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ABSTRACT

Scour around any obstruction is the lowering of a portion
of the river bed below its natural level. This is caused due
to the large scale eddy structures or a system of vortices which
are develop near the obstructions. Though the mechanism of scour
is difficult ctoquantify but its study gives considerable -guidance.
in predicting the ma?nitude of scour around any hydraulic struc-
ture. The determination of scour depth is re~uired for the desi~
of any foundation of hydraulfcstructure for its safety.

This study was taken to predict the .scour depth for different
shapes of piers on different bed materials and flow conditions.
Four different shapes of piers were used viz., rectangular,
circular, round nose and sharp nose. Three sets of runs were
conducted for each type of pier for three different .bed.materials.
Field data of Hardinge 'bridge and 'East-West Interconne'c.tPr.--were'~'~T-
collected and analysed ..along withthe experimental-,~d~tac;andcwere•
compared with the potential predictors of scour depth.

,It'was observed that relative scour depth dt/b (wheredt is
the depth of scour from water level, b is the width of pier)
increases with the increase of Froude Number, F = v/(gy)t ~ In
addition, it was evident that scour depth is highe~ for finer
grade of bed material and vice versa. The ratio of scour depth
to approach flow depth was found to be constant at a value of

1.95.
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Empirical formulae of Inglis (1949) ffiench (1962) and
Shen-et al (1966) were used to predict the sCOur depth, using
the field and laboratory data. Scour prediction by ffiench (1962)
formulae indicated better correlation compared to other formulae

,as this envelopes most of the data.
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INTRODUCTION

1.1.0 General:

Scour is defined .asthe ...cha:ilge.in.eleyationof_the

stream resulting from the erosive action of the flowing water

over mobile bed (Fig.1.1). Scour can also occur in coastal

regions .as a result-of~-thepassage.of-waves. -It is a consequence

of sediment~cont1n~-ty...and":!c8-ege~lI~~J,y:.:...aggrav~~id':':1iy.,the .preaence

of obstmctions 'euchas conetrictedwaterway', .piers, :spurs, dikes
etc.

In earlier .days, . hydraulic. problell1S-,Yere.avoided-as

far as possible _bY_cselectingbridge. sit~s whe:r~._channele.'wEn"l;l_

etraight .•.banks were.:8table, .2anda''square~r'()SI!!1ngs--couJ.:docc:be;:;;;-,,,,,_:;:

arranged. :Generous.-.J.engths'.of_..:bridgecwere..:'pro1[~d~!i::an~~occ~a1011a,1:.'?:
over topping of 'the -approach--roadsby-flo04-waters"was:1;olerated. '_.

But as a result of a numberof factors these policies have changed.

These are, the increasing priority ,given to high standard road

alignments and gradelines requiring acceptance of more.difficul t

water crossing sites ; the increasing width, height and cost of
bridges

ilium and
and the consequent need to keep their lengths to a mini-,

public demandsfor a free flow of traffic at all times

the
t

the

.they

I
"

requiring the handling of reasonably 'predictable flood flows by

structure. Changes in'location practices have resulted :in .

encroachment of road embankmentsinto bodies of water where

too are subject to erosion. Thus, general practices in road

... ",
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engineering makeit necessary to give more o"t:"i;c ,';;:- ;' to :;,["}~GC'~.,

o~ hydraulic design, including the estitcaticu of nw;,(.:'Q\21ill hyc,!'L.

ulic parameters which determine the eecuri ty of a' iitruC'':U%'t

against scour and other actions of water.

In contrast of the scientific basis for structural

design of bridges there is no general theory available &1;
i

present whichwould enabl~._thedesigner to estimate. with

confidence;-thedeptlcof, scour' a:tbdage~pler and,abutlllsnts.

This is due to thecoDip~exnOw -pattern around theemb~ded'

structures. It can be seen that.thescourdepth dependupon

the properties' of flow, the bedlDaterial 'in the stream ~d at

channe~ crossing (grad1ng,l~ering, Par:tic~eshape and size,

i alltuviaJ., cohesive or non-cohesive)..and the-obstruction 'geometry. __!

, i Because--01''tne:campIexi ti:::Iii.-::bot'li-the:":now~pattern ,and the'. 'F=-~~'''''-'--=;_---'''='--'~-'--=' __ '''''",~_,~~ __~ --o~-~

trans.port ,function" ,it --often becomesnecessaryocetocc:under.take"JDOdel"~c

studies of 10he -structure to be constructed ~-o, ','
I ',

~; ., ,, In considering the importance of scour around bridge

piers m8.llyexperiments and model studies have been madewith

respect to specific structures. These have :ied to empirical

rel.ationships between the scour and the various flow parameters.

However,whenthese are app~ied to a partic~ar structure the' ,

I
:
i

ft

predicted depth of scour mayvary widely. The re'asons,-therefore"

are probab~ due to different experimenta~'conditions that ma;y

not be appropriate to the particular hydraullc geometryto which
they were applied •

"' .. - ..~- --~- --- .-- '- . \;~
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Knowledge of maximum depth of scour under various
conditions especially around bridge piers for different types
of bed materials of the stream, is essential for design of
the bridge foundations as well as for proper maintenance of
the bridge after its construction. The probable depth of
scour mainly determine the depth below which the foundation
of the bridge pier must be taken. This estimate of probable
scour is important from the JJointof view of the safety of a

__ ._._ . .1ltructure, as well as economic design. An under-estimation-
of the scour will 'result in failure, while its over-estimation
will increase the cost of the structures.

1.2.0 Importance of the Present Study:
A wide variety of empirical eouations have been developed

in the past to estimate the maximum scour depths around bri-dg-Ef'
piers. These equations h1iLve.limitation in their useibecause,
most of them were developed on limited data base eitb:er-smalT
or large scale.

3

~,

"

Bangladesh is a land of rivers, interlaced by the numerous
channels of the three mighty river systems of the world viz.,
the Ganges, the.Brahmaputra and the Meghna. Many structures have
been constructed across these river beds. The East-West Inter-
connector and the Hardinge Bridge are the most important among
these constructed structures from the hydraulic points of view.
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The East-West Interconnector, Link between the east

and west p01l'ergrid system of BaJlgladeehcrosses the riTer

JumnaapproxiinateJ.J'.betweenA1'ichaand Nagarbari. It consists

of eleven caissons (Fig.1.2). Theaverage depth of foundation

of these caisson is 325 ft from the highest water level, which

is considered one of the world's. deepest foundation.

TheHardinge Bridge is a railway bridge over the river

Ganges. It consists of sixteen piers. Piers of this bridge are

sunk at a depth of 160 to 180 ft below water level.

These two examp1.esshowthat enormouscost has been

invo1.vedfor 1.arge length of piers embeddedbeyondthe scour

depth. In future, there is probabllity of somemorenew structure I

across these river systems will be constructed and large sumsof

moneywll1.be involved. If scour depth is correctly predicted,

then considerab1.eamountof moneycan be saved. Therefore, it is

felt that there is need to study scour phenomenonaround bridge

piers to obtain reliab1.e data for evaluation of scour depth.

Considering the above fact, the present study has been

undertaken to predict scour-'depth for different shapes of piers

on variable bed materials and flow conditions. Field data of

HardingeBridge and East West Interconnection will also be

collected and analysed along with the experimental data and

w111be oomparedwith the potential prediotors of scour depth.
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1.3.0 Objectives of the study:

The safe and eoonomical design of bridge pier, caisson

etc. requires aocurate prediction of the maximumexpected scour

depth of the stream bed around them. Hence the knowledgeof

probable maximumdepth of scour !:undervarious conditions

particularly on different types of bed materials is essential.

With this context the present study has been planned

with the following objectives:

1. To observe the pattern and depth of scour at the

upstream and downstreamof the pier for the following conditions

(a) For different shape of piers.

(b) For different bed material sizes, and

(c) For variable discharges.

2. To comparethe scour depth data obtained in the

laboratory with those of existing field data.
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REVIBW OF LUERATURE

2.1.0 Introduetion:
Local scour around any obstruction to the flow i8 the

lowering of a portion. by erosion of the channel bed below an

assumednatural level or other appropriate datum, tending to

expose or undermine fou:.a.dationsthat would otherwise remain

buried. There are three 1JDportantaspects of scour whichmust
,

be considered whendesigning a foundation in an alluvial riverbed.

The first is progressive' degradation -of the bed caused by ch8lllges

in river regime. Typical causes of such chaages of regime are

chjimlel improvementsand construction of upstream damsaDd

reservoirs. The second, is the temporary scour associated With

the periodic rise in river stage during nood, or with the shift-

ing of the thalweg of the stream. The third, is the local scour "

beyondnatural riverbed level, caused by an obstruction placed

in.the stream. It is this last aspect of scour which is of primary
interest in this study.

Twoapproaches to the problemof local soour prediction

have been investigated., First, the experimental approach to deriv-

.1ngan analytical relationship which can be used for determining

the maximumlocal scour depth is discussed .and the factors affect-

ing the flow and scour around such an obstruction are briany

described. The design formulae proposed by manyof the investiga-

tors in this field are presented and discussed. Second, the appli-
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cation of the empirioal approach to the local scour probl.. ie

studied and discussed 111.a s1m1lar1ll8ll.Jler.

2.2.0 Mechanismof local scour:

~ obstruction like pier, caisson etc., placed trans-

Terse to the flow greatly distorts the now pattern due to the

concentration of streamlines around the obstruction. The dominant

feature of this flow which develops near the obstruction is the

large-scale eddy structure or the sYstemof vortices. These vortex

systeJll8are the basic mechanismof the developmentof local SCOl1r

and fom an integral part of "the"nOW"structure. ".Theyalso strongly

change the Telocity field around the obstructioll.~

.\

DependingOil..":thegeometry-cof. the. obstruction and the

pattern of the apPl'OIlching"nOY,-the eddy-structure'-canc-be COIll-

posed of any, all or none of the three basic systems ( 1969) namely

the horseshoe vortex system, the yake-vortex system and the trail-

ing-vortex system.

The horseshoe"' vortex is formedby the vortex fila.ments,

transverse to the nOY in the UIldisturbed Teloci ty field which.are

concentrated by the presence of blunt nosed pier or caisson etc.

In this, no vorticity is created by such obstructions. The pier

serves as a focussing or concentrating device for the vorticity

already present 111.the undisturbed etream. In fig.2.1, the ends

of the vortex filaments composingthe horseshoe TOrtex stretch
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downstreamis MOwnfor a circUJ.ar strtlcture.

Thewake-vortex BYstem(F1g.2.2) is formedby the

roll1Jlgup of the unstable shear layers generated at the surface

of the pier. This vortex system acts like a vaccumcleaner.- in

removingthe bed material.

,

, The trailing vortex, system (Fig. 2.3) occurs only whenthe

pier is.completely submerged. It is composedof one or more dis-

crete vortices attached to the -top--of-the pier and extending down-

stream.

• ••• ••

2.3.0 Classifications of Scour:

Wheneverthe rate ofsuppl;y of sediment in a certain reach

of a .channel in alluvium 1s less than it s:::transporting capaci t;y,

lIore sediment is picked up from the bed and banks resulting in

enlargement of the section. ,This enlargement of the section to-

Mathematical]y, ,it can be expressedward bed is knownas scour.'
~ , as,
r

d~
qs1 Qs2- = - •••dt

where, d~
dt = the rate of scour :in volulle p'erunit time

and

Qs1 = ,the capacity of the now 1Dtransport sediment

out of the scour hole in volumeper un!t time.

Qs2 = the rate at which sediment is supplied to the

scour hole by the undisturbed now.
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Scour can be classified as general BCOurand local SCOUT.

Genera1scour is the general lowering 0 f the bed througout the

width of channel in a cons1dera.ble length of the creachloca1

BCOur1s the local lowering of the bed in the vicinity of a

hydraulic structure,cBUch a8 piers, caissons, spurs, dikes eto.

For the quantltatiTe prediction of dpeth of soour,

three classifioations maybe .-consideredbaeed on''equatlon( 2.1),

d~
-=dt

and

qs1 - qs2

(a) lio scour, when qs1 = qs2 = 0

('il) alear water cscour,when.Qs1/ 0 aDd0;: Qs2« qs1

(c) ScourVith continuous sediment motion, when

. ;

,
I .

, .
I

I'~~ '
? I,

Onlycase-c(b) and-(c) can cause abruptchangee in bed

elevatioD near hydraulic structure like pier or caisson etc .

2.4.0 Causesof Scour:

A, lowering of the streambed in the vicinity of the

obstructionecan occur from a variety of causes. Ausetul dis-

tinction can be madeby seperating the various causes into general

categories (1) those oharacteristic of the stream itself, and

(2) those due to the modification of the flow by the bridge cross-

ing or any other structures.

The erosiTe power of flowing water on a channel boundary

is determined primarily by the local shear stress or drag exerted
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by the now on the boundar,r, and by the assooiated velooities

and turbu1ent nuctuations of veloc1.ty near the boundary. !he

relationship of local velocit:1e", to m"Qee.-eeotlo••••1 a~erage

velooities is complex and depends on depth o'f now, boundary

roughness, and channel geometry. JlIaoroturbu1ent 'flow phenomena

suoh as eddies, ,he1icoida1:O.ow, rollers and surges may also be

important 'factors infiueBcing scour. Average velocities and

depths therefore give at beet a very rough indication of erosive

power, but calculations based on more refined measures are imprao.

ticab1e. for the engineer in many cases. -Fig•. 2.4 illustrates the

relationships between velocities at different depths in a wide

stream of fairly regular .depth (Neill, 1973) •

The factors which appear to have more effect OIl modifi-

oation of the flow are-s1z1t~foobstruct1on,--shapeof obstruction

and angle of attack. These factors also have effect on the scour

phenomenon.

2~5.0 Scour Protection:

The need for scour protection can be min1m1zedby locatill,l

hydraulic structures on stable tangential reaches of channels and

by placing foundations on non-erodible materials. But, such a

solutions is not always practicable, economical, or desirable

from an alignment standpoint of a structure.

Even, the choice amongmany protective works and other

alternatives, depends on several 'factors including load-bearing
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requirements, BUb-soll conditions actual],. encountered, economics,

feasible construction methodsand schedules, inspection procedures

etc.

Having estimated the probable 10est scour levels, several

choices are open to the designer in selecting the type and elevation

of the foundation. These are

(a) Place the bott0D!of the pier footi!l.g below estimated

lowest scour levels, makingallowance for local scour caused by the

pier shaft and footing and including an approximate margin of

safety. (Fig. 2.5a).

(b) Place the bottom of the pier shaft below estimated

lowest general scour and provide pl'Oteotion against local scou.r

effects (Fig.2.5b).

(c) Support the pier shaft or footing on plles or columns

sunkwell below lowest scour levels and designed to be secured when

their upper parts are exposed by scour (Fig.2.50) or protect the

upper parts of pUes or columnsagainst erpoSllre by:bcal scour.

(d) Conl!ltructthe pier in the form of a row of pUes or

columnswithout a footing or solid shaft, sinking these well.

below estimated scour levels and designing them to be secured when

their upper parts are exposed by scour.
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(e) Protect the spread 1'ooting or plles against under-

miniDgby Ileans 01'a sheet pile skirting tied to the 1'oundations.

The skirting BlUstitsel1' be designed against scour and less 01'
support.

discussed below.

~.6.1 Size 01'pier:
Laursen,' Inglis, mench, ( 1962), Shanet al (1971) Tarapore

and larras (Acres1970) included the width 01' the pier as a

variable, in their experimentally derived relationships for

estirnating local scour. Fromthese, it is reasonably certain that

the depth ,of local scour depends on.'the width 01' the pier, the wider

the pier, the deeper the scour. It is also reasonably certain that

the depth of local scour will not continue to increase indefinitely

with pier width; a width will surely be reached at which the pier

will tend to act IIIOrel1ke an abutment than a pier. There is no

, experimental evidence to indicate the order 01'magnitudeof pier

width at which this transition maytake place.
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Thegeneral laok of agreement amongthe various investigatorl

on the etfect ot pier width on local soour indicated that the rela-

tionship between the two parameters is not yet tully understood.

All investigators do agree that the length of,the pier

does not aftect the depth ot local scour as long as the flow

direction 1s parallel to the longitudinal uis of the pier.

2.6.1..2Shapeof Pier:

In respect of the effect of various pier nose shapes, all

investigators agree that a signiflcant reduction in the depth of

local soour for a givenpler wldth can be realized by streamliniDg

.the nose of the pier, the amountof reduction varying with the

degree of streamliniDg.

Ii 2.6.1;'ApproachDepth of Flow:
! •
" ~---'-=-;::--';:".,••_o_._,'_, ,,~ursen(J!362 ) states that the depth of local scour'depends

l ~

I ,

!o;)

~.j

solely on the depth of approaeh flow, and the pier width. Shen

et al (. 1969... .) and mench (1962) derive relationships in

whieh the depth of approach flow ls an important parameter.

Tarapore(Acres 1970) states that the depth of local scour depends

upon the depth of approach flow for low depths of flow, but what

constitutes a low depth of flow 1s Rot madeclear.

Chitale(1962)Venkaiadri et a], aud Bata(Aeres 1970) fOUlldthat

the ratio of the maximumlocal scour depth to the approach flow,

1s a function of the Froude numberaud hence a funetion ot depth
of flow.
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fut unfortun2,tely, tho effect of depth of flow on local Bcour
is not yet fully understood. It might be possibJe when alar!';€'
number of field data are collected and subseouently analysed.

2.6.14 Approach Velocity of Plow:
Chabert and En~eldin~er (Rao 1974) found that the depth of

scour varies almost linearly with +'hetra~tive force for clean
water and reaches a maximum at a value of the tractive force
necessary for continuous transport. They found that the depth of
scour varied in a similar way with the mean velocity as shown in
}'ig. 2.6.

lauI-senl (1962) summerised that Joglekar, Chitale, Thomas,
Ahmed, Blench and Bradley all infer that the depth of scour is
proportional to the two-thirds power of the discharge per unit

width Which may be expressed in the following way
t

Scour depth oC fbt

where, q is the discha.rge intensity and Fb_is the appropriate
bed.factor. Since the unit discharge is the product of velocity
and depth, then for a given depth of flow the depth of scour
shouJ.dvary with velocity.

Laursen (1962) states that if there is no sedi~ent supply
to the area of the pier, then the flow velocity and the grain size
of the sediment comprisin~ the bed of the channel are important in
determining the depth of scour. However, under conditions of well
developed sediment movement, there is a constant supply of sediment
to the vicinity of the scour hale; as much material is supplied to
the hole as scourir~ can remove and hence the average river velocity
hac,Ij.ttle effect on the depth of the scon~ hole.
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2.6.1.5 Ang1eof Attack:

Laursen(1962)Chabert and Enge1dinger, and Varze11ot1B

(Acres 1970) investigated the variation in the depth of local. .

scour with the angle of attack of the approaching flow and

concluded that the depth of soour increases as the angle of

attack of the approach flow increases. The scour pattern

around piers set at different angles to the direction of flow

are indicated in fig. 2.7.which shows the effect of the angle
of floWor attack on scour depth.

2.6.1.6 TJme:

Researches conducted by.the Iowa Research Laborator,y

(Rae>1974) on lIIodelsand proto-types on sandy bed bring out that

the scour changes with tillle. The depth of flow depends on the

adjustment of bed and silt carrying capacity of the water current

at different sections. As the scour hole increases in_si£e,.1ts

rate of formation decreases, the maximumdepth of scour takes'

place before the first mass of sediment settles in the scour

depression to induce condition of equilibrium. Comingto this

condition of equilibrium though takes time, Will not last due

to the diseha.rge in the stream being ~Tarely constant for a

sufficiently long period. Scour can be clear water scour or the

scour with continuous sediment motion.. The distinction between

these two types of scour and the definition of the equilibrium

depth of scour, dse' are shownin Fig.2.8. With clear water
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scour, the equUibrium depth of scour, dse is approached

asymptotical~ whUe there are periodic oscUlation with

continuous sediment motion.

2.6.1.7 BedI'Jaterial Size:

Shan et aJ. (1969) present data which showno appreciable

difference in scour depths for sands. ranging :l'rom0.24 RImto

3.0 mmmeandiameter. Neill(1969 ) describes experiments which. .."

indicate that material -of approximatel;r1-. 5 mmgrain size was

liable to deeper scour than either coarser or finear material.

There is general agreement amongall researohers that there is

is definite~no dependence on sand size below 0.6mm.

2.7.0 Experimental~ Derived Scour Depth ForlllU1ae:

Since_the l:ocaJ. scour phenomenonis very complex__due to

the involvement of numerousvariables, it is almost impossible.

to study -the-effect of all the variables simultaneouB1y. Many

investigators in the past had studied the effect of one or

more parameters on the magnitude of scour aroUll.dhydraulic

structures. Most experimental studies have reBU1ted in :l'orulae

intending to predict the dimension of scour depth aroUll.dbridge
piers.

Inglis( 1949 ) has developed a mathematical relationship

1'romthe experiments conducted at the Central Water PowerIrri-

gation and Navigation Research Station, Poone, India in the _

- - t.
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period of 1924-1942 with the objective to determining means
of protecting the piers of the Hardinge Bridge, located on the
river Ganges at Bherama~a against scour. Geometrically similar
models of Hnrdinge Bridge piers were set into the centre of the
parallel sided channel having a bed of Ganges sand of mean dia-
meter 0.29 mm. Model scales of 1:65 and 1:210 were used. From
this experiment he obtained the equation of the following form:

where, dt = total scoured depth below water level in ft.
b = width of pier in ft.
q = discharge per unit width of the approach flow

in ft3js per ft. width.

I
\

t
~. _ .) O. 78 • • • ... (2.2)

i!,

As it was difficult to correlate this with the depth of
scour at prototype piers, due to q (intensity of discharge per
foot) depending upon the curvature of the river upstream which
varies from river to river, it was considered desirable to
study cases of actual scour in prototypes and work out a
general, empirical relationship. Data were, therefore, collected
for scour around bridge piers and a general relationship was
proposed as follows

, I
; ~I.. ,. ,: ~

t
dt = 2 [0. 473 (Q/f e)] ..•

= 2 de (Lacey)
...
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Since Lacey's regime depth, de = 0.473 ('Q/fe)-!-
where, Q is the maximum discharge in cusec; de is the maximum
depth of scour below highest flood level; fe is equal to 1.76 ,;n;o'

Blench (1962) reviewed the model results reported by Inglis.
The data of severe scour around piers were for floods from,
30,000 cfs to 2,600,000 cfs. Blench has replotted the Inglis data
along with model data of Inglis, of his own data and of workers
at the University of Alberta, and stated that the formula
presented by Inglis (1949) co~d be reduced to the form

i, 0.25
1.8 (bjy) ... • ••

where y = normal approach flow depth in ft.
Blench did not elaborate on this formula, and it was not
immediately .evident how he derived it from equation (2.2).

Chitale (1962) felt that the equation f,iven by Inglis
cannot be adopted for general application because this
relation is not dimensionally correct.
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Basio experiments Were subsequently conducted in 1941

with the objective of testing the influence of upstream

depth and sand diameter on scour around piers. The pier t~Bted

in these experiments was also 1/65 scale model of that of. the

Hardinge Bridge. It was rectangular in section, of length. 1 f't.

width 0.6 ft and semicircular cut and ease waters. The bed of

the flUllle in these experiments was laid with sand of 0.32mm

while the following materials were used just around the pier
in succession

Sive number

1

2

3

4

Typeof sand

Screened damsand

~White 'V' sand
Hala sand

Hala sand

MeansiZe, in mm

m = 0.16

m = 0.24
m = 0.68
m = 1.51

I
~~,.
,r"

The sand around the piers was laid fluSh with the

upstream bed leVel. A constant diSCharge of q = 1 cf's per f't

was run and water level was adjusted to get a partioular depth,

the depths varying :!"rom0.5 to 1.45 ft. Each experiment was

contiD.ued. until final maximumscour was obtained round the
pier.

•••
2=-0.51 + 6.657 - 5.49F

Onthe basis of the ana:l3's1eof experimental data, he

found that Froude number is a better criterion related to the

maxilllUllscour depth. The statistical equation obtained from
the data is

ds
y

1
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where, ds = depth of scour belownormal river bed in ft.

F = Froude Bumber.

Laursen (1962 ) carried out a very extensive series of

teats on models of a prototype pier. The prototype pier was

about 3.3 feet wide and the modelswere built at scales of

1:12 and 1:24. FiTe different sands were used of meansize

0.44mmto 2.25mm.Modelvelocities ranged from 1.0 fps to
, - '

2.5 fps. Thevelocity was maintained high enough to permit

general. bed movementto be fully developed at all times.

Measurementsof scour were madeat the' prototype pier during

the passage of three floods. Depthsof water in the prototype

river were of the order of 10 feet. Fig.2.9 indicates the

'degree of conformity obtained in Laursen's experiments,scour

depths in the modelbeing considered to have geometric simi-

larity to the prototype and so being merely multiplied by the

appropriate scale ratio. While the model results indicate a

greater depth of scour than measured in the prototype, the two

resul ts approach each other as the depth '"of flow increases.

Using both model and prototype data, and with due regard for

the reliability of such data, a basic design curve was drawn

for a square nosed pier parallel to the flow. Shapefactors,

for variaus pier nose types, were given by Laursen to be

applied to the result obtained from the basic curve, assuming

the pier to be aligned with the flow. These factors ha-re been

applied to the basic curve, aId the resulting set of curYes

is presented on fig.2.10.
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The eurTeBare meant to be conservative and ,Laursen

; emphasizes that the design curve presupposes the movementof

the bed material as bed load. Caution is advised in the use

of the design curves if a substantial fraction of the sediment

transport is in the form of euspended load.

Shen, Schneider and Karaki ~1969 ) conducted numerous

sets of experiments at Colorado state University, USA. The flume

used was 60 feet~ong by 6 feet wide and a cylindrical pier of

0.5 foot diameter was placed on a sand bed ldth mean bed

(2.6)• •••••

material size of 0.24 mm.In addition to their experimental

data the authors, also incorporated in their analysis the data

of Chabert and Ergeldinger, 1956, for piers of 0.246 foot

and 0.328 foot diameters respectivel;r. They obtained the follow-

ing relationship

ds-= 2
Y

I
•,.,

The relationship is reproduced graphically on figure

2.11 •

.Ahmed(1962 ) conducted experiments on models of several

bridge sites of WestPakistan. The experiments were carried out

80 that there was good general. movementof the bed. The relation-

ship of discharge intensity to total. scoured depth, both .round

the piers and abutments and in bends, was investigated and he

proposed a formula of the following type:

\
I
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dt=K.qt ••• ••• ••• (2.7)

where the coefficient K is a function of boundarygeometry

shape of pier nose or abutments, characteristics of bed

material and distribution of velooity in the channel seotion

at the piers.

Ahmed( 1962 ) reoommendedthat a value for K of 1.7 to

2.0 be adopted for use in. predicting the total scoured depth

around piers, provided that guide banks at least equal to the

length of the river crossing were constructed to provide and
maintain stra~ht cha.'lnel flow characteristics in the vicinity

of the piers, thus precluding the developmentof severe channel

bends and the a.ssociated extreme scour depths 'in the critical

areas around bridge piers and abutments.

Arunachalam(1965 ) in his recent paper reviews several

of the morewidely used methods of calculating local scour and

a.ttempts to explain the major differences between them. He claims

that the different reference points used by past investigators for

measuring the depth of scour is the main cause of confusion surr-

ounding the relative effects of flow velocity and pier geometry

on local scour. He suggests that the total scoured depth below

water StU'facemust be separated into the upstream flow depth,

which is a function of velocity or discharge and the depth of

local scour below the ambient stream bed which is a function

of only the depth of flow and pier geometry. He derives a

rele.tionahip for calculating the depth of local scour below
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His expression is

ds ~[ 1.95
~

(2.8)~= (Y/b)1/6 - ... ...
Arunachalam recommends to use the 'lacey mean depth'i,

for calculating the upstream flow depth.

Bata (Acres 1970)iri 1960 reported results of a series of
experiments on local scour around bridge piers. Durlllgthis
experiments the general bed movement existed. However, data on
widths of flume, size of sand, depths and velocities of flow,
and shapes and sizes of piers tested were not Quoted.

,
\,
,'"

Bata found that the influence of the Reynolds Number on
local scour was negligihle, as was the diameter of the sand
particles. Finally he put forward the fOllowing expression
for the limiting depth of local scour

... (2.9)

\

where, D = diameter of sand particle (D50).
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Tarapore (Acres 1970) established a theoreUcal method of
calculating local scour based on the potential flow around the

"i

I obstruction in the channel. He attempted to verify his theoretical
findings "ith a series of experiments conducted in a 12 inch wide
flume, using a cylindrical pier two inches in diameter. Since his
theoretical investigations took an advanced rate of bed load
transport into account, it is assume~ that his experiments were
conducted with a fully active bed. He presents the relationship

.... ...

He claims, this equation is valid for large depths of flow.
However, a criterion for determining wheather the depth is
large is not given. Fbr low depths of flow, the depth of local
scour was found to be dependent on the depth of approach flow as
well as the radius of the pier. Suspended load was found to have
no effect on the depth of local scour.

Larras(Acres 1970) presents a formula for the depth of
local scour at bridge piers based on the experimental results
of chabert and EnglBdi~e~. The formula given is,

i

... ... ••• (2.11)
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Multiplying factors to be applied to the basic formula to
account for pier nose shape and for angle of attack of the
approach flow were given by larras, but are not elaborated
by Neill who has described from the larras article written in
French.

2.8.0 Empirical Approach of ;Analytical Design:

In this approach to predict the depth of local scour,
a stable or regime depth of flow is estimated for the un-
obstructed river channel usine; an empirically derived formula-
and a multiplyL~g factor then apPlied to this estimated depth
to account for obstructions such as piers and abutments.

The following description is-based on the approach by
Lacey and Blench. Their formulae are based on the analysis
of the numerous volume of data obtained from the operation
of irrigation canals in Indi,a and Pakistan.

2 ..8.1 I,aceyI s Regime Depth Formulae:
Lacey's (Acres 1970) has given an expression for regime

depth in rivers flowing in alluvium in 1'929.The equation for

L •
J

, ;

i,
I

I,

regime width is,
tWe = 2.67 Q ••• ... ... ...
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and that fOr depth

de = 0.473 • • • •••

where

We = width of vater surface in feet.

Q = flood disoharge in cfs

de = Lacey meandepth, feet

fe = Lacey's silt factor, defined by 1.76 fi
50
,

Lacey proposed mul'tiplying factors to be applied to the

"Laceymean depth" in order to calculate the maximumtotal

scoured depth which could occur in stable reaches with no

obstructions. Factors are

Condition Factor
Maximumdepth in"a straight, stable reach ••• 1.27
Moderate bend in the river ••• • •• 1.50
Beverebend in the river ••• • •• 1. 75
Right angled bend • • • ••• 2.00,I

."• •••••

For reaches wlaerethe width of the river was artificially

constricted,. such as by guide banks, the" "Laceymeandepth"
becomes:

de = 0.9 ( ;:t)
., .

. "k

Samemultiplying factors as used on an unconstricted

reach are to be applied to obtain the lllUimumtotal scoured
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depths.

These equations have apparently been checkedagainst

actual oonditions at stable bridge sites in large sand bed'

rivers with good agreement.

2.8.2 Blench RegimeFormuJ.ae:

Blench (1966 ) has replaced the silt factor in lacey's
. "

fOrmuJ.aeand introduces the _'bed factor' aIII:La'side factor'

Blenchhas differentiated the nature of channel bed and banks.

channel width and depthHis equations for a stable

Vb = t ~:)t Qt

where

• • •

" ..

." .

•• •

are:

"..

• ••

I... ,
".1

, .

lib= Blench regime width of channel at half depth, feet.

fb = Blench bed factor = fbo (1 + 0.12c)

f = Blench side factorB

Q = discharge in, cfs

e = bed load charge, measured asd~ weight per second
of bed load divided by weight of water flow per
second and reduced to parts per hundred thousand

db = Meandepth, equal to the crose-sectional area
divided by Wb"
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mench suggested the values of fs as follows:

Slight
Moderate

High

• • •

• • •

•• •

• ••

• ••

• ••

•••

•••

•••

0.1

0.2
0.3

irlherethe river width is imposedby an artificial con-

stri~tion, the depth equation becomes:

"
• • • •••

: !

1,
i
I
I,

I,
I

where, q = unit discharge intensity per foot of width at

half depth.

mench proposed the followingmul tiplying factors to

be applied to the equation (2.15).

i
i: t
'd

Condition

Maximumdepth in a straight reach ... •••

Factor

1.5.~.
: 1

,
',J,',

Maximumdepth in a bend of normal meandercurvatUre 1.7

2.9.0 Summary:

Anattempt' has been made to review the current4 available

literature of local scour. which maybe ;ummerisedas follows:

1. The depth of scour will increase with the increase of

pier width but will not continue to increase indefinitely.
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2. Significant reduction in the depth of scour for ~

~ive:n pier width can be realized by stream lining the nose of

the pier.

3. For a given depth of approach flow the depth of scour _

will vary with the velocity.

4. The depth of scour increases as the angle of attack

of the approach flow increa~es.

5. Lastly, on the basis of available design formula of

local scours in alluvial rivers, design engineer should judge

the work of any individual out of all studied, which is to

be most thorough in scope and execution in considering the

field problem.
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CHAPTER - III

,THEORETICAL CONSIDERATIONS

,3••1.0 Introduction:

Local scour at bridge piers or near the emblUlkment

is the resuJ.t of vortex systems developed at the piers or

1arge wakevortices (or eddies) set up downstreamof embank-

mentswhich scour downstreamside of the embankments,the

river bank:and the stream bed. The scouring is achieved due

to the resuJ.t1ng developmentof high veloci ty because of

partia1 b10ckageof the flow by the pier as seen commonlyas
eddies.

The shape of the pier also significant1;v affects scour

depth because it reflects a strength of the horseshoe vortex at

the base of the pier as observed by Shen, Karaki et 81(1969 ).

A. b1UDt,-nosepier "il1 cause the greatest scour depth while

stream 1in1Dgthe front end of the pier will reduce the scour.

Moreover, stre~ining the downstreamend of piers wi11 reduce,
the strength of wakevortices.

In order to analyse the influence of pier shape it is

advantageous to consider the cross-sectional shape of the piers

and their positions reiative to the direct10D of the flow. The

var1ab1es affecting depth and 1ocation of scour commOn1yused in

. "'--":;""::-'-'"-
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current practice are:

1. The geometric characteristics of the piers
1 = pier length parallel to the approach flow.
b = pier width perpendicular to the approach fJow.

2. The characteristics of'the f'low,
y = depth of approach flow
V = velocity of approach flow

dt = depth of scour

3. The characteristic of the fluid and erodible bed
material,

P = fluid density .

g = sediment density

)) = fluid Kinematic viscosity

4. ~namic quantity involved in flow characteristics
g = gravitational acceleration
t = time •.

31
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3.2•0 D1IIIensionaJ.Analysis:"

MathematicaJ.theor,r and experimental data have

developed practical aolutions to manyhydraulic problems.

Important hydraulic structures are now designed and bu1lt

only after extensive model studies have been made. Application

of dimensional analysis and hydraulic simUitude enable the

engineer to organize and simplif,y the experiments and to
analyze the resu.1ts thersfrom.

Wherethe number of physical quantities or variables

equa1f!"four or more, the BuckinghamPi Theoremprovides, an

excellent tool by which these quanti ties can be organized into

the BIIIa11estnumberof s~n1ficant, dimensiOnless groupings,

from which an equatiO!l can be evaluated.'

In this xstudy, the .problem-can-be written mathematically

in the follOWing way considering the var1ables involved in the
systEIII.

f(dt~ b,l,Y,v, f', lJ , D50, fs ,g, t) = 0 (3.1)

This equation can be non-dimensionalized by using the Buckingham
,Pi Theorem.

Here, number of variables is twelve and the number of

primary units is three. Therefore, number of dimensionless
groups w111 be (11-3) or 8.
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The 7\ - terms of this equ~tion can be establish as follows:

7\ 1 =

... ... (3. 2b)

... (3.2c)

c d
VA f. 4s ...

...

...

...

(3. 2d)

. (3. 2e)

~,
(-

7\6=
c .

V 6
o d6) s ...

...

(3.2f)

(3. 2g)

7\8 =
a b . c f. dt 8 b 8- V 8. s 8 , ... ... (3.2h) /

.~
,i

,J 'I

The dimensions in M.L, and T of the different variables
of the equations (3.2a to 3.2h) can be substituted and the
values of exponents may be oqtained by equating the exponents
of M.L and T. These values of the exponent can be substituted
in the respective equation and following 7\ _ terms can be

------_._-.-~ ~~- ~-
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obtained:

7\1
dt •-: = 0- ,

712 = lib ,

7\3
y= ' 0" ;

7\4= f/~;,

./

7\S = ...n-
2J

1\6 = ~y

7\7 V= (gy)t

7\8 = Vt
~

The new relationship in terms of 711 ' 112," ••.•.718,is

f1 (
dt 1 y fv2 V,b DSO V vt ) 0 (3.3)1) , b , b ,

f - f' ) , )) , y- ,(gy)+' b =g( s DSO
Considering the effect of-sediment density, f

s
' in the parameter

of submerged weight, y: = g ( fs - f ),its inclusion as an indepen-
dent parameter __can be omitted. Therefore substituting ¥ I for

'- s
dtg( fs - f), and solving for relative Scour depth, -0- equation

(3.3) can now be written as,

fv2

v/D ', s SO
Vb
))'

V

(gy)+ (3.4)

, ,
, ,
. I'

;, ii

With the passage of time the dimension of a Scour hole
gradually incrpasesand its growth is arrested when equilibrium
condition is approaahed. In respect to the present laboratory
set up, to measure the Scour depth with time, the flow of water
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hae to be etopped for each time of scour depth measurement.

so by stopping and restarting the flow. the stablli ty of the

flow w111be disturbed. Therefore, the scour depth data with

time was not possible to record with the present available
Vt

instrumentation. 1)1eto this the term D has not been con-
Vb

sidered in this study. The term))' has not also been consi-

dered as the viscosity. has negligible effect on the scour

prooess due to the flow being turbulent. Therefore the equation

(:3.4) can be reduced to

, '

~l/b. Y/b. Y t
V
(gy

For particles of a given shape. for critical or incipient

condition. shields obtained the following relationship:

• • • ••• (, 3.6)

L" I
i,

where. 1:c ;., critical shear stress = V~ .ff

Ys = specific weight of sediment

~f = specific weight of fluid
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D= particle size

V~ •• crt tioal velooity.

Su.bstituting -Z:O •• V~ if in equation (3.6), the expression
becomes,

V2 V D20 .. ~ ( 0

»('(s - Y1')T/(f Yv

Ve
(~

VeD
'or, - l' "1J)( Ys - Yf) Tiff

or, (~

relative sediment size
.;-

:Fdc = V~I (g DSO).Thus

:Fo will
Fromthis expression it maybe appreciated that

be a !'unction of DIY and, VcD.Therefore, the
~O' »
.,.-; will be a function of :Fo or

the equation (3.5) can be written as

,

, )

•••

•• •

•••

....
(3~7a)

"

(; - .The variations of relative soour depth with these

independent variables of above two equatione have been plotted

, and disoussed 1n Chapter V.
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QHAPTBR - IV .

LABORATORY' SET UP AND MEASUREMENT

4.1.0 Introduction:
The present study was carried out in the B;rdraulics

and River Engineering Laboratory o~ the Departmentof water

Resources Engineering, Bang1adeshUniversity of Engineering

and Techno10gy.The exist~ng PlowVisualisation Tankwith the

water suPP1.7systemand measuring devices et~.were used in

this study. Abrief description of the facUities and the

experimental procedure are given below.

4.2.0 PlowVisual1sation tank:

The experiments were carried out in a recirculating

flow visuaJ.isation tank~(F1g.4.1)• Theworking section of the

tank was 13.25' x 2' x 0.67'. The tank was mouldedfrom glass
fibre, with steel reinforcement to provide rigidity. It was

comprised of three parts - the 1nJ.et tank, the working section

and the reservoir tank. Adropt1ght adjustable overshot weir

with upstream sand trap was accommodatedwithin the discharge

tank. Aperforated baffle p1ate had been incorporated into the

1nJ.et tank which distributed the ~low eveilly across the width

of the flow table.
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4.2.1 water SIlpply 8;retem:

A centrifugal pumpinstalled near the tail water tank

of the nume wae ueed to supply water to the test channels.

Yater wae a1l!owedto enter the inlet of the cllannel through

a delivery pipe line from the pump,which after nowing through

the ohannel entered into the tailwater tank. It was recirculated

by meansof the pumpand the process wae followed to have a

continuous supply through the test channel.

4-.2.2 FlowMeasuring Device:

A now meter fitted to the delivery pipe system was

used to measure the volumeof water flOWingthrough the line.

This meter was prOVidedwith the facility of taking the volume

readings with an accuracy of one hundredth of a gallon. The

volumeof water passing through for 60 eeconds was recOrded

and the-discharge--ra"te-yas- calculated.' The t1lilewas recorded
by a stop watch.

4.2.3 The Tallwater Tank:

The tallwater tank at the downstreamend of the nume

was used as the source of supply of water for the pump. As the

water was madeto reCirculate, this tank was provided for settl- .

1ng downthe sediment carried fromupstream. The tailwater level

wasmore or less constant by supplying water from the main supply
line of the laboratory.
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Water comming from the bottom of inlet tank throu~h pump create
waves at the flow entrance. As such, these waves produce initial

thrust on the mobile bed during initiation of the test run. After
several trials by stone pitching at the entrance, the initial
thrust on the mobile bed was avoided. The trials indicated a 6"

(lenpth stone pitching with one layer thickness of +" and this
specification was provided across the bed at the entrance to the
channel (Fig. 4.2).s-tone pitchinl':also he]ped for slow transit ion
of velocity from the entrance to the flume.

4.2.5 Initial Flume Bed:

The flume bed was filled up with-sand for a depth of 3.5 inches.
This depth was maintained for all the test runs even when one type
of test sand was replaced by another. The bed was compacted properly
for each run and approximately similar condition was maL~tained for
other test runs. The general photographic view of-the initia~-flume
bed is shown in Fig. 4.3.

4.2.6 Bed Haterial:
Three different types of sand were used as bed material.Their

median siZes were 0.19 mm, 0.40 romand 0.94 mm. One sample of bed
material (D50 = 0.19 rom)was col]ected from the Jamuilariver near
Aricha Ghat at which the East-West Interconnector crosses the
river Jamuna. The wide varietion in median sizes (D50) of three
bed material was choosen to q,bserve clearly the effect of bed
material sizes on scour depth. Size distributions of the three
bed material samples were found out and were shown in Fig.4.4.
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4.2.7 D1echargeand Slope:

D1fferent d1echargee for which test runs were oonduoted

were 0.13cfs. 0.17 cfe, 0.2Oofs and 0.24cfs. For each type of

pier and bed IIB.terial., B10peand disoharge ware maintained con-
stant for a particular test run.

4.2.8 Pier Shape:

Four different shapes of piers were used in the study.

Theywere-rectangular,--circular,- round nose and sharp nose

Fig.4.5-shows the different shapes of pier.

The geometric characteric-ofpiers are desoribed by
1 th 1 idth b Thevalues of length-width ratio for foureng , w '." _.' ,

different piers are eiven below in the tabular form

;

"

, .
I

~pe of pier

Rectangular

Circular

RoundnOse

Sharp nose

ReiatIva iellith,
= li4rh,r.!w th,D

3.00
1.00

3.00

3.00

4.2.9 Measurementof Scour Depth:

Amoveable bridge with a point gauge mountedon it was

Used for taking measurements. The bridge was operated manually

over a rall plaoed on the top of the two side rallings. Thepoint

"
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the test run was continued until these readings were :found

not variable.

Whenthe test run achieved the stable condition,

one particular type of pier was placed in such a w~ that the

width of the pier was perpendicular to the flow. The location

of the pier was approx1mate17middle of the working section.

After the pier was inserted into the bed, it took another one

to one and half hours to' reach an equilibrium state. In this

state of equilibrium there was no appreciable activity in

sediment eroBion or deposition in the scour hole. This was

confirmed through visual observations. Then the chann'el and

scour hole were careful17 drained.

ContoUrs.within the scour. hole anddeposltlon region

were marked at 1 '"cm"int~rvals-;--relative-to"-the-llfeanwater level.

l!Ieanwaterlevel was measured by.a"point:gauge "reading.on"three

different places marked earlier and was taken as the average

of the point gauge readings.

Three sets of runs were conducted for a particular

type of pier. Each set contained four test runs for four

variable discharges for a particular type of bed material.

Therefore, twelve sets of runs were conducted for four

different types of piers totalling forty eight test runs.
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CHAPTER - V

ANALYSIS OF DATA AND DISCUSSIONS

5.1.0 Introduction:
Phenomena involving scour around bridge piers have

been studied in the laboratory and data collected from experi-
ments have been plotted and analysed on the basis of the theo-
retical approach as described in the previous chater (Chapter IV).

The variations of relative scour depths, ~/b with
Froude number and relative depth, y/b were plotted and studied.
The scour pattern around different shapes of pier for different
bed material types and discharges were plotted.

Field data of Hardinge Bridge and the East-West
Interconnector have also been collected and plotted on the
basis of empirical equations forwarded by Inglis (1949),
Blench (1962),Shen and Others (1966).

5.2.0 Collection of Data:
(a) Laboratory Tests: Data observed from the fourth eight
laboratory test runs by placing four different piers (rectangular,
circular, round nose and sharp nose) on different bed materials
and discharges were collected. The mean diameter (i.e. nsO) of
the various types of bed material -chosen for the study were
0.19_ (the Jamuna river bed near Aricha), 0.4Omm and 0.94mm.
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Different discharges for which test runs were cOIJ.ductedranged

between 0.13 cfe and 0.24 cfs. The flow condtions for the

various runs and the results obtained in these test are 8UIIUll3ri-

Zed in TableS"1 to 4.

(b) Field Data: Data of Hardinge Bridge and the East-West
1Interconnector were been collected. TheBardinge Bridge

(11- mUes long) is a railway bridge link between the Pakshi

(Pabna) and Bheramara(KuabUa) over the river Padma.The

scour data around bridge --piers had-been--takenfrom_the..records

of three consecutive years viz., 1976, 1977and 1978 as shown

in Table -5. Observations around piers of the bridge shownin

F:ig. 5.1 (a) were madewith the soundingmethod. Soundingand

surface velocity data were also taken at five different points

in between-the two piers as shownin Fig.5.1(b). The shape of

the piers were round nose.

The East-West Interconnector crossed the river Jamuna

approximately in between Aricha and Nagarbari. It consisted of

.eleven circular caissons and all were not located in the main

river. So, scour data were available only for six caissons.

These are shownin Table-6. Bedmaterial samples had been

gathered (Dso = 0.19mm)and their size distributions shown

in Fig. 4.4.
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5.3.0 Analysis and Discussions:

The effect of Froude number, F, bed material,D50,
relative approach depth, Y/b and shape of pier on relative
scour depth as observed from the laboratory test runs are
described in the following sections.

5.3.1 Effect of Froude number on Scour Depth:
To study the effect of Froude number on relative scour

depth, the variations of relative scour depth dt/b was plotted
against Froude Number in Figure 5.2. The relative length of
the pier, lib was also indicated for each type of pier.

againstThe relative scour depths, dt were plotted
< 1 b

Froude number, F~ V/(gy)"'] in Figure 5.2 and Figure 5.3
show the plots of relative scour depth ~ against the particle

b -
Froude number, Fd~ V/(gD50)tJ. Figure 5.2 (for four ~ifferent

pier) show that relative. scour depth, ~ increases
increase of Froude Number, F ( :orvelocity). < This

flow

explained in the following way. If the stream
is increased, then the strength of the scour
increases, that is, the sediment transport

rate into the hole is less than sediment removal
from the hole. As a consequences the depth of scour is gradually
increasing with the increase of flow Froude Number. Fig. 5.2
also show that for an increase of 0.1 in the value of Froude
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Number, the relative Scour depths dt/b also increase by 0.;.

0.5 and 0.56 for coarse (D50 = .94 mm)medium(D
50

= 0.4~~
and fine (D50= 0.19mm)sand respectively. The increase in

the relative scour depth ~/b for fine sand is maximum(1. e••

134%comparedto the coarse sand. While the increase in the

mediumsand is only 78%). Thus, the relative scour depth, dt/b

1s higher for finner size of bed material and gradually decreases

as the coarseness of the bed material increases. This is also

seen for other shapes of pier as sholrIlin Fig. 'S.2. Jain-et 201

(1980) also found similar trend in their experimental results.

To observe the effect of particle Froude number, F
d

on the relative scour depth dt/b FiRUre 5.3 have been

plotted. Fromthese plots it has been observed that relative

scour depth, dt/b increases with the increase of -particle.

Fraude number. Considering :fig. c5. 3 it is seen that the

relative scour depth, ~/b increases by a value of 0.2 for

coarse material, 0.24 for intermediate material and 0.26 for

coarsen material for a change of the particle Fraude number

value of 0.50. It is evident from this that the rate of increase

in relative scour depth is lesser for finer material and gradua-

lly increases as the coarseness of the bed material increases.

This 1s also seen for other shapes of pier as shownin Fig 5.3.
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The relative scour depths, ~/b were plrtt~i 8~aj~~t

crit:1cal Froude number, Fc = Vc/Jgy)t 11, ~Figure,. 5.4.

Considering this figure ,it has been observed that for 0,,05

increase of critical Froude number, the relative scour depth,

dt/b :1ncreases by 0.34 for coarser material, 0.46 for inter-

mediate material and 0.52 for f:1ner material. Therefore, the

effect of critical Froude numberis more :1ncase of finer bed

material comparedto :1nterml;ldiateand coarser bed material.

Fig. 5.5 show, the plot of relative scour depth,
1~/b aga:1nst the particle critical Froude number,F

dc
=Vc/(gD

50
)!Thia

plot shows that the relative scour depth, ~/b also increases

with the increase of critical partic'le Froude number, F
dc
'

5.3.2 Effect of Approachdepth on Scour Depth:

The variations of relative scour depth, dt/b ?~inst

the relative approach depth, y/b for four different shapes of

pier are shown:in Figure 5.6. The relative scour depth

:increases With the increasing relative approach depth. Referr:lng

to the fig. 5. ,6. , it has been observed that the relative scour

depth, ~/b :increases by 0.24, 0.24 and 0.28 respectively for

finner, coarser and intermediate bed material sizes for 0.1
:increase of relat:1ve approach depth. Fromthese values it. may

be inferred that the relative approach depth has considerable

effect on relative scour depth.

The ratio of maximumscour depth to the approach depth
,

for all shapes of pier for the present study range between 1.30
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and 2.33 and the average value is 1.95. This rel!?tit27.1 ni'

scour depth, ~ and the approach depth, y'is very close .;0

the relation earlier g1Ven by Inglis (1949) as, ~ == 2y.

There is a discrepancy of Only 2.5% between <;;hevalue given

by Inglis and the average value obtained from the data of

the present study.

5.3.3 Effect of Piers Shap~ on Scou.-Depth:

FOurdifferent shapes of piers such as rectanguJ.ar,

circular, round nose and sharp nose (Fig.4.5) were used II

this study. Figs. 5. 7 to 5. 18 show the scour pattem around

the different shapes of pier for specific discharges and bed
material.

The maximumscour depth, ~ has been observed as

0.33 ft in case of rectanguJ.ar pier embeddedin finer material

(~O == 0.19mm)for a dishcarge of 0.24 cfs whereas for the

same discharge and in the same bed material, the m1nimUlilscour

depth has been observed as 0.24 :ft in case of sharp nose pier.

Thus it may inferred that the sharp nose pier can be considered

as quite efficient from the hydraulic point of view. FOr cir-

cular pier, the scour depth is lesser than the rectangular

and it is higher for the round nose compared to the sharp nose
pier.

,~'.' .
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For rectangular piers the development of scour covered

in area approximately 1 :x f1 from the upstream end of the pier,

where 1 is the length of the pier. Laterally the scour spread

over a distance equalled to the length of the pier while along

the flow direction the spread is only fl.

Deposition has been observed in the downstream end

of the pier. This deposition sometimes has been observed in a
"

distance of1-2cm from the trailing end of the pier. A typical

plot of scour depth contours for rectangular pier is shown in

Fig. 5.11. Scour patterns for circular, round nose and sharp

. nose are also shownin Figs. 5.13 and 5.10 respectively. In

case of circular pier the scour in plan form covers approxima-

tely 1.5 times the pier diameter around the pier. FOr round nose,

area coverage is approximately half of the pier length in upstream

and lateral directions from the pier face and full length of

pier along the downstream 'direction from the upstream face of

the pier. Deposition has also been observed in the dOwnstream

side from the trailing end of the pier. In case of sharp nose

pier, scour coverage area is one third of the pier length in

upstream side and seven-eight length of the pier in the down-

stream direction from the upstream face of the pier. Laterally,

it covers approximately, a distance of half the pier length.

Little deposition has been also observed in the downstream

side of the pier.

i
•
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The maximum equilibrium depth of soour for all types
of pier is observed at both upstream and downstream side of
each pier type. Several photographs show~ scour patterns
around piers are also shown in Figs. 5.19 and 5.20.

5.3.4 Comparison of Field Data:
The soour data for Bardinge bridge and East-West

Interconnector are plotted in. Figs. 5.21' to 5.26 on the
basis of the analysis given by mench (1962), Inglis (1970)
and Shen et al (Acres 1970). This has been done to compare the
.field data wi th their respective similar equations. Figs. 5.21
to 5.23 and Figs. 5.24 to 5.26 are plotted for Hardinge bridge
and East-west Interconnector datarespectiveJ.y and the statiB~
tiealequationB-obta1ned from these are given below in the
tabular form

.
!,
!

i
I

the basis.

~/b=1.34(qi/b)1.07
••• ••• (5.2)

Equations Relationships obtained on
of present field data
Bardinge Bridge East-West

nector
~/y=1.8(b/y)O.25 dt/y=1.82(b/y)O.75

••• ••.(2.4) ••• ••• (5.1)
mench (1962)

Shen et

Name of the
Investigator

Inglis (1949)
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Thoughthere are differences in views regarding the effect

of sediment size on scour but comparing equation (5.1) with

(5.4) it is evident that the scour depth has a significant

effect of sediment size. Garde and Raju (1978) in their

studies also showeda significant effect of sediment size

on scour depth. Putting q = 369.93 cfs/ft., b = 37 ft. and

y = 44.5 ft., in equations 5.1 and 5.4, the scour depths

for Eardinge Bridge and 'East-West Interconnector turn out

as 1.58 it (Eqn.5.1) and 1.30 ft (Eqn.5.4) respectively and

the observed scour depth, ~/y = 1,60. The lIleandiameter,D
50

of Hardinge bridge is 0.14mm(Personal communicationwith

Dr.A. Nishat) and for East-West Interconnector is 0.19. From

this it is evident that scoor depth is more in finer material

comparedto the coarser material.

Equations (5.1), (5.2) and (5.3) are for Bardinge

bridge while equations (5.4), (5.5) and (5.6) are for East-

WestInterconnector and shownsimilarity to equations (2.4),

(2.2) and (2.6). Onlydifferences are in constants and in the

value of the index power. Comparingequation (5.2) an4-(2.2),

it is found that the variations are 21%and 37%)in the values

of the coefficient and index power respectively. Similarly,

comparingequation (5.4) and (2.4), the variations are found

23%and 19%in the values of the coefficient and index power

respectively. Figs. 5.21 to 5.26 also showthe trend of deviation

with equation (2.4), (2.2) and (2-6). These deviations maybe

due to the following reasons:
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(b) Conditions and nature of bed material mayvary

considerably at different points and depths, data for which

need to be monitored carefully.

(c) The scour also depends on the skewness of the

flow and on the state of flow ,i. e., whether the flood is

rising or falling. Precise observations regarding direction,
of current and state of floc;>dshould be recorded properly.

5.3.5 Comparison-of-field and Laboratory-Data:

llmpirical formulas of mench (1962), Inglis (1949)

and Shen et al (1966) have been used to predict the scour depth

(using the field and laboratory data). Observed scour depth in

field and laboratory has been comparedwith the predicted scour

depth by various formulas mentioned above. Figs. 5.27 to 5.32

are the plots of observed scour depths and the predicted scour

depth. This study has been possible for round nose (Hardinge

Bridge) and circular pier (East~West Interconnector), as the

field data for other types of pier were not available.
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5.3.5.1 Round-nose Piers:
The observed scour depths and the scour depths

predicted by various formu1as for round-nose piers are shown
in Figs. 5.27 through 5.29. :Blench's relation (Fig.5.27) mostly
overpredicts the field data while the experimental data shows
good correlation though the data cluster round a small zone.

Fig.5.28 shows the Inglis's relation, where all the
experimental data were underpredicted whereas the field data
were evenly distributed along the line of perfect agreement.

Fig. 5.29 shows the Shen et al's relation, where all
the experimental data were overpredicted and among the field
data few were on the line of perfect agreement and the remain-
ing were distributed on the both sides of line of perfect
agreement.

~ comparing these figures, it ~ be concluded-that
the ~cour formula by :Blench (1962) is the best predictor among
those compared in this study for round-nose piers, as this
envelopes most of the data, having higher values of linear
correlation coefficient, r between the observed and predicted
scour depth.
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5.3.5.2 Circular Piers:

Figs. 5.30 through 5.32"showsthe comparison

betweenthe observed scour depths and the scour depths

predicted by various formulas fO.rcircular piers.

Blench's relation (Fig. 5.30), overpredict the

most of the field data and under predict the mOstof the

experimental data. Fig. 5.31 showsthe Inglis's (1949)
. "

relation, where all the experimental data were underpredicted

irrespective of the meangrain size. Field data were evenly

distributed along the line of perfect agreement. In Shenet aI's

(1966) relation (Fig. 5.32), all the experimental data were

overpredicted whereas only few of the field data were in the

underperdicted zone•

Blence (1962) relation (Fig. 5.30) in case of circular

piers also found to be the best predictor amongthose compared

in this study as the point in this plot were less scattered

comparedto others.

.1
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COHCLUSIOl'l AND BBCOMMJm]),ATIOl'l

6.1.0 Conclusioas:
The analysis of the Laboratory &lid field data on scour

around bridge piers for different shapes and flow conditions as

reported in the present study g1Yes considerable 8upport to the

following conclusions:

1) Themaximumdepth of scour is developed in rectangular

type of pier followed by circular. round nose and sharp nose.

'Similarly, the ma:n1lll1llarea of scour in plan form follow the same

sequenceas the scour depth. Since the scour depth and area of scour

in plan form are minimumfor sharp nose piers, their use maybe

conBi!deredmost benefioiaJ. from the hydraulic considerations.

2) Themaximwiiscour depth mayoccur -either at the
upstream or at the doWnstreamof the pier depending on the shape
of pier.

3) The sccur depth is higher in case of finer hed

mate,rial and gradually decreases as the coarseness of the bed

material increases. Thus, sediment size has considerable effect

on the depth of scour.

4) The relatlye scour depth, '~/b increases wi th the

relatiye approach depth. y/b. In ayerage. the ratio of maximum

scour depth to the approach depth for all types of pier has been
found to be 1.95.
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5) Though there are differences in the values of the coefficient
and index power for the equations of the form y = axb (where Y and X
are variables, a is the coefficient and b is the index power) but,

the equations derived from field data are almost identical with
those derived by Inglis, Blench and Shen-et al. The change in the
values of the coefficient, a and index power, b is due to various
factors involved in the flow phenomenon around piers together with
the constraints in the range of data.

6) Scour prediction by Blench formula indicates better corre-
lation "compared to other form11lae

6.2.0 Recommendations for future study:
The study of scour phenomenon around hridge pier may be extended

by incorporating the following:"

1. In the present study, the scour phenomenon around bridge piers
in different bed materials were observed and the bed slope were kept
constant. Therefore, the effect of bed slope on scour depth may be
studied.

2. Small scale laboratory study has been conducted in cases of
circular and round nose type of piers and the results have been
compared with the circular,and round nose piers of the East West
Interconnector and the Hardinge Bridge respectively. Small scale
studies for wider range of discharge in a broader tilting flume
may be conducted to compare the field data of scour under similar
conditions.

3. The effect of the flow directi on with respect to the pier shape
and position may be stu,died.
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Fig. 2'1. The vertical velocity profile and approximate velocity ratios
in a wide straight channel with a rough bed. The timeaverage bed
shear stress "fdS where'" is the unit weight of water. The surface
velocity Ys is about 1-1-1.2 times the mean velocity Ym. The bottom
velocity Yb is usually in the range 0.3- 0-7 times Ym• The bottom

velocity (time average value) is somewhat ill defined because of
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TAm,~ - 1

Type of Pier • Rectangu1ar b, Width of pier = 0.164 ft•
1, I,eMth of pier= 0.492 ft

Sediment Discharge Average Charmel Average Maximum CriticalRun size ~x Approach width velocity, scour TelocityNo. D50(mm) (cf3 ) depth y B,(ft) .•V depth _fgj(ft) (ft!sec) from W.L.Vc- gyc
dt,(ft)

1 2 3 4 5 6 7 8
1 0.'4 0.1295 .0837 2'-0" 0.7736 .1640 1.2775

2 0.94 0.1648 .0919 2'-0" 0.8966 .1877 1.3844

3 0.94 0.2001 .0991 . 2'-0" 1.0100 .2067 1.4769

4 0.94 0.2354 .1083 2'-0" 1.0870 .2329 1.5591

17
,

0.6690 .20660.40 0.1295 .0978. 2'_0" 1.2775
18 0.40 0.1648 .1076 2'_0" 0.7658 ;2362 1.3844

19 0.40 0.2001 .1165 2'_0" 0.8588 .2641 1.4769
20 0.40 0.2354 .1250 2'_0" 0.9439 .2914 1. 5591

I

33 0.19 0.1295 .1148 2'_0" 0.5640 .2431 1.2775
34 0.19 0.1648 .1286 2'-0" 0.6407 .2756 1.3844
35 0.19 0.2001 .1381 2'-0" 0.7245 .3087 1.4769
36 0.19 0.2354 .1476 2'-0" 0.7974 .3326 1.5591

.j t

, t
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T ABI,E - 1 (Qontd.)
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,
j' Froude No. Critical Particle Critical.

F = vim Froude No. Froude No. Partial dt/b y/b dt/y
Fc=Vc1m F =vfJgDrj Frou~VNo.

d 0 Fdc- cf
JgD50

9 10 11 12 13 14 15
0.4712 0.7782 2.4549 4.054 1.00 0.5 1.96
0.5212 0.8048 2.845 4.393 1.15 0.56 2.04
0.5654 0.8268 3.205 4.687 1.26 0.604 2.09
0.5821 0.8349 3.449 4.949 1.42 0.66 2.15

t.;. .

0.3790 0.7237 3.2545 6.2147 1.26 0.59 2.14
0.4114 0.7438 3.7253 6.7346 1.44 0.656 2.20
0~4434 0.7625 4.1778 7.1846 1.61 0.71 2.27

,0.4711 0.7781 4.5917 7.5845 1.776 0.772 2.33

0.2933 0.6645 3.9809 9.0170 1.482 0.70 2.12
0.3149 0.6803 4.5223 9.7716 1.680 0.784 2.14
0.3436 0.7004 5.1138 10.4245 1.882 0.862 2.24
0.3658 0.7152 5.6283 11.0047 2.028 0.934 2.25

I

'. !
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TABLE - 2

Type of Pier : Circular b, Width of Pier = 0.164 ft
Sediment Discharge Average Chame1 Average

~ CriticsRun Size Omax approach Width, ve1ocity, Maximum ve10eitNo. D50 (mm) (efs) depth,Y B,ft V Scour Vc=mc(ft) ft/sec depth
frollV.L.
(ft)

1 2 3 4 5 6 1 8
5. 0.94 0.1295 0.0820 2'-0" 0.7894 0.1595 1.2775
6. 0.94 0.1648 0.0942 2'-0" 0.8747 0.182 1.3844
7. 0.94 0.2001 0.1011 2'-0" 0.9896 0.2001 1.4769

<?.:;
0.94 0.2354 0.1073 2'-0" 1.0969 0.2221 1.55918.

21• 0.40 0.1295 .0984 2'-0" 0.6580 .1926 1.2775
22. 0.40 0.1648 .1030 2'-0" 0.8000 .2280 1.3844
23. 0.40 0.2001 .1142 2'-0" 0.8761 .2592 1.4769
24. 0.40 0.2354 .1247 2'-0" 0.9239 .2871 1. 5591

37. 0.19 0.1295 .1155 2'-0" 0.5606 .2083 1.2775
38. 0.19 0.1648 .1267 2'-0" 0.6504 .2510 1.3854
39. 0.19 0.2001 .1362 2'-0" 0.7346 .2887 1.4769
40. 0.19 0.2354 .1493 . 2'-0" 0.7883. .3199 1.5591

, .
~I
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TABLE - 3
11 2

Type of Pier . Round-nose b, Width of Pier = 0.164 ft•
1, Length of pier: 0.492 ft

Sediment Discharge Average Channel Avera:ze Maximum CriticalRun Size ~ax Approach Width,b velocity, scour velocityNo. D50(mm) (cfs) depth,Y ft. V depth
Vc=mc(ft) ft/sec. from W.L.

dt,(ft)
) 2 3 4 5 6 7 8
9. 0.94 0.1295 .0824 2'-0" 0.7858 .1469 1.2775

10. 0.94 0.1648 .0935 2'-0" 0.8813 .1624 1.3844

11• 0.94 0.2001 .1017 2'-0" 0.9838 .1870 1.4769:';;"

12. 0.94 0.2354 .1083 2'-0" - 1.0868 .2100 1.5591

25. 0.40 0.1295 .0921 2'-0" 0.6514 .1854 1.2775

26. 0.40 0.1648 .1024 2'_0" 0.8047 .2231 1.3844

27. 0.40 0.2001 .1125 2'-0" 0.8894 .2575 1.4769

28. 0.40 0.2354 .1247 2'-0" 0.9439 .2831 1.5591

41. 0.19 0.1295 .1165 2'-0" 0.5558 .1985 1.2775
42. 0.19 0.1648 .1266 2'-0" 0.6509 .2369 1.3844

43. 0.19 0.2001 .1362 2'-0" 0.7346 .2759 1.4769

44. 0.19 0.2354 .1482 2'-0" 0.7942 .3084 1.5591



TABLE- , (Oontd.)
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Froude No. Critical Particle .Critical
dt/bF=V/Iifr Froude No. Froude No. partical Y/b dt/y

Fc=Vc/m Fd'=;V/JgD50 Froude No. .
Fdc=Vc/hi>50

9 10 11 12 13 14 15
0.4824 0.7843 2.4936 4.0539 0.88 0.502 1.76
0.5079 0.7979 2.7967 4.3932 0.99 0.57 1.74
0.5436 0.8161 3.1219 4.6867 1.14 0.62 1.84
0.5820 0.8349 3.4488 4.9475 1.28 0.66 1.94

,~:! 0.3641 0.7141 3.1688 6.2147 1.13 0.562 1.86
0.4432 0.7624 3.9146 6.7346 1.36 0.624 2.14
0.4673 0.7760 4.3266 7.1846 1.57 0.686 2.29
0.4711 0.7781 4.5917 7.5845 1.726 0.76 2.27

0.2870 0.6596 3.9230 9.0170 1.21 0.71 1.70
0.3224 0.6857 4.5943 9.7716 1.444 0.792 1.87
0.3508 0.7052 5.1851 10.4245 1.682 0.86 2.03
0.3636 0.7137 5.6057 11.0047 1.880 0.942 2.08
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TARLE- 4.

~ Type of Pier • Sharp -nose b, Width of pier = 0.164 ft•
1, Length of pier = 0.492 ft

Discharge ISediment Avf!r8.ge Channel Average Maximum Critical,
Run Size Omax Approach Width~B velocity, scour velocity!
No. D50(mm) (cfs) depth,Y (ft V depth Vc=mc(ft) (ft/sec) from W.L.

~(ft)

1 2 3 4 5 6 7 8

13. 0.94 0.1295 .0037 2'-0" 0.7736 .1329 1.2775

14. 0.94 0.1648 .0935 2'-0" 0.8813 .1493 1.3844

15. 0.94 0.2001 .1017 2'-011 0.9838 .1614 1.4769
"

16. 0.94 0.2354 .1076 2'-0" 1.0939 .1837 1.5591

29. 0.40 0.1295 .0984 2'-0" 0.6578 .1706 1.2775

30. 0.40 0.1648 .1056 2'-011 0.7803 .1969 1.3844

31• 0.40 0.2001 .1181 2i_OIl 0.8472 .2228 1.4769

32. 0.40 0.2354 .-1283 2'-0" 0.9174 c .2452 1.5591

45. 0.19 0.1295 .1204 2'-0" 0.5378 .1575 1.2775

46. 0.19 0.1648 .1322 2'-0" 0.6233 .1843 1.3844

47. 0.19 0.2001 .1427 2'-0" 0.7011 .2133 1.4769

48. 0.19 0.2354 .1509 2' _011 0.7799 .2356 1.5591
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TABLE - 4 ( Contd.)
,
'.

I~ . •

Froude No. Critical. Particle Critical. dt/b Y/b ~/IF=V/1if9 Froude No. Froude No. Particle
Fc=Vcf./gy Fd=V/..;gD50Froude ~

Fdc=VCf.gD50
1 9 10 11 12 13 14 15

0.4712 0.7782 2.4549 4.0539 0.81 0.50 1.59
0.5079 0.7979 2.7967 4.3932 0.91 0.57 1.60
0.5437 0.8161 3.1219 4.6867 0.984 0.62 1.58

), 0.5877 0.8376 3.4713 . 4.9474 1.120 0.656 1.71..
0.3695 0.7176 3.1999 6.2147 1.04 0.576 1.73
0.4232 0.7508 3.7959 6.7346 1.20 0.644 1.86
0.4345 0.7574 4.1213 7.18.17 1.358 0.72 1.89
0.4514 0.7671 4.4628 7.5844 1.494 0.782 1.91

0.2731 0.6488 3.7960 9.0170 0.96 0.734 1.30

\
0.3021 .0.6710 4.3995 9.7716 1.124 0.806 1.40

0.3271 0.6890 4.9486 10.4245 1.30 0.87 1.49
1 0.3538 . 0.7073 5.5048 11.0047 1.436 0.932 1.56X-
i

'"
~ •~. ,
,[I,

"
1

i
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TABLE - 5
>1 SCOUR DATA OF HARPING! BRIME

~:>I

:.'f.

') Date of Mean Mean Maximua Maximum Approaoh
" Bl. soour.data surfaoe velooity SCour Soour derh Y,l No. observations velocity, (.85 times depth depth ft)

mean eu.r- from below
" faoe velo- water bed} vity) ~ l89"el level}
~ V(fps dt(ft) ds(ft

i 1 2 3 4 5 6 7
~ 5,.87'Ii 1• 10.8.76 6.90 74.5 14.0 60.5,

~ 2. 24.7.76 5.97 5.08 66.6 13.6 53.0
%.

1 3. 2.9.76 9.78 8.31 71.3 26.8 44.5

~
4. 9.9.77 7.67 6.52 82.4 11.9 70.5
5. 2.9.77 7.31 6.21 79.0 20.0 59.0
6. 25.8.77 7.19 6.11 66.1 8.6 57.5
7. 4.8.77 8.18 6.95 70.8 14.3 56.5
8. 2,1.7.77 7.14 6.07 61.8 6.8 55.0
9. 1.7.78 4.15 3.53 64.0 28.5 35.5
10. 9.7.78 4.69 3.99 63.8 33.8 30.0

" 11• 19.7.78 5.26 4.47 69.9 33.9 36.0,
\) 12. 19.7.78 5.73 4.87 69.9 29.4 40.5

13. 5.10.78 4.97 4.23 73.9 24.9 49.0
14. 12.10.78 3.91 3.32 80.5 33.0 47.5
15. 6.9.78 8.15 6.93 73.5 18.5 55.0
16. 13.9.78 10.08 8.57 82.5 27.5 55.0
17. 20.9.78 8.57 7.29 75.6 13.6 62.0
18. 2.8.78 6.72 5.71 79.3 30.3 49.0
19. 30.8.78 9.00 7.65 87.3 21.8 65.5
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,{S; TABLE - 6(Contd.t~~
" "

"' SCour depth de/b y/b Fraude Discharge
bslow bed per unitlevel Number F.

• (=V!jgy) widthde (ft) q(= vy)
I 8 9 10 11 12::

16.28 0.465 0.481 0.193 75.690
12.70 0.363 0.523 0.196 86.925
12.45 0.356 0.361 0.186 47.438
5.187 0.1482 0.461 0.192 70.606
13.10 0.374 0.753 0.206 158.160
17.10 0.489 0.714 0.204 145.00

h-, 39.41 1.126 0.163 0.166 12.803
'"" 0.2114.057 0.116 0.893 209.063

12.59 0.360 0.853 0.210 194.155
I 16.44 0.470 0.755 0.206 148.160
<

I 35.28 1.008 0.471 0.193 75.690
34.470 0.985 0.399 0.188 55.960
21.527 0.615 0.451 00192 68.170
32.800 0.937 0.399 0.188 55.960
22.98 0.657 0.086 0.152 4.53
14.771 0.422 0.687 0.203 136.180

I

11.140 0.318 1.181 0.219 330.650

~'

9.453 0.270 1.239 0.221 357.638
l.. 41.790 1.194 0.566 0.198 99.100.;, ,

~I "

Ii 26.013 0.743 0.399 0.188 55.960
It 24.910 0.712 0.481 0.193 75.690
,i 36.350 1.039 0.439 0.191 65.365

.~.
,
!,
. j ;
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