studied. Also, since a bridge pier can be located on a soil
other than cohesionless soil, studying the performance of a collar as well as the
temporal development of scour in a cohesive soil will give valuable clues to the

behaviour of a collar under this circumstance.
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