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ABSTRACT

Scour around any obstruction is the lowering of & portion
of the river bed below its naturél level, This is ceuped due
to the large scale eddy structures or a system of vortices which
are develop near the obstructions. .Though the mechanism of scour
ig difficult-to guantify but its study gives.cdnsiderable.guidanceA.p
in predicting the magnitude of scour around any hydrauviic struc-
ture. The determination of scour depth is recuired for the design

of any foundation of hydranlic structure for its gsafety.

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 pilers %ere used viz., rectangular,
ciréular, round nose and sharp nose. Three sets of runs were
conducted for each type of pier for three different.bed_materials.;ﬁ
~l_F1eld data- of - Hardinge brldge and Bast-West Interconnector4were—”‘—-
.collected and analysed along with- the experlmental -data and were:

compared with the potentlal predlctors of scour depth.

It‘was observed that relative scour depth dt/b-(where,dt is
the depth of scour from waber level, b is the width of pier)
increases with the increase of Froude Number, F V/(gy)%
additlon, it was evident that scour depth is higher for finer
grade of bed material and vice versa. The ratio of gecour depth
to approach flow depth was found to be constant at a value of

1 ‘950
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Empirical formulae of Inglis (1949) Hlench (1962) and
s Shen-et al (1966) were used %o prédict the scour dépth; using
%? the field and laboratory data. Scour prediction by Blench (1962)
3 | formulae indicated better correlation compared to other formulae

;” ‘as this envelopes most of the data.
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-they too are gsubject to erosion. Thus, general practicea in road

OB/ 2ER - 1

INTRODUCTIOR

1.1.0 General:
Scour issdefined-as.iherchaﬁge,in;eletation_of,the_

‘stream resulting from the erosive action of the flowing water

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

regions -as & result-of the. passage -of-waves, -I{ is a consegquence

. of aediment continuityAandwis‘generally aggravated. _by- the presence

of obstructions "such as constricted waterway, -plers, -apuras,dikes

' otc.

In earlier"days,"hydraulictprbblemsewereravoided-aa -

far as possible by.: selecting bridge sites where. channels were - -

straight -banke were_stable,-and a square—crossings:couldr RN

arranged. - Generous: lengths of- bridge Were -provided-and -occagional v
over topping of the approach.roada by ~flood waters wag-tolerated.
But 28 & result of a number of factors these policies have changed.
These are, the increasing priority=given to high standard road
alignments and gradelines.requiring acceptance of more.diffioult

vater crossing sites ; the increasing width, height and cost of
bridges and the consequent need to keep their lengths to a mini-
mum and public demands for & free - flow -of traffic at all timea
requiring the handling of reaeonably predictable flood flows by
the structure. Changes in location practices have resulted in

the encroachmont of road embankments into bodies of water where



- engineering make it necesgery to gi?e-hmre afte i %o BLOCTE
of hydraulic design, including the estirsticy of nWicroas hydraie
ulic parameters which determine the Becurity of a giracturc |

against acour and other sctions of water.

In _c'on‘l::rzis'ut' of the scientific basis for structural

design of bridges there is no general theory availsbles at i
Present which would enable the designer to estimate, with
conridence, “the depth of seour &t ‘bridge_pier and. abuitmsnts.
This is due to the ‘complex. f1ow .pattern around the embeded - -
structures. It can be seen that the-scour-depth depenﬂ upon

- -the properties of flow, the bed material ir the stream amd at
channel croesing (grading,.layeringg rariicle ghape and gize,

- alluvial, cohesive or non-cohesive) and the. obatruction geomet:y..

‘.Becauae of the éﬁﬁplexity‘1n_both_the-£10w pattern_and_*neﬁ_aw_h

transport function, 1t_often becomes neeesaary—to-nndertakeamodel-u

stndies of the'structnre to be constructed;

In considering the importance of geour around bridge
‘piers many experiments and model studies have been made with

respect to specific structures. These have led@ to empirical
relationships between the scour and the various flow parameters.
However, - when these are applied to = particular structure the
predicted depth of scour may vary widely. The' reaeona, therefbre,~

are probably due to different experimental conditions that may

)

e

not be appropriate to the particular hydraulic geometry to which
thqy were applied.



Knowledge of maximim depth of scour under.various
conditions especially around bridge piers for differént typeé
of bed materiéls of the'étream,'is esgential for design of
the bridge founéations as wéll 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 point of view of the safety of a
,ﬁ______fgtrﬁcture, as well as economic design. An under-estimation”

of tﬁé scour will result in failure, while its over-estimation

will inerease the cost of the structures.

1.2.0 Importance of the Present Study:
; - A wide variety of empirical_equatiqns.have been developed
:é" - : in the past to estimate the maximum scour depths around bridge”
E piers. These equations have limitation in their use because,

or large scale.

P - Bangladesh is a land of rivers, interlaced by the numerous
' chennels of the three mighty river systems of the world viz.,
the Ganges, %hééBrahmaputra and the Meghna. Many structures have

been constructed across these river beds. The East—West Inter-

+ L

comnector and the Hardinge Bridge are the moéf important aﬁdng

these constructed structures from the hydraulic points of view.

B {’1



.The Bast-Weat Interconnector, Link between the east
and west power 8rld system of Bangladesh crosses the river
Jumna approximately betveen Ariche end Ragarbari. It consists
of eleven caissons (Fig 1.2). The average depth of foundation
of these caisgson ie 325 £t from the highest water level, which

is considered one of the world's.deepest foundation,
The Hardinge Bridge is a railway bridge over the river
Ganges. It consists of sixteen plere. Plers of this brldge are

sunk at a depth of 160 to 180 £t below water level,

These two examples show that enormous cost has been

‘involved for large length of pilers embedded beyond the scour

depth., In future, there ig probability of some more new structure:
across these river systems will be constructed and large sums of
money will be involved.'lf scour depth is correctly predicted,
then considerable smount of money can be saved. Therefore,it is
felt that there is need to study scour phenomenon around bridge
piers to obtain reliable data for evaluation of scour depth.

Considering the above fact, the present study has been
undertaken to prgdict'scour;aépth,for different shapes of piers
on vafiable héd materials ﬁnd flow.conditions. Fleld data of
Hardinge Bridgé'and Bast West Interconnection will also be
collected aﬁd analysed along with the experimental data and
will be compared with thQ potential predictors of scour depth.



1.3.0 Objectives of the Study:

The safe and economical design of bridge pier, caiseon
‘eto. requireg accurazte prediction of the maximum expected scour
depth of the stream bed arcund them. Hence the kmowledge of
probable maximum depth of scour .under various conditions

particularly on different types of bed materials is essential,

With this context the present study has been planned
with the following objecfives:

1. To observe the pattern and depth of scour at the
upstream and downstream of 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 compare the scour depth data obtained in the
laboratory with those of existing field data.
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CHAPTER - T
REVIRW OF LIEERATURE : . “
2.1.0 Int;oduction:

Local scour around any obstruction to the flow is the

lovering of a portion by erosion of the channel bed below an

agsumed natural level or bther appropriete datum, tending to

expoge or undermine foumdationa that would otherwise remain
buried. There are three important agpects of scour which must

be considered ﬁﬁen designing a foundation in an alluvial riverbed.
The first is progressive degradation-of the bed caused by chenges
in river regime. Typiéal cguees of such changes of regime are
chgnnel improvements and congtruction of upstream dams and
reservoirs. The second, is the temporery scour'associated with
the periodic rise in rIVer.staga during flood, or with the ghift-
ing of the thalweg of the stream. The third iz the local scour -
beyond natural riverbed level, caused by an obatruction rlaced

'in.the gtream. It is this last aspect of scour which ig of primary

interest in this study.

Two ‘approéches to the problem of local scour prediction
have been investigated First the experimental approach to deriv-

ing an analytical relationahip which can be unsed for determining

the maximum local scour depth is discussed and the factors affect-

ing the flow and scour around such an obstruction are briefly

. described. The design fbrnmlae rropoged by many of the investiga-

tors in this field are presented and discusgsed. Second, the appli-
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cation of the empirical approach to the local scour problem is

.8tudied and discussed in a gimilar manner.

2.2.0 Mechanism of locel scour:
Any obstruction like pier, caisson etc., placed trang-
verse to the flow gfeatly distorts the flow pattern due to the

concentration of stream lines around the obstruction. The dominant

’ feature'of this flow which develops near the obstruction is the

large-scale eddy structure or the system of vortices. These vortex
gystems are the basic mechanism of the development of local scour
and form an 1ntegral part of‘the flow structure. - They also strongly
change the velocity field around the obstruction.

Depending on .the geometry_of the obatruction and the
pattern of the approaching flow,- the eddy structure-can-be com-

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

the horseshoe vortex system, the wake-vortex system and the trail-
ing-vortex system. '

_ The horseshoe - vortex is formed by the vortex filaments,
transverse to the flow in the undisturbed velocity field which are

-concentrated by the preasence of blunt nosed pier or csisson etc.

.In this, no:vorticity is created by such obstructions. The pier
serves as & focussing or concentrating device for the vorticity
already present in the undisturbed stream. In fig.2.1, the ends
of the vortex filaments composing the horseshoe vortex stretch



downstream i=s shown for a qircular gtructure.

The wake-vortex system (Fig.2.2) is formed by the
rollimg up of the unstable ghear layers generated at the surface
of the pier. This vortex system acts like a vaccum c¢leaner. in

removing the bed material,

" The trailing vortex system (Fig. 2.3) occurs only when the
pier is completely submerged. It is composed of one or more dipg-
crete vortices attached to the top of the pier and extending down-

gtream,

2.3.0 Clagsifications of Scour:
Whenever the rate of supply of sediment in a certain reach

f

; of a_.chaimel.in alluvium 1a less than its-transporting capacity,
- more sediment is picked up from the bed and banks resulting in

! enlargement of the gection. This enlargement of the section to-

ward bed is kmown as scour. Eathematicalﬂy, it can be expressed

R a8 .
L] d - - | ) M
"a'% =qa1 b qu awe ) ase AR (201)
d > . -
vhere, % = the rate of scour in volume per unit time
o g4 = . the capacity of the flow to ti'ansport sediment
i _ out of the scour hole in volume per umit time.
’ ' and Qgp = the rate at which sediment is supplied to the

scour hole by the undisturbed flow,



_nry

-Sconr can be classified as general gcour and local scour.

General scour is the general lowering of the bed througout the

width of charmel in & considerable length of the ‘reach local

scour is the local lowering of the bed in the vicinify of &

hydrsulic atmcturé,._subh ai piers, cailssona, spurs, dikes etc.

For the quantitative prediction of dpeth of acour, _
three classifications may be .congidered baged -on"‘equation( 2.1),

a9,

T - %1 T %2

(&) No scour, when Qg = g0 = O
(v) clear.water-scour,.when.qﬂ> Oand O= Qgp K 91

and . (¢) Scour with 6ontinuous sediment motion, when

. < gy > Y2 ) O

Only case (b) and (e¢) can cause abrupt changes in bed

elevation near hydraunlie structure like pier or caisgon ete.

2.4.0 Cauges of Scour:

A lowering of the stream bed in the vicinity of the
obstructions -can occur from a variety of 'causes'. A useful dis-
tinction can be made by hei:erating the various cauges into general
categories (1) those characteristic of the stream itself, and
(2) those due to the modification of the flow by the ‘blridge cross-
ing or any other tﬁctues. |

The erosive power of flowing water on & channel boundary
is determined primarily by the local shear stress or drag exerted
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by the flow on the bounmndary, aﬁd by the assoocisted velocities
and turbulent fluctuations of velocity mear the boundary. The
relatienshiﬁ of local velocitieé to cross-gectional average
| velocities is complex and depends on depth of flow, boundary
roughness, and channel geometry. Macroturbulent flow phemomena
such as eddies, -helicoidal flow, rollers and surges may alaso be
important factors influemcing scour., Average velocities and
depths therefore give at best & very rovgh indlcation of srosive
power, but calculations bﬁééd on more refined measures are imprac-
‘ticable . for the engineer in many cases. -‘Fig. 2.4 illustrates the
relatiomghips between velocities at different depthe in a wide
stream of fairly regular depth (Keiii,1973).

'The factors which appear to have more effect on modifi-
cation of the flow arq—sizs;of;pbafructiony—ahape of obstruction
and angle of attack. These factors also have effect on the scour

phenomxenon.

2.5.0 Scour Protection:

The need for scour protection can be minimized by locatin
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 &n alignment standpoint of a structure.

Even, the choice among many protective works and other

alternatives, depends on seversal faétors ineluding load-bearing
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requirements, sub-goil conditions sctually encountered, econtmics,
feapgible construction methods and schedules, inspection procedures

etc,

Having estimated the probable loest scour levels, several
choices are open to the designer in selecting the type and elevation

of the foundation. These are

(a) Place the bottom of the pier footing below estimated
lowest scour levels, mak;ng allowance for local scour caused by the
pier shaft and footing and including an approximate margin of
safety. (Fig. 2.5a). | A

(b) Place the bottom of the pier sghaft below estimated
lovest general scour and provide pwotection against local scour
effects (Fig.2.5b). -

(c¢) Support the pier shaft or footing on piles or columms
sunk well below lowest séonr levels and designed %o be secured when
their upper parts are exposed by scour (Fi§.2.50) or protect the

upper parts of piles or columns against exposure by bcal scour.

(d) Conmiruct the pier in the form of a row of pilés or
columng without & footing or solid shaft, sinking these well
below estimated scour lsvels and designing them to be secured ﬁhen
their ﬁpper parts are exposed by scour.
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(o) Protect the spread footing or piles against under-
mining by meana of a gheet pile skirting tied to the fbnndationa.
The skirting must itself be designed against scour and less of

support.

2.6.0 mnalytical design based on the experimental approach
2.6.1.0 Influence of various factors on sgcour:

The effects of the varioua factors upon scour can be
analyzed through experimental investigations. Among verj many
factors' gome appear to have more effect on the scour phenomeron
than others, and the influence of these various factors are

discussed below.

120601 Size Df pier'

Laursen, Inglis, Rlench,( 1962), Shen et 81 (1971) Tarapore
and larras (Acres 1970) 4included the width of the pier as a
variable, in their experimentglly derived relationships for
estimating local scour. From tﬁése, it 1s'reasonabiy certain that
the depth of local scour dépenda-on:the width of 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 increage indefinitely

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

will tend to act more 1like an abutment then & pler. There is no
experimental evidence to indicate the order of magnitude of pier
width at which this trangition may take place.
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The general lack of agreement among the various investigator
on the effect of pier width on local scour indicated that the rela-
tionship between the two parameters is not yet fully understood.

AlT investigators do agree that the length of the pier
does not affect the depth of local séour ag long ag the flow
direction is parallel to the longitudinal axis of the pier.

2.6..25hape of Pier:

In respect'of the effect of various pier nose shepes, all
invegtigatora agree that & pignificant reduction in the depth of
local scour for a given pier width can be realized by streamlining

‘the nose of the pier, the amount of reduction varying with the

degree of streamlining.

2.6.\3 Approach Depth of Flow:
(1962 )

o —leursen

. states that the depth of local scour depends
50lely on the depth of approach flow, and the pier width. Shen

et a1 (1969 -) and Hlench (1962) derive relationships in
vhiﬁh the depth of approach flow is an important parameter.
Tarapore( Aeres 1970) states that the depth of local scour depends
upon the depth of approach flow for low depths of flow, but what

congtitutes a low depth of flow is not made clear,

Chitale(1962) Venkatadri et al and Bata(Acres 1970) found that
the ratio of the maximum local scour depth to the approsch flow,

is a function of the Froude number and hence & fupction of depth
of flow.
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But unfortunztely, the effect of depth of flow on local mcour
is not yet fully understood. It might be possible when a lérge

number of field data are collected and subseauently analysed.

2.6.14 Approach Velocity of TFlow:
Chabert and Enqeldingef (Rao 1974) found that the d1epth of
. geour varies almost linearly with the travtive force for clean
water and reaches a maximum at a value of the tractive force
necegssary for continuous transport. They found that the depth of
scour varied in a4 similar way with the mean velocity as shown in

Fig. 2.6.

Iaursenl (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 follow1ng way

Scour depth oC —QT

where, q is the dischzarge 1nten81ty 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

shovld vary with velocity.

Laursen (1962) states that if there is no sediment supply

to the area of the pier, then the fiow velocity and the grain size

of the sediment comprisins the bed of the charnnel 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 hole; as much material is supplied to

S Ll

the hole as scouring can remove and hence the average river velocity

has 1ittle effect on the depth of the scou» hole.
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2.6, 15 Angle of Attack-
Laursen(1962)0habert and Engeldinger, and Varzeliotia
(Acres 1970) investigated the variation in the depth of local
acour with the angle of.attaék of the approaéhing flow and
céncluded that the depth of scour increases ag the engle of
attéck of the approach'flow Increases. The scour pattern
around piers set at different angles to the direction of flow
8re indicated 1n fig., 2.7 which shows the effect of the angle

of flow or attack on scour depth.

2.6.1.6 Times
Researches cdnducted by -the Iowa Research Laboratory
(Reo 1974) on models and prbto-types on sandy bed bring out that
the acour changes with time. The depth of flow depends on- the
adjustment of bed and silt carrying capacity of the vater current
at different sections. As the scour hole increases in_gize, its
rete of formation decreases, the maximum depth of scour takeg

Place before the first mass of sediment settles in the scour

- depression to induce condition of equilibrium. Coming to this

condition of equilibriug though takes time, will not 1aét due -
to the discharge in the stream being ‘rarely constant for a
auffigiently long period.'Scour can be clear water scour or the
scour with continuous gediment motion.- The diatinction between
these two types of scour and the definition of the eguilibrium
depth of scour, dae’ are shown in Fig.2.8. With clear water
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scour, the equilibrium depth of scour, d 19 approached
agymptotically while there are periodic oacillation with

contirnuous sediment motiqn.

2.6.1.7 Bed Material Size:

Shen et al (1969 ) present data which show no appreciable
difference in scour depths for sands ranging from 0.24 mm to
3.0 mn mean diameter. Ne1110969 ) deseribes experiments which

; indicate that material of approximately 1.5 mm grain size was
j liable to-deeper scour than either coarser or finear material.
There is general agreement amnong all researchers that‘there is

is definitely no dependence on .sand size below O.6mm.

2.7.0 Experimentally'nerived Scour Depth Formulae:
i Qince_the locel scour phenomenon is very complex due to
the involvement of numerous variables, it is almost impdssibleA

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

investigators in the past had studied the effect of ome or

more parameters on the magnitude of scour arourd hydraulic
structures. Mosgt experimental studies have resulted in forulae
intending to predict the dimension of scour depth around bridge

’

piers.

o Inglis(1949 ) has developed a mathematical relationship
from the experiments conducted at the Central Water Power Irri-
gation and Navigation Research Stationm, Popna, Ind1a in the

BN
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period of 1924-1942 with thg objective to determining means

of protecting the piers of the Hardinge Bridge, located on the

river Ganges at Bheramara égainst scour, Geometrically similar
models of Hardinge Bridge piérs were set into the centre of the
parallel sided channel having'a bedﬁof Ganges sand of mean dia-
meter 0.29 mm. Model scales of 1:65 and 1:210 were used, From

this experiment he obtaineq the equation of the following form:

d % o.78
_F‘t_-‘-: 1-70 ( +_) .7 I LI (2.2)
where, dy = total scoured depth below water level in ft.
b = width of pier in £t.
Q@ = discharge per unit width of the approach flow

in £4°78 per £t. width,

As it was difficult to correlate this with the depth of

~-8cour 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 seour in prototypes and work out a

general, empirical relationship. Data were, therefore, collected

. for scour aroung bridge piers ang a4 general relationship was

proposed as follows

il

3 _
2[0.473 (/£ )3 ... eee (2.3)
2 4, (Lacey)

dy

il
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. 8ince Lacey's regime depth, 4, = 0.473 (Q/fé)%
where, Q is the maximum discharge in cusec; de is the maximm

depth of scour below highest flood level; f  is equal to 1.76\/D50.

Hlench (1962) reviewed the model results répdrted 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) could be reduced to the form

0.25
= 1.8 (b/y) ves ' e (2.4)

e
y
where y = normal approach flow depth in ft,.
Blench did not elabbrate on this formula, and it was not

immediately evident how he derived it from ecquation (2;2)..

Chitale (1962) felt that the equation given by Inglis
cannot be adopted for general application because this

relation is not dimensionally correct.
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Bagic exﬁeriments Were subsequently conducted in 1941
with the objective of testing the influence of upstream
deptﬁ and san& diameter on scour around Plers. The pier testead
in these experiments was also 1/65 scale model of that of the
Hardinge Bridge. It was rectangular in gectiom, of length, 1 ft,
width 0.6 ft and semicircular cut and eage waters. The bed of
the flume in these experiments was laid with sand of 0.32mm
While the following materials were used Just around the pier

in succession

Sive number Type of sand Mean size,in mm
1 | . Screened dam sand m= 0,16
- 2 - “wWhite 'V' gand m=0.24
3 Nala sand m = 0.68
4 Nale sand B = 1,51

The sand around the piers was laid flush with the
upstream bed level. A constant digcharge of q = 1 efs per £t

was run and water level was adjusted to get a particular depth

the depths varying from 0.5 to 1.45 £4{. Rach experiment was

1 : continued until final maximum scomr wag obtained roumnd the

pier,

On the baagis of the analyais of experimental data, he
found that Froude number is & better criterion related to the

maximum scour depth. The stafistical equation obtained from
the data is

:B =-0.51 -+ 6-65P - 5049F2 s e (2’5)
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where, d depth of scour below normal river bed in ft.

¥ = Froude Number.

iaursan (1962 ) carried out a very extensive series of
tests on models of a prototype pier. The prototype pier was
about 3 3 feet wide and the models were built at scales of
1:12 and 1:24. Five different sands were used of mean mize
0.44ms to 2.25mm. Model velocities ranged from 1.0 fps to
2.5 fps. The velocity wae_maintained high enough to permit
general bed movement to be fully developed at ell times.
Meagurements of scour were made at the prototype pier during
the passege of three floods. Depths of water in the prototype
river were of the order of 10 feet. Fig.2.9 indicates the

‘degree of conformity obtained in Laursen's experihents,scour

depths in the model being considered to have geometric gsimi-
larity to the prototype and so being merely multiplied by the

éppropriate scale ratio. Wwhile thé model results indicate a

greater depth of scour than measured in the prototype, the two
results approach each other as the depth- of flow increasges.
Using both model and prototype data, and with due regard-for
the reliability of such data, a basic design curve was dréwn
for a squarernosed Pier parallel to the flow. Shepe factors,' _
for varieua pier nose types, were given by Laursen to be
applied to the result obtained from the basic curve, agsuming
the pier to be aligned with the flow._Theae factors have been
applied to the besic curve, and the resulting set of curves

is presented on fig.2.10.
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The curves are meant to be conservative and Laursen
emphagizes that the design curve presuppeses the movement of
the bed material as bed load. Caution is &dvised in the use
of the design curves if a substantisl fraction of the sediment
transport is in the form of susﬁended load.

ghen, Schneider and Karaki (1969 ) conducted numerous
sets of experiments at Colorsdo State University, USA. The flume
used was 60 feet long by é feet wide and a éylindrical pier of
0;5 foot diamefer was placed on & sand be& ﬁith mean bed
material size of 0.24 mm. In addition to their experimental
data thé authors also incorporated in their analysis the dsta
of Chebert and Ergeldinger, 1956, for piers of 0.246 foot
and 0,328 foot dismeters respectively. They obtained the follow-

ing reiationship ‘
0.215

;§= 2 [1»2 (b/y)3] e (2.6)

The relationship is reproduced graphically on figure

C2.11.

Ahmed (1962 ) conducted experiments on models of several
bridge sites of West Pakistan. The experiments were carried out
g0 that there was good general mﬁvement of the bed. The relation~
phip of discharge intensgity to total scoured depth, both arouhd
the plers and abutments and in bends, was Investigated and he .
proposed a formula of the following type:
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g, =k ... L (2.7

vhere the coefficient X is a function of boundary geometry
shape of pier nose or'abutments, characteristics of bed
material and distribution of velocity in the channel section
at the pilers.

Ahmed ( 1962 ) recommended that a value for X of 1.7 to
2.0 be adopted for use in.predicting the total scoured depth
around piers, provided that guide bankp at least equal to the

length of the river crossing were constructed to provide and
maintain straight channel flow characteristics in the vicinity
of the piers, thus precluding the development of severe channel

f

bends and the associated extreme scour depths-in the critical

areag around bridge piérs and ebutments.

Arunachalam (1965 ) in his recent paper reviews several
of the more widely used methods of calculating local scour and
attempts to explain the major differences between them. He claims
that the different reference pointe used by past investigators for
" meaguring the depth of scour is the main cause of confusion surr-
ounding the relative effects of flow velocity and pier-geométry
on local scour. He suggests that the total scoured | depth below

water gurface must be separated into the upstream flow depth,
which is & function of-velocity of discharge and the depth of
i; : local scour below the ambient stream bed which is a function
. of only the depth of flow and pier geometry. He derives a
reletionship for calculating the depth of local scour below
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gsream bed baped on the Poona experiments on the Hardinge
“Bridge piers,ubut rewritten to express the discharge in

terms of depth

-

His expression is

. - a o ' - |
5 . S _ LV- 1|.95 — 1 * o ® . . e . (2-8)
: o b b [ (y/b)17_g__ ' _

\

Arunachalam recommends to use the 'lacey mean depth'

for calculating the upstream flow depth.

Bata (Acres 1970)'iﬁ 1960 reported results of a séries of
experiments on local scour arouﬁd bridge piers. During this
; experiments the general bed movement existed. However, datz on
widths of flume, size of sand, depths and velocities of flow,

; and shapes and sizes of piers tested were not gquoted.

Bata founs that‘the'influence of the Reynolds Number on
local scour was negligible, ag was the diameter of the sand

particleés. Finally he rut forward the following expression

for the limiting depth of loeal scour

d | 2 . _ ' S |
§§_ = 10 [ gy - 52 ] e ce _ (2.9)1

where, D = diameter of sand particle (D

507 -



Tarapore (Acres 1970) established a theoretical method of
calculatinp local scour baged on the potential flow around the
obstruction in the channel. He attemnted to verify his theoretical
findings with a series of experiments conducted in a 12 iﬁbh wide
flume, using a cylindrieal pier two inches in diameter. Since his
theoretical investigations took an advanced rate of bed load

transport into account, it is assumed that his eXperiments were

conducted with a fully active bed. He presents the relationship

* e e - . s m (2.10)
He claims, this equation is valid for large depths of flow.
; However, a criterion for determining wheather the depth is

large is not given. For low depths of flow, the depth of 1ocal

scour was found 30 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

leocal scour at bridge piers based on the experimental reéults

of chabert and Engledinser. The formula given is,

ds = 104‘2 b% L .o . ) L (2.11)

o
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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 %low were given by larras, but are not elaborated
by Neill who has described from the larrag article written in
French. J

-

2.8.0 Empirical Approach of Analytical Design:

In this approach to predict the depth of local scour,

a2 stable or regime depth of flow is estimated for the un-
obstructed river channel using an empirically derived formula-.
and a mtiplying factor then applied to this estimated ~depth

to account for obstructions such asg piers and abutments.

The following description is-based on the approach by
: TLacey and Blench. Their formulae are based on the analysis
of the numerous volume of data obtained from the operation

of irrigation canals in India and Pakistan,

2.8.1 Lacey's Regime Depth Formulae:
Lacey's (4cres 1970) has given an expression for regime
: depth in rivers flowing in alluvium 4in 1929.The equation for

; regime width is,

% ) }
Wy = 2.67 @ ... e (2.12)
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and that for depth

= 0.473 (;g- cee ‘oo - (2.13)

where
| Wé = width of water surface in feef.
Q = flood discharge in cfs
de = Lacey mean depth,feet
fe = lacey's eilt factor, defined by 1.76 \/5;0

Lacey propoged multiplyiﬁg factors to bs epplied to the
"Lacey mean depth" in order to célculatelthe maximum total
scoured depth which could occur in stable reaches with no

obstructions. Pactors are

Condition o ' . Factor

Meximum depth in a straight, sfable reach oo 1.27
| Moderaté bend in the river cee vos - 1.50
Severe bend in the river veo cae 1.75
Right angled bend  eee cos 2.00

For reaches where the width of the river was artificially

. conatricted, 5u0h'as by guide banks, theh"Lacqy mean depth"

becomesg:

!

Same multiplying factors as used on an unconstricted
reach sre to be applied to obtain the maximum total scoured
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depths.

These equations have épparently been checked againgt
actual conditions at stable bridge sites in large sand bead
rivers with good agreement.

2.8.2 Rlench Regime Formulae:

Rench (1966 ) has replaced the silt factor in lacey's
formulae and introduces the  'bed factor!' and a_'side factor'
Blench hag differentiated the nature of channel bed and banks.
His equations for a gtable channel width and depth are:

b if
Wb = (72) Q* o0 .o eee (2'15)
r \+ |
db == (Tsz) Q* s e e L - L L —(2.16)
b .
where
. Ub = Hlench regime width of channel at half depth,feet.

T, = Blench bed factor ' = £, (1 4 0.12c)

f_ = Hlench gide factor . -

f-bo= 1.9 Y%o

discharge in, cfs

' »)
]

; - _ e = bed load charge, messured ag dry weight per second
: - of bed load divided by weight of water flow per
second and reduced to paris rer hundred thousand

f - dy = Mean depth, equai to the crogs-sectionzl area
. divided by Wb- '
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3

Blench suggested the values of fs ag followa:

- Degres ¢f (Cohsgivenass T
. —
. S1ight e oo e 0.1
Moderate ces eve °se 0.2
High cea ces ces 0.3

¥here the river width isg imposed by an artifiecial con-

striction, the depth equation becomes:

3
d, = Aj‘ L . LX sse (2-17)
b .
f .
where, ¢ = unit discharge intensity per foot of width a%
half depth.

Elench proposed the folTowing multiplying factors to-
be applied to the equation (2.15),

Condition Factor
Maximum depth in 2 straight reach ... cee 1.5

Maximum depth in a bend of normal meander’curvature 1.7

2.9.0 summary:
| in attempt ' has been made to review the currentiy available

P literature of local scour. which‘may_bé,guﬁmerised'ag‘follows,

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

Pier width but will not continue to increase indefinitely.



29
2. Significant reduction in the depth of scour for &

) given pier width can be realized by stream 1in1ng the nose of

the pier. <

3. For a given depth of aprroach flow the depth of scour
will vary with the velocity. |

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

of the approach flow increages.

5. Laatly, 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 - TII

. THEORETICAL CONSIDERATIONS

58«0 Introduction:
Iocal scour at bridge pPlers or near the embankment
is the result of vortex eystema developed at the piers or

‘lerge wake vortices (or eddies) set up downsgtream of embank-

ments which scour downstream side of the embankments, the
river bank and the stream bed. The scouring is achieved due
to the resulting development of high velocity because of
rartial blockage of the flow by the pier as geen commonly as
eddies.

The shape of the pier also significantly affects scour
depth because it reflects a strength of the horseshoe vortex at
the base of the pier as observed by Shen, Earaki et al(1969 ).

A blunt-nose pier will cause the greatest scour depth while
stream lining the front emd of the pier will reduce the scour.
Moreover, atreamlining the downstream end of piers will reduce
the strength of wake vortices.

In order to analyse the 1nfluence of pier ehape it is

, advantageous to consider the cross-sectional shape of the piers

and their positions reiative to the direction of the flow. The
variebles affecting depth and location of gcour commonly nsed in
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current practice are:

1. The geometric characteristics of +the piers
1 = pier length parallel 4o the approach flow.

b = pier width perpendicular to the approach flow.

2. The characteristics of the flow,
Y = depth of approach flow
V = velocity of approach flow

dt = depth of scour

3. The characteristic of the fluid and erodible bed

material,

"

fluid density

o0

= sediment dénsity'

L = fluid Kinematio vigcosity

4. Dynamic quantity involved in flow characteristics

g gravitational acceleration

t = time.
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5.2.0 Dirmensional Anelysia:

Mathematical theory and experimental data have
developed practical solutions to'many hydraulic problems.
Important hydraulic structures &re now degigned angd built
only after extensive model studies have been made. Aprlication
of dimensional analysis and hydraulic similitude enable the
engineer to organize and simplify the experiments and to
anelyze the results therefrom. |

s

Where the number of physicel quantities or variables

‘equals four or more, the Buckingham P; Theorem provides an

excellent tool by which these quantitiea can be organized into
the smalleat number of significant, dimensionless groupingsg,

from which an equatiom can be eialuatedf

In this kstudy, the Pproblem -can- be written mathematically
in the following way considering the variables involved in the

system,
f(d‘b’ b,1,7,v, P’ v, 50° f r & t) =0 _ (3.1)

This equation can be non-dimensionalizad by using the Buckingham

;P Theorem.

Here, nnmber of variablea 13 twelve and the number of
primazy unites is three. Therefore, number of dimenszonless

-groups will be (11-3) or 8,



The equation (3.1) can be replaced by the equation

The 7\ - terms of this equation can be establish as follows:

C d
AP L 2L e cee (3.22)
%2 by ey pd, -
7\- 2= l b V fs P "o (3.2b)
A a b c 4
Ng=Y2 b3 v3 )os 3 (3.2¢)
_ a b, ¢ o da |
Wy = 44 vy -‘--4308 4 (3.28)
a b c.. a_
5 . = 5 5 .
7‘.5 = ) ! b 5 v fs “ea e -(3.2e)
7Y6 = DSO b v 8 LI e (3-2f)
37 b7' c7 d7
7T7 = g b Vv PS PR . (3-2%)
. a b, ¢ d. | :
g= t°% p8& g8 JPs 8 . (3.2h)

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 obtained by equéting the exponents
N : of I.L and T. These values of the exponent can be subgtituted

1 in the respective equation angd following 7% - terms can be
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obtaineqd:
. -
t . _ Vb
A b’ 5° Ty
T, = 1pp : e - Dso
. = ¥
7T = Y ; 7( - —v..._
3 b 7 (ay)®
' vVt
N, = %/ £ Ng= Tt

. 107 £ v2 , W P50y
b ’ ’ L
b e £,-Pyp, v T

Ve
) _&! b ) =0 (3-3)
(g7)
Congidering the effect of -sediment density, f;, in the parameter
of submerged weight, y~’= g ( f’ - £ ), its inclusion as an indepen-

dent parametermcan be omitteqd. Therefore subatltutlng X”’ for

d
z( {’ _F ), and solv1ng for relative scour depth, ~%— sy eguation

(3.3) can now be written as,

& _ . (1,1 fv2 VD Do v vt (3.4)
- ’ b ’ 4 ’ 14 ' .
b 21b b PR R

.With‘the bassage of‘time the dimension of a gecour hole

condltlon is approaohed In respect to the present laboratory

set up, to measure the scour depth with time, the flow of water
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hag to be stopped for each time of scour depth measurement,
8o by stopping and restarting the flow, the stabllity of the

~ flow will be disturbed. Therefore, the acéur depth data with
time was not possible fo record with the present available
instrumentation. Due to this the term ;E-has not been con-
sidered in this study. The term -%5— hag not aleo been consgi-
dered as the viscosity, has negligible effect on the scour
process due to the flow being turbulent. Therefore the equation

(%.4) can be reduced to

a 2

v
0 * A
L = fz ( 1/, Y/b, B;Lt YB DSO’ (&y )% ) (3.5)
- L ¥
The particular form of V/ gy)= P, the . Froude number
- of the approach flow is chosen because of the possible é;fects
~of surface-waves on -scour at approach -flow-velocitiee; The term—
.PVQ/ X; DSO’ is in effect also the square of the Froude
SR
Fumber in which D, is the characteristic length, (Fy = v/ (gDso)J
Fy may be termed as the particle Froude number.

For particles of = given shape, for critical or ineipient
condition, shields obtained the following relationship:

Te ., VD
e =f ("Jc ) ehe ces (-3.6)
where, ?:é = critical shear stress = Vg f}

Y = specific weight of sediment
Yy = specific weight of fluid
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D = particle size
V_ = criticel velooity.

Substituting ’C = 72 f{’: in equation (3.6), the expreslion
becomes,

2
Ve

(YB - Yf)Y/F{,

v, p?
""f(Tv ))

V. o ( D Yc:D)
‘Or, | f 7 Y v
(Yg - Ye) Y/f
: vc D ch
or, T =1 (7 —)-)-—)
(&)
From this expression 1% niay be appreciated that ¢ i_or
, , gy
¥, will be a function of D/Y and- ch. Therefore, the (&)

DSO"J D

relative sediment size ~¢—» ¥ill be a function of ¥ or
Fago =V / (g Do ?Thus the equation (3.5) can be written ss

d .
Biz fa ( 1fb' Y/b,Fc,F ) sse see ' (3-7&)
ot £, ( 1/, Y : . -
B—— 2 . ') /b’ch’ Fd) se w L I (347b)
. ' The variations of relative scour depth with these

independent variablea of above two equations have been plotted
- &nd discussed in Chapter V.




CHAPTER - 1V

LABORATORY SET UP_AND MEASUREMENT

4+1.0 Introduction: 7 -

. The present study was carried out in the Hydraulics
and River Engineering Laboratory of the Department of wWater
Resources BEngineering, Bangladegh Univeraity of Engineering
and Technology. The existing Flow Visualisation Tenk with the
vater supply system and néasuring devices etc.were used in
this etudy. A brief description of the facilities and the

experimental procedure are given below.

4.2.0 Flow Visualisation tank: B

The experiments were carried out in a recirculating
flow visnalisation tank—(Fig.4.1).the working section of the
tank was 13.25' x 2' x 0.67'. The tank was moulded from glags
fibre, with steel reinforcement to provide rigidity. It was
comprised of three parts - the inletrtank, the working section
and the reservoir tank. A droptight a@justable overshot weir
'“with upstream sand irap was accommodated within the discharge
tank. A perforated baffle plate had been incorporated into the
inlet tank which distributed the flow evenly across the width
of the flow table.
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4+2.1 Water Supply System:

A centrifugal pump ingtelled mear the tail water tank
of the flume was used to supply water to the test chanmnels.
Water wae allowed to enter the inlet of the channel through
& delivery pipe line from the pump, which after flowing through .
the channel entered into the tailwater tank. It wvasg recirculated
by means of the pump and the process was followed to have &
continuous supply through the test channel.

4+.2.2 Flow Meaguring Device:

A flow meter fitted to the delivery pipe gystem wag
uaed to measure the volums of water flowing through the line.
This meter was provided with the facility of taking fhe volumre
readings with an acouracy of one hundredth of a gallon. The

. vbln;ne of water--passing--through_ for 60 mswconds was recorded'
-and the~diachargaﬁrate*wa'é‘ca.lculated.‘ The time wes recorded
by é stop wateh,

4.2.3 The Ta.ilﬁater Tank:
The tailwater tank at the downstream end of the flume

vas uged as the source of supply of water for the pump. As the
vater was made to recirculate, this tank was provided for settl- -
; | | ing down the gediment carried from upstream. The tailwater level
: vag more or less consgtant by supplying water from the main supply
line of the laboratory.

o
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4.2.4 Flow Entrance:

Water comming from the bottom of inlet tank through pump create
waves at the flow entrance. Ag such, these waves produce initial
thrugt on the mobile bea during'initiation of the test run. After
several trials by stone pitching at the entrance, the initial
thrust on the mobile bed wasg avoided. The triels indicated a 6
lengsth stone pitching with one layer thickﬁéss of 4" and thig
p601f1cat10n wag provided aavgs the bed a2t the entrance to the
charnel (Flg. 4.2). Stone pitehine also helped for slow tran51t10n

of velocity from the entrance o 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 maintained for
other test runs. The general photographic view of. the initizl flume

bed is shown in Fig. 4.3.

4,2.6 Bed Material:

Three different types of sand were used as bed material.Their
median sizes were 0.19 mm, 0.40 mm and 0.94 mm,” One sample of bed
material (DSO = 0.19 mm) was collected from the Jamuna river near

Aricha Ghat at which the EBast-West Interconnector crosses the

i  : river Jamuna. The Wide variz tlon in median sizes (DSO) of three
. bed matnrlal wag choosen to observe clearly the effect of bed
materlal sizes on scour depth. Size distributions of the three

o bed material samples were found out and were shown in Fig.4.4.
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4.2.7 Discherge ang Tlope:
Different discharges for which test rumns were conduoted
were 0.13cfa, 0.17 cfa, 0.20c£a and 0.24cfsg. For each type of

Pier and bed material, slope and discharge were maintained con-
stant for a particular test run.

4..2.8 Pier Shape :
Four different shapes of piers were used in the gtudy.

They were-—-rectangnlar;--'circular," round nose and aharp noge
Fig.4.5- showg the different shapes of pier.

The geometric characteric-of plers are described by
length, 1 width, b. The values of '1§ngth-—width ratio for four

different piers are given below in the tabular form

~ Relative lenzih,

 Type of pier length 1
= o b
Rectangular 3.00
Cilrcular ‘ : 1.00
Rournd noge . 3.00

Sharp noge 3.00

4 «2.9 Measurement of Scour Depth:

A moveable bridge with & point gange mounted on it vag
used for taking measurements. The bridge waa operafed manually
over a rail placed on the top of the twvo side railings. The point _
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the test run was continued until these readings were found

not variable.

¥hen the test run achiaved the stable eonditibn,

one particular type of pier was placed in such a way that the
— vidth of the pier was perpendicular to the flow. The location:
of the pier was approximately middle of the working section.
After the pier wes 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 erosion or deposition in the scour hole. This was
confirmed through visual observations. Then the channel and

gscour hole were carefully drained.

Contouxs within the scour- hole and - deposition region
were marked at 1 cm- intervnlaT—relative to~the mean water level.
Mean water level wag measpured by a pointfgauge‘reading_onithree
different places marked earlier and was taken ag the average

of the point gauge readings.

Three sets of rune were conducted for é particular
type of pier. Bach set contained four test runs for four
variable dischiarges for a particular type of bed material.
iherefore, twelve sete of runs were conducted for four

different types of piers totalling forty eight test runms.



CEAPTER - V

ANALYSIS OF DATA AND DISCUSSIONS

5.1.0 Introduction:

Fhenomena involving scour around bridge piers have
been studied in the laboratory and data collected from experi-
pments have been plotted and anmslysed on the basis of the theo~

retical approach as described in the previocus chater (Chapter IV).

The variations of relative scour depths, dt/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 oleardinge Bridge and the East-Weﬁt
Interconnector have also been collected and plotted on the
basis of empirieal equations forwarded by Inglis (1949),
Blench (1962), Shen and Othera (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,
cireular, round nose apnd gharp nose) on different bed materials
and discharges were collected. The mean diameter (i.e. DSO) of
the various types of bed material ‘&hdsen. for the study were

0.19mm (the Jamuna river bed near Aricha), 0.40mm and 0.94mn.
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Different discharges for which teat runs were conducted ranged
between 0.13 cfes and 0.24 cfs. The flow con<itions for the
various rung and the results obtained in these test are sumuari-
zed in Tables 1 to 4.

(b) Field Data: Data of Hardinge Bridge and the East-vest
Interconnector were been collected. The Hardinge Bridge
% ‘ (1% miles long) is & railway bridge link between the Pakshi
E (Pabna) and Bheramara (Kushtia) over the river Padma. The
scour data around bridge. piers had.been_taken from_the records
of three consecﬁtive yéars viz., 1976, 1977 and 1978 as shown
in Table -5. Observations around piers of the bridge shown in
Fig. 5.1(a) were made with the sounding method. Sounding &nd
surface velocity data were also taken at five different points
in between -the two piers as shown in Fig.5.1(b). The shapé'of

the plers were round nose.

The East-West Interconnector crossed the river Jamuna
apprroximately in between Aricha and Nagarbari, It consisted of
.eleven circular caissone and all were not located in the main .
river. So, scour data were available only for gix calssons.

These are shown in Table-6. Bed material samples Had been

- gathered (Dgp = 0.19mm) and their size distributions shown
in Fj-go 4.40
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5.3.0 gnalysis and Discussions:

The effect of Froude number, F, bed material,'D50,
relative approach &epth? 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
againgt Froude MNumber in Figure 5.2. The relative length of

the pier, 1/b was also indicated for each type of pier.

The relative scour‘depths,_gi'wefe plotted against
flow Froude number, F[= V/(g&)%] ° in Figure 5.2 and Figure 5.3
show the plots of relative scour depth dt against the partlcle
Froude number, F [f V/(gDSO) J Figure g 2 (for four glfferent
shapes of pier) show +that relative - secour depth, F— increases
with the iﬁcrease of Froude Number, F ( ‘or velocity). This
can be explained in the following way. If the stream
velocity is increased, +then ﬁhe .strengthl of the scour
mechanism increases, that is, the sediment fransport
rate into fhe 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 Fumber. Fig, 5.2

also show that for an increage of 0.1 in the value of Froude
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ﬁﬁmber, the relative Scour depths dt/b aleo increase by 0.%,

5 0.5 and 0.56 for coﬁrae (D50 = .94 mm) medium (D50 = 0. 4mm

’ 8nd fine (D5, = 0.19mm) sand respectively. The increase in
the relative scour depth dt/b for fine sand is meximum (i.e.,
1344 compared to the coarse sand. While the inerease in the
medium sand is only 78%) . Thus, the relative scour depth, d, /b
is higher for finner s8ize of bed material and gradually decreases
ag the coarseness of the bed material increases. This is also
geen for other shapes of pier as shown in Fig, 5.2. Jain-et =21

(1980) ailso found similar trend in their experimental results,

To observe the effect of particle Froude number,_Fd
on the relative scour depth-dt/b Fisure 5.3 have been
Plotted. From these plots it has been observed that relative
scour.depth,dt/b increases with the increage of particle.. . ..
Froude number. Congidering fig..5.3. it ig seen- that the
relative scour depth, dt/b increases by a value of 0.2 for

coarse materlal, 0.24 for intermediate material and 0.26 for

coarsen materisl for a change of the particle Froude number
value of 0 50, It is evident from thig that the rate of increasge

in relative scour depth 1s legper for flner material and gradus-

1ly increages as the coarseness of the bed material increases,

B " ©  This is also seen Tor other shapes of pier as shown in Fig 5.3,
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The relative scour depths, d, /> were pletici pogimst
- eritical Froude number, F, = Vc/Igy)% i Tﬁiguré..5.4; .
Considering this figure,it has boen observed that for 0.05
increase of eritical Froude number, the relative scour depth,
d /b increases by 0.34 for coarser material, 0.46 for initer-
mediate material and O, 52 for finer material Therefore, the
effect of critical Proude number is more 1n cagse of finer bed

material compared to inte;pgdiate and coarser bed material,

Fig. 5.5 show: the plot of relative scour depth,
' dt/b againgt the particie critical Froude number,F, =V /(gDSO) This
rlot shows that the relative scour depth, dt/b also increases
¥with the increase of critical particln Froude number, ch.

 5.3.2 Effect of Approach depth on Scour Depth:
The variations of relative scour depth, dt/b agalnst
the relative approach depth, y/b for four different shapes of

pier are ghown in Figure 5.6 ., .. The relative scour depth
increases with the increasing relative approach depth Referrin g
to the Fig. 5.", it has been observed that the relative scour
depth, dt/b increases by 0. 24, 0.24 and 0.28 respectively for

fimmer, coarser and intermediate bed material sizes for 0,1

; o 'increase of relative approach depth. From these values it. may
be inferred that the relative approach depth has considerable

effect on relative scour depth.

The ratio of maximum scour depth to the approach depth
_ fcr ell shapes of pier for the present study range between 1.30



and 2.33 and the average value ig 1.95, This reletiocn of
acour depth, dt and the epproach depth, y is very close to
the relation sarlier given by Inglis (1949) ag, 4 = 2y.
There is a discrepancy of only 2.5% between vhe value given
by Inglis and the average value obtained from the date of
the present study.

5.3.3 Effect of Piers Shape on Scour Depth:

Four different shapes of riers such as rectangular,
circular, round nose and sharp nose (Fig.4.5) ‘were used i
this study. Figs. 5.7 to 5.18 show the scour rattern around
the different shapes of pier for specific discharges and bed

material .

The maximum scour depth, dy haa been observed og
0.33 £t in case of rectangular piez'embedded in finer meierial
(D50 = 0.19mm) for a dishcarge of 0.24 cfg whereas for the
same digcharge and in the same bed materiml, the minimum scour
depth has been obgerved as 0.24 ft in cage of sharp nose pier.. -
Thus it may inferred that the sharp nose pier can be congidered
a8 quite efficient from the hydranlie roint of view. For cir-
cular pier, the scour depth is lesser than the rectangular
and 1t 4g higher for the round nose compared to the sharp nose

prier.
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For rectangular piers the devélopment of scour covered

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

where 1 is the length of the pier. Laterally the scour spreed
over & disiance equalled to the length of the pier while along
the flow direction the spread is only %1.

Deposition has been observed in the downstream end
of the piler. This depositioq.sometimes has been observed in a
distance of {-2cm from the frailing end of the plier. A typical
plot of scour depth contours for rectangular pier is shown'iﬁ
Fié. 5. 11. Scour patterns for circular, round nose a&nd sharp

.nbse are 8lso shown in Figs. 5..13 and 5.10 respectively. In
cage 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 approximateiy half of the pier length jin upstream
and lateral directions from the pier face and full length of
pier along the downgtream ‘direction from the upstream face of
the pier. Deposition has also been observed in the downstream
side from the trailing end of the pief;‘In_case of sharp nose
pier, scour coversge area is one third of the pier length in
upgtream gide and peven-eight length of the pier in the down-

" gtream direction from the upstream face_of the pier. La£era11y,
it covers approximately a diétance bf half the pier length.
Little deposition has'been also obéerved'in the downstream
gide of the pier.
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The maximum equilibrium depth of scour for all types
of.pier is observed at both upstream and downsiream side of
each pier type. Several photographs showing scour patterns
around.piers are also shown in Figs. 5.19 and 5.20.

5.3+.4 Comparipon of Fleld Data: ' -

The scour data for Hardinge bridge and Eaat-Wesf
Interconnector are plotted in. Figs. 5.21 to 5.26 on the
basis of the analysis given by Elench (1962), Inglis (1970)

and Shen et al (Acres 1970). This has been done to compare the
‘field data with 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 data respectively and the gstatis-
tieal ‘equations—obtained from these are given below in the
tabular form

2.

Rame of thb

Relationships obtained on the basia
Investigator :

of present field data

Eardinge Bridge East-West Intercon-|
nector |

 Hench (1962) d,/y=1.8(b/y)"" 2ﬁt/y—1 820/9)° 7 g sy se 95312
ces  eea(2.4) ... ess  {5.1) : cee (5.4)

Equations

Inglis (1949) 4,/b=1.70 -~ &./b=1.34(q5/b)!-07 dt/b=1.2_3(q§/13)
| (*/b)o.??(z, 2) =+ e Ge2) 0 (55)
- 0.25
Shen et 81(1969) d_/y=2 215 4g/7=8.91 [Fz(b/y)BJ a,/y=1 .768
E?a(b/y)ﬂ ees (5.3) [F (b/y)ao
ees(2.6) vee (5.6)
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Though there are differences in views regarding the effect
| of sediment size on scour but comparing equation (5.1) with
; (5.4)‘1t ie evident that the scour depth has a gignificant
| effect of sediment size. Garde and Raju (1978) in their
studies also shoved a significant effect of sediment gize
on scour depth. Putting q = 369.93 cfs/ft., b = 37 ft. and
= 44.5 ft., in equations_s.j end 5.4, the scour depths
Tfor Hardinge Bridge and Rast-West Intercomnector turn out
as 1.58 ft (Egn.5.1) and 1.30 £+ (Eqn.5.4) respectively and
the observed scour depth, dt/y = 1,60. The mean diameter, D50
of Bardinge bridge is O. 1 4mm (Personal communication with
Dr.A. Rishat) and for East—West Interconnector is 0.19. From
this it is evident that scour depth is more in finer material

compared to the coarser material,

Equations (5.1), (5;2) and (5.3) are for Hardinge
bridge while equétionsr(5.4), (5.5) and,(5.6) are for Eagt-
West Interconnector and shown similarity to equatioﬁé (2.4),
(2.2) and (2.6). Only differences are in constants and in the
value of the index.pdwer. Comparing equation (5.2) and (2.2),
it is found that the variations are 21% and 37%)in the values
of the coefficient and index power regpectively. Similerly,
comparing equation (5.4) and (2.4'), the variations are found
23% and 19% in the velues of the coefficient and index power
respectively. Figs. 5.21 to 5.26 also show the trend of deviation

with equation (2.4), (2.2) and (2.5 ). These deviations may be
due to the following reasons:
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(2) Development of the empirical formulas from the
srall scale laboratory 1nVestigations where many parametera
were kept constant, while the conditlons differ under field

conditions.

(b) Conditions and nature of bed material may vary
conslderably at ditferént points and depths, data for which
need td beamonitored-ca;g?plly.

(e) The scour also depemds on the skewness of the
flow and on the state of flow i.e., whether the flood is
rising or falling. Precise obsarvatiéns regarding direction
of current and state of flood should be recorded properly.

5.3.5 Comparison.-of Field and leboratory-pata: -

' Bupirical formulas of Elench (1962), Inglis (1949)
and Shen et al (1966) havé been used to predict the seoour depth
(using the field and laboratoﬁy data). Observed scour depth in
field and laboratory has been compared with the predicted scour
depth by various formulas mentioned above. Figs. 5.27 to 5.32
are the plots of observed scour depths and the rredicted scour
depth. Thig study has been possible for round nose (Hardinge
Bridge) and circular pler (Bast-West Interconnector), as the

field data for other types of pier were not available,




I5.3.5;1 Round-nose Piers: : _

‘ The observed scour depths and the scour depths
predicted by various formulas for round-nose pilers are shown
in Fiéa. 5+ 27 through 5.29. Hlench's relation (Fig.5.27) mostly
overpredicts the field data whiie the experimental data shows
good correlation though the data cluster round a small zone.

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

Fig. 5.29 shows the Shen et al's relation, where all
the experimental data were o.ve'rpredicted 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. |

Ry comparing these figur-ea, it may be concluded that
the scour 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. 5.3Qlthfough 5.32 shows the comparison
; between the observed scour depths and the scour depths

predicted by various formulas for circular piers.

Elench's relation (Fig. 5.30), overpredict the
most of the field date and under predict the most of the
experimental data. Fig. 5.31 shows the Inglis's (1949)
relation, where all the eibéiimental data were underpredicted
irrespective of the mean grain gize. Field data were evenly
distributed along the line of perfect agreement. In Shen et al's
(1966) relation (Fig. 5.32), all the experimental data were
overpredicted whereas only few of the field date were in the

underperdicted zone.

Elence (1962) relation (Fig. 5.30) in case of circular
piers also found to be the best predictor among those compared

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

compared to others.




CONCLUSION AND RECOMMENDATION

6.1.0 Conclusions:

The analysis of the Laboratory and field date on scour
around bridge piers for different shapes and flow conditions as

reported in the present study gives considersble support to the
following conclusions: '

1) The maximum depth of scour is developed in rectangular
type of pier followed by circular, round nose and sharp nose.
‘Similarly, the marimum aresa of scour in_plan form follow the same

sequénce ag the scour depth. Since the scour depth and area of scour
in plarn form &re minimum for sﬁarp nose plers, their use may be
- congidered mosgt benefioial from the hydraumlic consid.erations.

2) The meximum scour depth may occur either at the

upstream or at the downstream of the pier depending on the shape
of pier,

- 3) The scour depth is higher in case of finer hed
materinl and gradually decreaaeé ae the coarseness of the bed

material increames. Thus, sediment size has considerable effeot

on the depth of scour.

4) The relative scour depth, dy /b increases with the
relative approach depth, y/b. In average, the ratio of maximnm

geour 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
end index power for the equatioﬁs of the formly = ax? (where Y and X
are variables, a is the coefficient and b is the index power) but
the eguations derived from fiela data are almosf.identical with
those derived by Inglis, Elench'and Shen-et al. The change in the
values of the coefficieﬁt, a and index power, b ig due to various
factors involved in the flow phenomenon around piers together with

- the constraints in the range of data.

6) Scour prediction by Hlench formula indicates better corre-~.

lation compared to other formmlae .

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

by incorporating the followings:

1. In the present study, the scour pheﬁomenon 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 Jlaboratory study has been conducted in cases of
circulear and round nose type of piers and the results have béen
compared with the circular and round nose plers of the Bast West
Interconnector and the Hardinge Bridge regpectively. Small scale
studies for wider range of discharge in a broader tilting flume
_may-be conducted to COmparé the fileld data of scour under similar

conditions.

3. The effect of the flow direction with respect to the pier shape

and position may be studied.
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FES3 s Rough beg

Fig. 2.4 The vertical velocity profile and approximate -velocity ratios
in a wide straight channel with a rough bed. The timeaverage bed
shear stress ¥dS where ¥ is the unit weight of water. The surface

velocity Vg is about Fi-12 times the mean velocity Vi,. The bottom
velocity V, is wusually in the range 03-07 times V. The bottom
velocity (time average value)is somewhat ill defined because of

the steep velocity gradient and the strong turbulent fluctuations

Particles on the bed experience fluctuating lift and drag forces
even when the surface velocity 1s fairly steady.
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My o Estlmuted T
Estimated ™, | =™ Riprap 5
worst apron : local scour
local seour
{ a) (b} : {c)

Fig.'2-§ Various ways of catering for scour in the design of pier foundations
(a) bottom of footing placed well below the estimated fowest scour level

(b) footing placed below the general scour level and protected by riprap
apron against local scour

(¢} pier supported on piles designed to withstand the exposure of
their upper parts, with alternatives.
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different angles to its alignment .- Depth of flow as unity.

Scour with continuous

Clear water scour Sediment Mation

~ Scour Depth dg

Time Time

FIG.2.8 TIME VARIATION OF SCOUR DEPTH




7.

6 ° o o/’" e
[ ]
e /
- 00 o o e b /
.U‘ns 0T - ,—X
- o o //. . T R /
% FA ° ? 4/ // /__J __——"'—‘—.
O r4 "t
lLf)) /"-—-—' ot c—T /
I3 o T | "

1’-—".

O - L.
w 2
O .
I
-
0.
(VT
O

0

2 3 4 5 6 7 8 Q 10 1 12

DEPTH OF APPROACH FLOW, vy, FT.

LEGEND

[~ MAY JUNE 1954
PROTOTYPE - FLOODS- -  JUNE 19%5L

i AUGUST 1954
MODEL RESULTS B _
( SCALED UP GEOMENTRICALLY © 1112 MODEL
TO THE PROTOTYPE ) e 1:24 MODEL

FIG. 2.9 MODEL-PROTOTYPE CONFORMITY FROM LAURSEN'S
INVESTIGATION




3.0
PIER NOSE SHAPE
) — 1.00
ola — )
/ / (} 30
" 2.0 /// Q. -80
o ’ G 75
/———_—-———
R e =
|
3 //
S L 10 L9
n i
(@] T l
—
z|8 |
o= |
L
o |
0 |
0 10 20 3.0 L0 5.0 6.0
DEPTH OF AF’PROACH.FLOW__ y
WIDTH OF PJER b
7 T I L/b=16
MULTIPLYING FACTORS »
61 FOR ,/,/
i ANGLE OF ATTACK // 12
| 5 |- ] ] 10
o 30; \ \.«/\J//// el ‘ 8
///,//

|\

O

T .

M\
\

MULTIPLYING FACTORS
s

0 15 . 13 45 60 . 75 90
‘ ANGLE OF ATTACK

l FIG.2.10. DESIGN CURVES FOR CALCULATING DEPTH
| ' OF LOCAL SCOUR AT _BRIDGE PIERS.




-]

-

§e%£mo

Q215

FIG./ 2,11 DESIGN CURVE _FOQR

CALCULATING DEPTH OF
LOCAL SCOUR AT BRIDGE
PIERS

103

; 102
FEd)

FLOW PARAMETER

LEGEND
SOURCE

o COLORADO STATE

UNIVERSITY

° CHABERT AND

ENGELDINGER .

® CHABERT AND

ENGELDINGER

10 10

SAND SIZE Dgg mm
024
0-26

0-52

A



b |

[ 5588mm LENGTH)

[ 2000 M.M.)
66"

laf_“u

FLOW_ P ED

L

{1000 M. M.

. PUMP L ,,/l,’

N d— '

" ("L’lh—ﬂh -
[ i NG N

{T0mm)

LSTILLING TANK \ R oo N
FLOW METER L -

FLOW VISUALISATION TANK

Jr' = ) O (fF el
1 | r H
1 | 1
| 1 1 l ‘% |
] . | . l. |
| : - - ‘ '
-1 I :
iy ‘ I e j \ ) RESERVOIR . |
‘ _ : _ TANK |
WORKI 1
[ ORKING SECTION —— . S
1.0

LINLET CTANK

PLAN. OF VISUALISATION TANK

FIG, &4F FLOW TVISUALISATION TANK

- - [TV RGP VOO




|

FIG- 43 GENERAL VEW OF FLUME BED



-passing —_—

" Percent

100

-~ @ O
o o o

(=]
[ = ]

50

L0

30 |-

20+

_0.'] |

Material ®- DSO: 0-S4mm

wo- ®,DSO-O-LO mm

o @,-DSO=0-19 rn.r.n

Material @

50 ‘ 1-0 06 O

5 03 02 0

Particle size in .mm

FIG. 4 -4 GRAIN SIZE DISTRIBUTION

06

74



L, LENGTH OF PIER =0-492 ft
b, WIDTH OF PIER =0-164 fi

l |
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TABLE - 1
Type of Pler : Rectangular b, Width of pier = 0.164 £t
: 1, Tlength of pier= 0.492 ft

Sediment Discharge Average Channel Average Maximum Critical

Run gize Omeax Approach width  velocity, scour velocity
- No.  Dgo(mm) (cf5) depth y B,(ft) . ¥ ~depth o _
(£t) (ft/sec) from W.L.'c V&,
. dy, (£t)

1 2 3 ! 5 b 7 B
1 0.94 0.1295 .0837 2'-0"  0,7736 . 1640 1.2775%
2 0.94 0.1648 .0919 2'=0"  0.8966 .18T7 1.3844
3. 0.94 0.2001 .0991" 2'-0" 11,0100 .2067 1.4769
4

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

17 0,40 0.1295  .0978 2'-O0" 0.6630  .2066  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

33 0.19  0.1205 L1148 210"  0,5640  .2431  1.2775
34 0.9 0.1648  .1286  2'-O"  0.6407  .2756  1.3844
35 0.19 0.2001 = .1381% 2'-0"  0.7245 .3057 . 1.4769
36 0.19  0.2354  .1476  2'-0"  0.7974  .3326  1.551
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Froude No. Critical Particle Critical

P - v//g Froude ¥o. Froude No. Partial a/b I N
. FoVc &Y Fy =V//&D50 qu ¥ I}m
J&D5q
3 . 10 11 12 13 14 15
0.4T12 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
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  O.7T1  2.27
L 0.4711 0.7781 4.5917 7.5845 1,776 0.772 2.33
0.2953  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
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TAELE - 2

Type of Pier : Cireular b, Width of Pier = 0.164 f4
Sediment Discharge Average Chammel Average dt Critics
Run gize Qe approach ¥Width, velocity, Max velocit
No. D, (mm) D&% depth,Y B,ft v o -
20 (cts) (ft) £t /sec gg;:ﬁ Vo=l
from V.I.
(£4)
i 2 > g 5 3 7 B
6. 0.94 0.1648 0.0942 2t-0n 0.8747 0.182 1.3844
7. 0.94 0.2001 0.1014 2'-0" 0,9896 0. 2001 1.4769
219. 0.40 0.1295 - .0984 21-0n 0.6580 1926 1.2775
22, 0.40 0.1648 .1030 2'-0On 0.8000 «» 2280 1.3844
23, 0.40 0.200% .1142 2'-0n 0.8761 . 2592 1.4769
38, 0.19 0.1648 -1267 2'-0On 0.6504 .2510 1.3854

40, 0-19  0.2354 . .1493° 2'-0"  0.7883. . .3199  1.5501




111

TABLE — 2 (Contd.)

Froude No. Critical  Particle Critical a4
F=V/. /€y Froude No. Froude No. Partial t/b Y /b dt/
F =Y./ V& Fd=v4§ﬁ;0 Froude No. -

Fac=Te//EDs0 -

3 10 T 12 13 LS TS
0.4858  0.7861 2.5052 4.0539 0.973 0.494 1.94
0.5022  0.795 2.776 4.393 1.1 0.574 1.93
0.5485 0.819 3.140.. 4.687 1.22 0.616 1.98
0.5901  0.839 3.481  4.948 1.35  0.654 2.07
0.3697 0.7177 3.2010 6.2147 1.17  0.60  1.96
0.4393 0.7602 ° 3.8917 . 6.7346 1.39  0.628 2.15
0.4569 0.7702 4.2619 7.1846 1.58  0.607 2.27
0.4611 0.7781  4.4944 7.5845 1.75  0.780 2.30
0.2907 0.6624 . 3.9570 9.0170 1.27  0.704 1.80
0.3220 0.6854 4.5908 9.7716 1.530 0.798 2.0
0.3508 0.7052 5.1851 10.4245 1.76  0.856 2.12

0.3595 0.7111 5.5641 11.0047 1.95 C.938 2.14




Type of Pier

TABLE - 3

Round-~-nosge
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b, Width of Pier = 0.164 f¢

1, Length of pier= 0.492 f%

Sediment Discharge Average Channel Averagze Maximum Critical

Run Size Qmax Approach width,b velocity, scour velocity
o Dso(mm) (cfs) df?ﬁ?'y i ftysec. %ﬁgzhw.n. Ve= /&¢
| dy, (£t)

i 2 3 ! 5 & 7 B

9. 0.94 0.1295  ,0824  2'-0" 0.7858 .1469 1.2775
0. 0.94 0.1648  .0935  21=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
5.  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
49,  0.19 0.1295  .1165  2'-0O" 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 0.255¢  .1482  2'~0m 0.7942  .3084 1.5591
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TABLE - 3 (Contd.)

Froude No. Critiecsal Particle Critical d
P=V/ /ey Froude Ko. Froude No. partical +/b Y/b 4, /Y
F =V_//BY F.=V//gD-n Froude No. -
de~Ye/VEl50

9 10 K 12 15 1 5
. 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




IARLE - 4

Type of Pler : Sharp -nose b, Hidth of pler = 0.164 £t
: : 1, Length of pier = 0.492 £t . |
- i
|

i

&

| !
114 g
i

i

Sediment Discharge Average Channel Average Maximum Critical,

Run Size " Quax Approach Width,B velocity,scour velocity'

No.  Dgolmm)  (cfg) d??ﬁ?'y (¢} (f£3sec) 33§$hw.L. Vo=
dg(£t) f

1 3 3 4 5 6 T 8

13. 0.94 0.1295 . 0837 2'-0"  0,7736  .1329 1.2775

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

5.  0.94  0.2001  .1017  2'-0"  0.9838 .1614  1.4769

16- ' 0094 ) 0.2354 - 01076 2""0" 1-0939 -1837 105591

29- 0.40 001295 o®84 2""0"I 006578 01706 1 02775

© h e e e b——— -

30. 0.40 0.1648 .1056 2'=0"  .0,7803  .1969 1.3844
31. - 0.40 0.2001 .1181 2'-0" . 0.8472 .2228 1.4769
32. 0.40 ~ 0.2354  .1283 21-0" 0.9174 . ;2452 ~1.5591
45. 0.19  0.1295 - ,1204 2'=0n 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'=0"  0.7799  .2356  1.5591




TARLE - 4 (Contd.)
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Froude No. Critical Particle Criticel dt /b /b dt /T

=V /ey Froude No. Froude No. Particle

F =V //& F.=V//€D-, Froude No

c ¢ d 50 F. =V /f‘i)
de”'e/YEY50

3 70 71 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.T1
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 7.1847 1.358 0.72 1.89
0.4514 0.7671 4.4628 7.5844 1.494 0.782 1.9
0.2731 0.6488  3.7960 1 9.0170 0.96 0.734 1.30
0.3271 0.6890 4.9486 10.4245 1.30 0.87 1.49
0.3538 . 0.7073 5.5048 11.0047 1.436 0.932 1.56
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TABLE -

SCOUR DATA OF HARDINGE BRIDGE

Date of Mean Mean Maximum  Maximum Approach

s S v M T e S S ¢
mean sur- from below
face velo- water bed

| A B R

i 2 3 A 5 3 i
'1. - 10.8.76 6.90 5.87 74.5 14.0 60.5
2. 24.7.76 5.97 5.08 66.6 13.6 53.0
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 6.2 79.0 20.0 59.0
6. 25.8.77 7.19 6.11 66.1 8.6 57.5
7. 4.8.7T7 8.18 6.95 70.8 14,3 56.5
8. 21.7.77 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 3.9 63.8 33.8  30.0
11. 19.7.78 5.26  4.47 69.9 53.9  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 30.73 49.0

19. 30.8.78 - 9,00 7.65 87.% 21.8 65.5




TABLE — 5{(Contd.)

d /b Y/ Froude TFo. Discharge
r( = V(e)i]  ESRmat
q( = vy)
;] ) 10 11
0.378 1.635 0.1329 354.83
0.368 1.432 0.1228 268.95
0.724 1,203 0.2172 369.93
0.322 1,905 0.1368 459.625
0.541 1.595 0.1426 366.59
0.232 1.554 0.1420 351 .41
0.386 1.527 - 0.1630 392.85
0.184 1.486 0.1442 333.79
0.770 0.959 0.1043 125.23
0.914 0.811 0. 1283 119.59
0.916 0.973 0.1313 160.96
0.795  1.095 0.1349 197.26
0.673 1.324 0.1064 297.00
0.892 1.284 0.0850 157.87
0.500 1.486 0.1646 381.01
0.743 1.486 0.2036 471.24
0.368 1.676 0.1630 541,64
0.819 1.324 0.1438 279.89
0.589 1.770 0.1666 501.08

17
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TABLE - 6

SCOUR DATA OF EAST-WEST INTERCONNECTOR

118

Cai- Date of

—

Maximum Velocity, Maximum Maximum Regime
eson Scour depth Water v Scour Scour depth,Y
No. obgervation Surfece. (fps) depth below %fti

level from top Water :

from of the 1level

Mean gea caisson dt(ft)

level
1 2 2 4 o 6 Il

11-8-83 +27.60 4.50 45'=0" 33.10 16.82
29-7-83 +27.503  4.75 43'<0v  31.00 18.30
21-~9-83 +31.60 3.75 331-0" 25,10 12.65
8-6-83 +17.807 4.38 430"  21.307 16.12
19-7-83 +25.960 6.00 53'=0" 39,46 26.36
11-8-83 +27.60 5.80 541-0" 42,10 25.00
21-9-83 +31.60 2.25 531-0" 45,10 5.69
8-6-83 +17.807 6.69 57'-0" 35,307  31.25
19-7-83% +25.960 6,50 56'=0" 42,46 29.87
29-8-83 +27.30 6.00 55'-0" 42,80 26.36
21-9-83 +31.60 4.50 60'-0" 52,10 16.82
19-7-83 +25.960 4,00 62'-0" 48,46 13,09
- 8-6-83 +17.807T 4.32 59'=0" 37,307 15.78
17-8-83 +26,290 4.00 60'-0" 46,79 13.99
+ 24-9-83 +30.50 1.50 35'-0"  26.00 3.02
4~6=83 +18.331 5.66 607'-0" 38,831 24.06
19-7--83 +25.96 8.00 66f—0" 52.46 41.32
13-8-83 +27.303 8.24 65'=0" 52,803 43.35
24-9-83 +31.11  5.00 70'-0%  61.61 19.82
29-7-83 +27.503  4.00 521-0%  40.003  13.99
17-8-83  +26.23  4.50 551-0% 41,73 16,82
26-9-83 +30.775 4.25 ~60'-0" 51,275 15.38




TARLE - 6(Contd.)
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holor boRh 4/ Y/ Fromse  DIRCTE
%e'f}t) (=V//&y) width
s a(= vy)
=: 5 10 K 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
39.41 1.126  0.163 0.166 12.803
4.057 0.116  0.893 0.211 209,063
12.59 0.360  0.853 0.210 194.155
16.44 0.470°  0.755 0.206 148.160
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 0.192 68.170
32,800 0.937  0.399 0.188 55.960
22.98 0.657  0.086 0.152 4.53
14.7T1 0.422  0.687 0. 203 136.180
11.140 0.318  1.181 0.219 330.650
9.453 0.270 1.239 0,221 357.638
- 41.790 1.194  0.566 0.198 99.100
26.013 0.74%  0.399 0.188 55.960
24.910 0.712  0.481 0.193 75.690
36.350 1.039  0.439 0.191 65.365

Te aeTTE r;&
i 1
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