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SECTIONA

RAILWAY ENGINEERING
INTODUCTION

Indian Railways is an Indian state-owned enterprise, owned and operated by the Government of

India through the Ministry of Railways. It is one of the world's largest railwaynetworks.

Railwayswerefirstintroducedtolndiaintheyear1853fromBombaytoThane ,nationalizedasone unit, the
Indian Railways, becoming one of the largest networks in the world. IR operates both long distance and
suburban rail systems on a multi-gauge network of broad, metre and narrow gauges. It also owns locomotive
and coach production facilities at several places in India and are assigned codes identifying their gauge, kind
of power and type of operation.

On23April2014,IndianRailwaysintroducedamobileappsystemtotracktrainschedules.

Rolling stock used on railways in the earliest days evolved fromcarriages and wagons which ran on
highways to carry both people and bulk materials.

As railway experience was gained, the design of rolling stock also evolved. Springing, body
structure, wheels and axles all are subject to varying loads and stresses, when comparing slower speeds on
rough roads to much faster speeds on railways, with a comparatively smoother ride.

Railway rolling stock generally runs on hard wheels on hard rails. The wheels are not onlysupported
by the rails but are guided by them. The only exception to this is for a small number of metros where rubber
tyres have been introduced. In this case the supporting function of the rail may be separated from the guiding
function.

In all casesrailwayrollingstockwill transmit vertical,horizontal and longitudinal forcestothe track and
its supports. Most railways have adopted twinrails and flanged wheels. Forces aretransmitted to the rail
structure either by direct bearing on the rail top from the wheel tyre, or by bearing laterally through the
flange, or by longitudinal friction. Potential ‘overturning’ forces, caused by centrifugal force on curves,
coupled with wind forces on exposed locations are resisted by vertical dead weight and super-elevation or

‘cant’ on curves.

Advantagesof Railways
Therailwaysoffervariousadvantagesandforthepurposeofconvenience,theycanbedescribedin following three
categories.

1. EconomicAdvantages

i) Employmenttopeopleintheformofstaffrequiredforsmoothworkingofrailways.
i) Encouragementtocommercialfarming.

iii) Increaseincostoflandtherebyincreaseofnationalwealth.

iv) Industrialdevelopmentandgrowthbecauseofmobilityoflabourandrawmaterials.
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V) Stabilizationofpricesduetoeasy,speedy&efficientmobilityofproducts&natural
resources.
Vi) Increaseinmobilityofpeopleandtherebyrelievingsomeextentthecongestionofbigcities.
vii)  Transportingfoodandclothesintimesofemergencieslikefloodsandfaminesetc.
2. Political Advantages

i) Easycontrolofthecentraladministration.
i) Developmentofanationalmentalityinthemindsofpeople.
iii) Migratingpopulationonamassscale.
iv) Mobilizingtroopsandwarequipmentintimeofwarandemergencies.
V) Unityofpeopleofdifferentcastes,customsandreligions.
3. SocialAdvantages

i) Broadeningthesocialoutlookofmassesaspeoplecanvisitallthepartsofcountryandbe proud of
this great country.

i) Easyaccesstoreligiousplacesofimportance.

iii) Providingconvenientandsafemodeoftransport.

iv) Removaloffeelingofisolationastherailwayhasprovedtobethemostsafe,economicand

comfortable mode of conveyance.

lassificationofindi i

Indianrailwaysystemsaccordingtothreeclasses:-

Class I-  RailwayswithgrossannualearningsofoverRs50lakhs(Rs50,00,000).* Class
Il - Railways with gross annual earnings of between Rs 10 and 50lakhs.

ClassllI-RailwayswithgrossannualearningsofunderRs10lakhs.
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TypicalSectionofRailwayinembankment.

Cross section of a permanent way:
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Basic functions of various components of a railway track:
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ThefinishedorcompletedtrackofarailwaylineiscommonlyknownasPermanentWay. Itessentially ~ consists

of following three parts.

1.
2.
3.

Rails
Sleepers
Ballast

The rails are fixed with each other by means of various rail fastenings and they rest on sleepers

which are laid at right angles to them. The sleepers in turn rest on ballast which is spread over the formation

ground prepared for the railway track.

) ranideal
1. Thegaugeoftrackshouldbeuniformandthereshouldnotbevaryinggauges.
2. Thereshouldbeminimumfrictionbetweenthewheelsofrollingstockand therails.
3. Facilitiesshouldbeprovidedatvariouspointsalongthepermanentwaytorepair,replaceorrenew the
damaged portion of the track.
4. Thedesignofthepermanentwayshouldbesuchthattheloadofthetrainisuniformlydistributed over it.
5. Thecomponentsofthepermanentwayshouldbesoselectedastoproduceapermanentwaywitha certain
degree of elasticity to prevent the shocks due toimpact.
6. Thegradientprovidedonthepermanentwayshouldbeevenanduniform.
7. Thespecialattentionshouldbegivenonthedesignofpermanentwayoncurves.
8. Theoverallconstructionofthepermanentwayshouldbesuchthatitrequiresminimum
maintenance.
9. Thepermanentwayshouldpossesshighresistancetodamageatthetimeofderailment.
10. Thedrainagefacilityshouldbeperfect.
11. Therailjointsshouldbeproperlydesignedand maintained.
12. Theprecautionsshouldbetakentoavoidtheoccurrenceofcreep.
13. Variouscomponentsofthepermanentwayshouldpossessanti-sabotageandanti-theftqualities.
RailGauges

In India, the gauge of a railway track is defined as the clear minimum perpendicular

distance between the inner faces of the two rails.

}—— Gauge 4—{

Rail Rail
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Thedifferentgaugesusedinindiacanbebroadlyclassifiedasfollowingfour types.

1. BroadGauge:Width1676mmtol1524mm.

2. StandardGauge: Width1435mmand1451mm.

3. MeterGauge:Width1067mm,1000mmand915mm.
4. NarrowGauge:Width762mmand610mm.

itabilitvoft] erdiff it

1. Trafficcondition @ Iftheintensityoftrafficonthetrackislikelytobemore,agaugewider
lent h e standardgaugeissuitable.

2. Development of poor areas @ The narrow gauges are laid in certain parts of the world to developa
poor area and thus link the poor area with the outsidedeveloped world.

3. Costoftrack @ Thecostofrailwaytrackisdirectlyproportionaltothewidthofgauge.Hence,fthe funds
available is not sufficient to construct a standard gauge, a meter gauge or a narrow gauge is
preferred rather than to have no railways at all.

4. Speedof movement < Thespeedofatrainisafunctionofthediameter of wheelswhichin turng
limitedbythe gauge.Thewheel diameter isusuallyabout 0.75times thegauge widthandthus,the speed of
a trainis almost proportional to the gauge. If higher speeds are to be attained, the B.G. track is
preferred to the M.G. or N.G. track.

5. NatureofCountry @ Inmountainouscountry,itisadvisabletohaveanarrowgaugeoftrack e
itismoreflexibleandcanbelaidtoasmallerradiusonthecurves. Thisisthereasonwhysome important
railways, covering thousands of kilometers, are laid with a gauge as narrow as 610mm.
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Fig. 2.2 Loading gauge
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Typical Track Structure
Ballasted Track
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i 401 Cant on Rail

ionof Rail
@ Totransmitthemovingloadstothesleepers
“® Toprovidestrong, hardandsmoothsurfaceforthetrainjourney.

@ Tobearthestressesdevelopedinthetrackduetotemperaturechangesandloadingpatterns. To serve

35 lateral guide to the running wheels.

@ Toresistbreakingforcescausedduetostoppageoftrains.
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) : IRail

1. The rail section consists of three components: head, web and foot. It should be designed foroptimum
nominal weight to provide for the most efficient distribution of metal in its various components.

2. The bottom of head and top of the foot should be given such shapes that fish-plates can easily be
fitted.

3. The C.G. of the rail section should be located very near to the centre of height of rail so that
maximum tensile and compressive stresses are more or less thesame.

4. Thedepthofheadofrailshouldbesufficienttoallowforadequatemarginofverticalwear.

5. Therailshouldpossessadequatelateralandverticalstiffnesses.

6. Thereshouldbebalanceddistributionofmetalinthehead,web andfootofrailsothateachofthem is able to
fulfill its assignedfunction.

7. Thesurfaceofrailtableandgaugefaceofrailshouldbehardandshouldbecapableofresisting wear.

8. Thethicknessofwebofrailshouldbesufficienttotakesafelytheloadcomingontherail.

TYPESOFRAILSECTIONS
Doubleheadedrails:

These were the rails which were used in the beginning, which were double headed and consisting of a
dumb-bellsection.Theideabehindusingtheserailswasthatwhentheheadwasworn outincourseoftime, the rail
can be inverted and reused. But as time passed indentations were formed in the lower table due to which

smooth running over the surface at the top was impossible.

Bullheadedrails:

Inthistypeofrailtheheadwasmadealittlethickerandstrongerthanthelowerpartbyaddingmore metal to it, so
that it can withstand the stresses.

Flatfootedrails:

These rails are also called as vignole's rails. Initially the flat footed rails were fixed to the sleepers
directlyand no chairs and keys were required. Later ondue to heavytrain loads problems arose which lead
tosteel bearingplatesbetweenthesleeper andtherail.at railjointsandother important placesthesearethe rails
which are most commonly used in India.



Double headed rail Bull headed rail

Head
Fishing angle

Foot /

Flat-footed rail

I
=
&

I——
Compression
side

Neutral Horizontal axis

Job—-¢

Neutral
vertical axis

Tension
side

Standard flat-footed rail section

LengthoftheRails:
From the consideration of strength of the track maximum possible length is advisable as it will
reduce the number of the joints, less number of fittings and fixtures and economical maintenance. But in

practice the following factors are considered to decide the length of rails.
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i) Easeoftransportation
i) Reasonablecostof manufacture
iii) Easeinloadingintotheavailablewagons
iv) Developmentoftemperature stresses
IndianRailwayshaveadoptedthefollowinglengthofrailsinpractice.
1) ForBGtracks=13 m(42’)
i) ForMG&NGtracks=12m(39°)

iLJ0i

Railjointsarenecessarytoholdtheadjoiningendsoftherailsin thecorrectposition,bothinthehorizontal and vertical

planes.
TypesofRailjoints @ Thefollowingarethetypeofrailjoints

Supportedrailjoints:

Whentherailendsrestonasinglesleeperitistermedassupportedjoint. Theduplexjoint sleeperwithother sleepers is an

example of the supported joint.
Suspendedrail joint:

Whenrailendsareprojectedbeyondsleepersitistermedassuspendedjoint. Thistypeofjointisgenerally used with

timber and steel through sleepers.
Bridgejoints:

Whentherailendsareprojectedbeyondsleepersasinthecaseofsuspendedjointandtheyareconnectedby a flator
corrugated plate called as bridge plate it is termed as a bridge joint.

Insulatedjoint:

Whenaninsulatingmediumisinsertedinarailjointot stoptheflowofcurrentbeyondthetrackcircuited part then that

type of joint is called an insulated joint.
Compromisejoint:

Wheretwodifferentrailsectionsarerequiredtobejoinedtogether itisdonebymeansoffishplatedwhich fit both

rails and this joint is termed as compromise joint.



Sleeper Sleeper

Supported rail joint

Suspended joint
Joint
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Bridge of metal

Bridge joint with metal flat

Joint

SIe(W Bridge plate Slesper

Bridge joint with bridge plate

Square joint

R&B



Joints

Staggered joint

)] Endstoremaintrue

i) Shouldbestrongandstiff

iii) Provisionforexpansion

iv) Perfectlyelastic

V) Endsshouldnotgetbattered

vi) Provisionforeasyremovalandreplacement

vii) Economicalin cost

Welded rail joint
Purposeofwelding:
e Toincreasethelengthoftherails
e Torepairthewornoutor damagedrails
e  Tobuildupwornoutpointsandrailsonthesharpcurves

Advantagesofweldingrails:

o Reducesthecreepandfrictionduetoincreaseinlengthofrail.
» Expansioneffectduetoreductionintemperature.
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o Increasethelife oftherailsduetodecreaseinwear.

o Itfacilitatestrackcircuitingonelectrifiedtracks.

e Thecostdecreasebecauseasthelengthincreaseautomaticallythenumberofjointsdecreases.

o Highfrequencyvibrationsduetoheavymovingloadsaredecreasedduetotheheavinessof therails.

Direction of movement

Rail table

Lift

Unloaded position of rail

Wave motion theory for development of creep

Direction of movement

Wheel

OO0 OO
!

1

Trailing rail Rail joint Landing rail

Percussion theory for development of creep

ThefollowingfigureshowsatypeofFairV-anchorwhichisusedinthetracktopreventcreepof rails.

Fair V anchor
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Itisdefinedasthelongitudinalmovementofrailswithrespecttosleepersinatrack.

Causesof creep:

1. Closingofsuccessiveexpansionspacesatrailjointsinthedirectionofcreepandopeningout of joints at
the point from where the creep starts.

2. Marksonflangesandwebsofrailsmadebyspikeheadsbyscrapingorscratchingastherailsslide.
EffectsofCreep:

1. Sleepersmoveoutofpositionwhichleadstothechangeingaugeandalignmentofthetrack.

2. Railjointsareopenedoutoftheirlimit insomecaseandstressesaresetupinfishplatesandbols which
leads to the breakage of the bolts.
Pintsandcrossingsgetdisturbed.
Maintenaceandreplacementoftracksbecomesdifficult.

5. Smashingoffishplatesandbolts,bendingofbars,kinksat jointsareothereffectsofcreep.

Sleepers&Ballast

Definition:

Sleepers (known in the US as railroad ties) are used as a base for laying railway tracks. Sleepers were
traditionallymade fromwood butare nowusuallymade fromconcrete.Ties arelaid ontop of sand,gravel or
heavy crushed stone - called ballast.

Eunctionsofsieepers

Thefunctionsofsleepersareasfollows
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1. Toholdtherailsincorrectgaugei.e.exactgaugeinthecaseofstraightandflatcurves,loose gauge in the case
of sharp curves and tight gauge in the case of diamondcrossings.

2. Toactasanelasticmediumbetweentheballastandrailtoabsorbtheblowsandvibrationsof moving

loads.

Theyalsoaddtothelongitudinalandlateralstabilityofthepermanenttrackonthewhole.

Theyalsoprovidemeanstorectifytrackgeometryduringservicelife.

Tosupporttherailsatproperlevelinstraighttracksandatpropersuperelevationoncurves.

o g~ w

Todistributetheloadfromtherailstotheindexarea ofballast underlyingit ortothegirdersinthe case of
bridges.
7. Toholdtherailsinproperlevel.

RequirementsofGoodSleepers

Itshouldbe economical
Itshouldbeminimumpossibleinitialandmaintenancecosts.
Thefittingsshouldbesuchthattheycanbeeasilyadjusted.
Weightshouldnotbetooheavyortoolight.
Itshouldnotbeeasilydamagedbyanti-Nationals.

Theyshouldbecapableofresistingshocksandvibrations.

Theinsulationofrailsshouldbepossiblefortrackcircuiting,ifrequired throughsleepers.

© N ks~ 0N PRE

Itshouldbedesignedthatitcouldnotbedisturbedfromitspositioneasilybythepassage oftrains.

lassificationof S|

Sleeperscanbeclassifiedintothefollowingtypesaccordingtothematerialof construction.

1. Woodensleepers

2. Metalsleepers

e Castironsleepers

C& Gauge face

Gib

130.17

N

e I i Lﬁebar

| 508

Cl pot sleeper (dimensions in mm)
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3. Steelsleepers
4. Concretesleepers

o Reinforceconcretesleepers

e Prestressedconcretesleepers

1. Iimberor\Woodendleepers
Woodensleepersareregardedasthebest astheysatisfyalmost alltherequirementsofagoodsleeper.The life of
timber sleepers depend upon their ability to resist

a. Wearandtear
b. Decay
c. Attackbywhiteants

d. Qualityofthetimberused

Advantages:

@ltiseasilyavailableinallpartsofindia @

Fittings are few and simple in design

@Theyareeasytolay,relay,pack, liftandmaintain @

They are suitable for all types of ballast

@Theyare abletoresist the shocks and vibrationsoftheheavymovingloads @
They are economical

Disadvantages:

@Theyare subjected todecay, attackbywhiteants, warping, crackingandend splitting @It
is difficult to maintain the gauge in the case of wooden sleepers.
@Itisdifficulttomaintainthealignmentinthecaseof woodensleepers.

@Theyhavegotminimumservicelife(12tol5yrs.)ascomparedtoothertypesofsleepers
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2. Castlronsleepers

Cast iron sleepers are widely used in the world especially in Indian railways. They are available in 2 types,
pot type sleepers and plate type sleepers. Pot type sleepers are not suitable for curves sharper than 4 degrees.
Cast iron plate type sleepers are more famous in Indian railways.

Advantages:

=

Servicelifeisverylong

Lessliabletocorrosion

3. Formgoodtrackforlighttrafficuptol10kmphastheyformrigidtracksubjectedtovibrationsundermoving loads
without any damping

4. Scrapvalueishigh

N

Disadvantages:

Gaugemaintenanceisdifficultastiebarsgetbentup

Notsuitableforcircuitedtrack

Needlargenumberoffittings

Suitableonlyforstoneballast
Heavytrafficandhighspeeds(>110kmph)willcauselooseningofkeysanddevelopmentofhighcreep

agrwbdE
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3. ConcreteSleepers

Concrete sleepers are made of a strong homogeneous material, impervious to effects of moisture and

unaffected by the chemical attacks. It is moulded easily to size and shape required and it is an ideal material

to with stand stresses introduced by fast and heavy traffic.

Advantages

9.

Theconcretesleepersarequiteheavyandthusprovidelongitudinal,lateralandverticalstability.
Because of their weight, these sleepers are more suitable to LWR(Long Welded Rail)tracks.
Theconcretesleepersresultinreducedrailbendingstresses.

Theconcretesleepersreducethe wearofrollingstocks.
Theconcretesleepersproducelessverticalmotionandthusprovideacomfortablejourneydueto less
noise.

Theconcretesleepershaveflatbottoms. That’swhymeanmodernmethodoftrackmaintenancei.e. MSP
(Measured Shovel Packing) and machine maintenance can be suitably employed.
Theconcretesleepersareneitherinflammablenorsubjectedtodamagebycorrosionortermite.
Thesesleepershavealongusefullifeof50years. ltmeansrailandsleeperrenewalscanbe matched.
Theconcretesleeperswiththeirfasteningsystemmaintaingauge,crosslevels,twist,alignment,
longitudinal level and unevenness of the track.

Theconcretesleepersaresuitablefortrackcircuiting.

10. Theconcretesleeperscanbemanufacturedfromlocalresources.

Disadvantages

© o0k D PR

Theyarenoteconomicalbecauseofhighcostofconstruction.
Incaseofderailments,heavydamageiscaused.
Highstandardofmaintenanceoftrackisrequired.
Thedesignandconstructionarebothcomplicated.
Theyaremorerigid.

Theydonot haveanyscrapvalue.

4. Steelsleepers

R&B
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Loose jaw
inserted

Loose jaw into holes
inserted

into holes ST sleeper
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Sleeper with loose jaws inserted into holes

Steelsleepersarelightweight,dimensionallymoreaccuratethanwoodenorconcreteandregardedasan effective
technical solution for modern rail networks.

AdvantagesofsteelSleepers

1. Theyaremanufacturedbyasimpleoperation.

2. Theycanbeeasilyhandledasthesearelightinweightascomparedtoothertypesofsleepers. Hence,
damages during handling and transporting are less.
Lessnumberoffasteningsarerequiredandthattoosimpleinnature.
Themaintenanceandadjustmentofgaugeareeasyascomparedtotheotherofsleepers.
Thesesleepersarerolledsectionsinonepiece.
Theirlifeislongerthanthatofothertypesofsleepers.
Theyprovidebetterlateralrigiditytothetrack.

Theyarenotattackedbyvermin.

© © N o g A~ W

Theyarenotsusceptibletofirehazards.

10. Theirscrapvalueisgood.

DisadvantagesofSteelofSleepers

Thesteelsleeperspossessthefollowingdisadvantages:
Theygeteasilyrustedandcorroded.

Theydevelopcracksatrailseatsornearlugs.

Theirlugsgetbrokeneasily.
Thesteelsleepersdonotprovideeffectivetrackcircuiting.
Thesteelsleeperscanonlybeforthetypeofrailsforwhichthesesaremanufactured.

Thesedevelopthetendencytobecomecenterboundbecauseofslopeatbothends.

© N o gk 0w RE

Theoverallcostofsteelsleepersismorethanthatoftimbersleepers.
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Ballast

fnition:

Itisalayerofbrokenstones,graveloranyothersuchgrittymateriallaidandpackedbelowandaround sleepers.
Eunctionsofballast:

Todistributetheloadsuniformlyoverthesubgrade.

ST

Toprovidegooddrainageforthetrackstructure.

o

Toprovideelasticityandresiliencetotrackforgettingproperridingcomfort.

o

Toheldthetrackstructuretolineandgrade.

Toreducedust.

=h

Topreventgrowthofbrushandweeds.
RequirementsofGoodBallast

Itshouldbetoughandshouldnotcrumbleunderheavyloads.
Itshouldnotmakethetrackdustyormuddy.
Itshouldofferresistancetoabrasionandweathering.
Itshouldnotproduceanychemicalreactionwithrailsandsleepers.
Thematerialsshouldbeeasilyworkable.

IR N

Itshouldretainitspositionandshouldnotbedistributed.
MaterialsusedasBallast

1. Broken Stone © Broken stone is one of the best materials for railway ballast to be used on the railway
tracks. Almost all the important railway tracks are provided with broken stone. The stone to be used as
railway ballast should be hard, tough nonporous and should not decompose when exposed to air and light.
Igneous rocks like quartzite and granite forms the excellent ballast materials. When these are not available
then lime stone and sand stone can also be used as good ballast material.

AdvantagesofBrokenStone

1. Itholdsthetrackinposition

2. Itisgoodforheavy traffic

3. Itcanservehighspeedsequal lywell.

Disadvantages of Broken Stone

1. Themaindisadvantageisthatitisexpensiveinitsinitialcost.
2. Gravel © Gravelranksnextinitssuitabilityforuseasmaterialsforballastandisusedinmany countries of the
world in very large quantities. Gravel consists of worn fragments of rocks occurring in naturaldeposits.

Gravel or shingle may be obtained from river bed or it may be dug out from gravelpits.
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AdvantagesofGravel
1. Itischeaperinitscostasithasnottobebrokenaslikestoneballast
2. Ithasgotexcellentdrainageproperties,ifproperlycleaned
Disadvantages of Gravel
1. Iteasilyrollsdownunderthevibrationsandpackingunderthesleepersgettense
2. Thevariationinsizeisconsiderableandhencerequiresscreeningbeforeuse
3. Grovelasobtainedfromgravelpits,isfullofearthandhencerequirespropercleaningifproper drainage
of the track is to bedone.
3. CindersOrAshes© Theresiduefromthecoalinlocomotivesorotherfurnacesiscalledcinderorashes.
Itisoneoftheuniversalformsofballastasitisabyproductofalltherailwaywhichusescoalasafuel.
AdvantagesofCindersorAshes
1. Handlingofthematerialisnotcumbersomethismaterialcanbehandleeasily
2. Costisverylowandhencecanalsobeusedforsidings
3. Ithasgotfairlygooddrainageproperties
4. Largequantitiesofthismaterialcanbemade availableatshortnotice.
5. In case of emergence such as caused by the destruction of portion of railway track during floods.
This material proves to be very useful and is used in the formation repairing as well as for packingof
track.
DisadvantagesofCindersorAshes
1. Itishighlycorrosiveandcannotbeusedwheresteelsleepersarefixed
2. Thefootoftherailsgetaffectedduetouseofthistypeofmaterialasballast
3. Itisverysoftandcaneasilybereducedtopowderundervibrationsandhencethe trackbecomes very
dusty. This is objectionable particularly in dryweather.
4. Sand©@ Sandisanothergoodmaterialsforrailwayballast,coarsersandistobepreferredtofineramand the best sand
is that which contains a quantityof fine gravel varying in size from1/8upwards.
AdvantagesofSand
1. Ifthesandisfreefromearthandvegetationthenithasgoodexcellentpropertiestodrainoff water
immediately
2. Itischeaperifavailableinnearbylocality
3. Itproducesverysilenttrackandhencearesuitableforpackingcastironpotsleepers.
Disadvantages of Sand
1. Itgetseasilydisturbedundervibrationsandhenceitsmaintenanceisverydifficult
2. Thesandcanbeeasilywashedofforblownawayandhencerequiresfrequentrenewal.
3. Thesandparticlesmayget intothemovingpartsofthevehiclesandproducesfriction. Thisleads to heavy
wear of vehicles.
5. Kankar@Kankaralimeagglomerateisfoundinmanyplaces intheform of nodules of varyingsizes.
Advantages of Kankar

1. KankarissuitableMaterialsforballastwhenothergoodmaterialforballastisnotavailableorif available
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uneconomically.
2. Kankarisgoodforlighttrafficonmetreandnarrowgauges
Disadvantages of Kankar
1. Itisverysoftandcanbereducedtopowderformeasily,hence,makingthetrackdusty.
2. Themaintenanceoftrackisverydifficult
6. Moorum © The decomposition of laterite results intothe formation of moorum. It has redandsometimes
yellowcolor. Thebest moorum is thatwhich containslargequantitiesof small laterite stones.
AdvantagesofMoorum
1. Moorumisgoodmaterialsforballastwhenothermaterialforballastisnotavailable.
2. Moorumcanbesafelyusedonnewlylaidtrackandactsasasolingwhenbrokenstonesarelaid
afterwards.
3. Moorumhasgotgooddrainageproperties
Disadvantages of Moorum
1. Moorumisverysoft andreducestopowderandhencetodustforminshorttime.
2. Maintenanceoftrackslaidwiththismaterialisdifficult
7. BrickBallastOrBrickBats® Sometimesthebrokenpiecesofoverburntbricks,calledbrickbats,are used as
materials for ballast.
AdvantagesofBrickBallast
1. Ithasgotexcellentdrainageproperties
2. Theycanbeusedasgoodballastmaterialwheresuitablematerialforballastiseither unavailable or
uneconomical
DisadvantagesofBrickBallast
1. Brickbatsturndownintopowderformeasilyandhencethetrackbecomesdusty
2. Maintenanceofthetracklaidwiththismaterialasballastisverydifficult.
3. Railsareoftencorrugatedonthetracks laidwiththismaterialasballast
8. SelectedEarth©@ Selectedearth maybeused asmaterialforrailwayballastfor sidingsand also forreaylaid

tracks.

TrackfixturesforBG

Railjoints—Fishplates —Fishbolts-Fangbolts-Hookbolts—Railchairsandkeys—Bearingplates— Blocks —

Spikes-Elastic fastenings- Anchors & Anti creepers

Eastening

A rail fastening system is a means of fixing rails to railroad ties. The terms rail anchors, tie plates, chairs
and track fasteners are used to refer to parts or all of a rail fastening system. Various types of fastening have
been used over the years.
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In rail terminology, a fishplate, splice bar or joint bar is a metal bar that is bolted to the ends of two rails
to join them together in a track. The name is derived from fish, a wooden bar with a curved profile used to
strengthen a ship's mast. The top and bottom edges are tapered inwards so the device wedges itself between
the top and bottom of the rail when it is bolted into place. In rail transport modelling, a fishplate is often a
small copperornickelsilver platethat slips ontobothrailsto providethe functions ofmaintainingalignment and

electrical continuity.

Fish as specilled,
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GeometricforBroad gauge

TypicalSectionofRailwayinCutting.

TypicalSectionofanembankment.
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Classificationof Railwayvl.and: Witha viewtodetermine what the dispositionof the land willprobablybe on
the completion of the work for which it had been acquired, the classification given in paragraph 818 etc.

should be adopted.

Onrailways,landisdividedintotwoclasses, viz.,

e (i)permanentlandwidth
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o (ii)temporarylandwidth

Permanent land width is land which will be required permanently after the railway is open for traffic and
the work of construction is complete. Under this head will be included all land to be occupied by the
formation of the permanent line of railway with side slopes of banks and cuttings, and the berms connected
therewith; catch water drains and borrow pits or such parts of them as it is necessary to retain; the entrances
to tunnels and shafts belonging to them; the sites of bridges, and protection or training works; station yards;
landing places for railway ferries; ground to be occupied by works belonging to the railway such as gas
works, arrangements for water supply, septic tanks, collecting pits, filter beds and pumping installations, &
c., ground for the storage manufacture or acquisition of materials; land for sanitary zones, cemeteries,
churches, plantations; gardens, and recreation grounds, sites for stations, offices, workshops; dwellinghouses
and other buildings required for the purposes of the railway, or the accommodation of the staff, with the
grounds, yards, roads, & c., appertaining thereto. Under this head will also be included land outside the
permanent railway boundary, which will be required for the permanent diversion of roads or rivers, or for
other works incidentalto the constructionoftherailway, which are made forpublic purposes and will noton

completion of the works be maintained by the railwayauthorities.

Temporary land width is land which is acquired for temporary purposes only, and which is disposed of

after the work of construction is completed.
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Rising and falling gradient

Drainage is defined as interception, collection and disposal of water away from track. Drainage isthe
most important factor in trackmaintenance andfor stabilityof banks/cuttings. When water seeps into the
formation, it weakens the bonds between the soil particles, softens the soil and results in creation of ballast
pockets. On one hand, ingress of water into bank/cutting adds to weight of soil mass trying to slide, thereby
increasing propensity for slope-slide, on the other hand, it reduces shear strength of soil, thereby decreasing
factor of safety for stability of slope. Therefore, quick disposal of water from formation top/slopes is very
essential.Drainagesystemshould beeffective inpreventingthestagnation of water and allowquickdisposal of

water. At present, drainage is not being given its due importance in field. Provisions relating to drainage
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have been detailed in various guidelines issued by RDSO(Research Design and Standards Organisation)from
time to time, however, the present Guidelines highlight the salient features of drainage arrangement in

embankment as well as cuttings.

CONVENTIONALDRAINAGESYSTEMS

SURFACEDRAINAGE
SIDEDRAINS
CATCHWATERDRAINS
SUBSURFACEDRAINS

SUPERELEVATION

1) Cantorsuperelevationistheamount bywhichonerailisraisedabovetheotherrail.It ispositive when the
outer rail on a curved track is raised above inner rail and is negative when the inner rail on a curved track is
raised above the outer rail.

(2) Equilibriumspeedisthespeedatwhichthecentrifugalforcedevelopedduringthemovementof the
vehicle on a curved track is exactly balanced by the cantprovided.

(3) Cantdeficiency-Cantdeficiencyoccurswhenatraintravelsaroundacurveataspeedhigherthan the
equilibrium speed. It is the difference between the theoretical cant required for such higher speed and
actual cant provided.

()] Cant excess - Cant excess occurs when a train travels around a curve at a speed lower than the
equilibriumspeed. Itisthedifferencebetweentheactualcantandthetheoreticalcantrequiredforsucha lower
speed.

%) Maximumpermissiblespeedofthecurve-Itisthehighestspeedwhichmaybepermittedonacurve

takinginto consideration the radius ofthe curvature, actual cant, cant deficiency, cant excess andthe length
oftransition.Whenthemaximumpermissiblespeedon acurveislessthanthemaximumsectionalspeed of the
section of a line, permanent speed restriction becomes necessary.

(6) Cantgradientandcantdeficiencygradientindicatetheamountbywhichcantordeficiencyofcant
isincreasedorreducedinagivenlengthoftransitione.g.,1in1000meansthatcantordeficiencyofcantof 1 mm. is
gained or lost in every 1000mm. of transitionlength.

(7 Rate of change of cant or rate of change of cant deficiency is the rate at which cant or cant
deficiencyisincreasedorreducedpersecond,atthemaximumpermissiblespeedofthevehiclepassingover the
transition curve, e.g., 35 mm. per second means that a vehicle when traveling at a maximum speed permitted
will experience a change in cant or deficiency of cant of 35mm. in each second of travel over the transition.
(8) Transition curve is an easement curve, in which the change of radius is progressive throughout its
length and is usually provided in a shape of a cubic parabola at each end of the circular curve. It affords a
gradualincreaseofcurvaturefromzeroatthetangentpointtothespecifiedradiusofcircularareandpermits a gradual
increase of super elevation, so that the full superelevation is attained simultaneously with the curvature of

the circular arc.
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Superelevation,CantdeficiencyandCantexcess
(1) Super elevation/cant

(a)Theequilibriumsuperelevation/cantnecessaryforanyspeediscalculatedfromthe formula

5 GV
~ 127R

WhereCiscant/superelevationinmm.Gisthegaugeoftrack+widthofrailheadinmm.Ristheradius of the curve in
metres.

ityof levati
In order to counteract the effect of centrifugal force the outside rail of the curve may be elevated

above the inside rail effectively moving the centre of gravity of the rolling stock laterally toward the inside

rail. This procedure is generally referred to as super elevation.

If the combination of lateral displacement of the centre of gravity provided by the super elevation,
velocity of the rolling stock and radius of curve is such that resulting force becomes centered between and
perpendicular to a line across the running rails the downward pressure on the outside and inside rails of the

curve will be the same.

Thesuper elevation thatproducesthis condition for agiven velocityand radius of curve is known as
the balanced or equilibrium elevation.

Equilibrium superelevation

M

/x

Maxn line

TSI

Negative superelevation

/
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imitationofSuperelevati

ForMixedPassenger&Freight Routes

Typical early railway operation resulted in rolling stock being operated at less than equilibrium velocity (all
wheels equally sharing the rolling stock weight), or coming to a complete stop on curves. Under such
circumstances excess super elevation may lead to a downward force sufficient to damage the inside rail of
the curve, or cause derailment of rolling stock toward the centre of the curve when draft force is applied toa
train. Routine operation ofloaded freight trains at low velocityon a curve super elevated to permit operation

of higher velocity passenger trains will result in excess wear of the inside rail of the curve by the freight

trains.

Thusonthesetypesof  routes,superelevationisgenerallylimitedtonotmorethan6inches.  For

High Speed Passenger Routes

Modern high speed passenger routes, donotcarryslower speed trains,nor expect trains to stop oncurves, so it
is possible to operate these routes with higher track super elevation values. Curves on these types of route
are also designed to be relatively gentle radius, and are typically in excess of 2000m (2km) or 7000m (7km)

depending on the speed limit of the route.
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POINTSANDCROSOING

DEFINITION: Thearrangementwhichisusedtotransferthetrain fromonetracktoanotherisknownaspointsand crossings.
Necessity:-

Pointsandcrossingareprovidedtohelptransferrailwayvehiclefromonetracktoanother.

The track may be parallel to diverging from or converging with each other point and crossing are
necessary because the wheels of railway vehicles are provided with inside flange and therefore they
require this in special arrangement in order to navigate their way on therail.

The points or switches aid in diverting the vehicles and the crossing provide gaps in the rails so as to help
the flanged wheels to roll over them.

Acompletesetofpointsandcrossings,alongwithleadrails,iscalledaturnout.

Pointsor Switches

R&B

Apairoftonguerailandstockrailwithnecessaryconnectionandfittingformsaswitch

Crossing:-itisadeviceintroducedatthejunctionwheretworailscrosseachothertopermitthewheel flanges of a

railway vehicle to pass from one track to another
Switches

» Apairofstockrail, ABandCDmadeofmedium-manganesesteel.

» A pair of tongue rails, PQ and RS also known as switch rails made withstand wear. The tongue
rails are machined to very thin section to obtain a snug fit with the stock rail is called ‘toe’ and
thicker end is called the ‘heel’

» Ano.ofslidechairstosupportthetonguerailandenableitsmovementtowardsorawayfromthe stockrail.

» Twoormorestretcherbarsconnectingboththetonguerailsclosetothetoe forthepurposeof holding
them at a fixed distance from each other.

» Agaugetiesplatetofixgaugesandensurecorrectgaugeatthepoints.

fe———— Tongue rails 2
= S EEE— — Stock rails

Pull rod
Lever box

Stock rail-
Slide chair

Tongue rail

FIGURE:DETAILSOFSWITCH
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TypesofSwitches
Switchesareoftwotypes,namely*studswitches’and‘split switch’.

In‘ studswitch’noseparatetonguerailisprovidedandsomeportionofthetrackismovedfromone side to the

other side.

In‘splitswitch’apairofstockrailandapairoftonguerailsarepresent. Split

switches are two types:-

1) LooseHeeltype:-
» Inthistypeofsplitswitch,theswitchortonguerailfinishesattheheeloftheswitchtoenable movement
of the free end of the tongue rail.
» Thefishplatesholdingthetonguerailmaybestraightorhightlybent.

Y

Thetonguerailisfastenedtothestockrailwiththehelpofafishingfitblockand fourbolts.
> All the fish bolts in the lead rail are tightened while those in the tongue rail are kept loose or
snug to allow free movement of thetongue.
» As the discontinuity of the track at the heel is a weakness in the structure, the use of these
switches is structures, the use of these switches is notpreferred.
(2) FixedHeel Type:-

In this type of split switch the tongue rail does not end at the heel of the switch, but extends
further and is rigidly connected. The movement at the toe of the switch is made possible on account of
flexibility of tongue rail.

Crossing:-
AcrossingorFrogisadeviceintroducedatthepoint/junctionwheretwogaugefaces/railscross each other to
permit the wheel flanges of a railway vehicle to pass from one track to each other.

Overall length

Splice

|
|
: Left-hand (OO

o Flarejfall -

= E

? @

o) o

| -

o IO

p= ©
Facin o . = ili

e D 9 Crossing I 3 - Irailing
direction 2 angle £ direction
|

Right-hand Flare X Point
wing rail rail

Figure :- Details of Crossing
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Acrossingconsistsofthefollowing components.

(i)

(ii)

(iii)

Two rails, point rails and splice rails, which are machined to form a nose. The point rail
ends at the nose whereas the splice rail joins it a little behind thenose.

Theoretically,thepoint railshouldendinapoint andbemadeasthinaspossible,but aknife edge of
point rail would break off under the movement of traffic. The point rail therefore,has its fine
end slightly cut off to form a blunt nose, with a thickness of 6mm. The toe of the blunt nose
is called the actual nose of crossing (ANC) and the theoretical point where the gauge faces
form both sides intersect is called the theoretical nose of crossing (TNC).The ‘V’rail
isplanedtoa depthof 6mm(1/4°”)at thenoseand runsout in89mmto stop a wheel running in the

facing direction from hitting the nose.

[{ Actual nose of crossing
| Theoretical nose of crossing
| Elbow of wing throat

1 N

Figure:-PointRailandSpliceRail

Two wing rails consisting of a right hand and a left hand wing rail that converge to from a
throat and diverge again on either side of the nose. Wing rails are flared at the ends to

facilitate the entry and exit of the flanged wheel in thegap.

A pair of check rails to guide the wheel flanges preventing them from moving sideways
which would otherwise may result in the wheel hitting the nose of the crossing as it movesin

the facing direction.

LJYPESOFCROSOING:

Acrossingmaybeofthefollowingtypes:-

(a) An.acute angle crossing or ¢V’ crossingin which the intersection of two gauge faces forms on

acute angle, For example when a right rail crosses a left rail, it makes an acute crossing. So

unlike rail crossing from an acute crossing.



R&B

40

(b) Anaobtuseordiamondcrossinginwhichthetwogaugefacesmeetatanobtuseangle.Whena right on
left rail crosses a similar rail, it makes an obtusecrossing.

(c) Asquarecrossinginwhichtwotrackscrossingatrightangles,suchcrossingsarerarelyused in actual

practice. For manufacturing purposes, crossing is of followingtypes.

Inabuilt-upcrossingtwowingrailsandaV-sectionconsistingofspliceandpointrails are
assembled together by means of bolts and distance blocks to form a crossing.
Advantages:-
(@) Initialcostislow.
(b) Repaircanbecarriedoutbywelding.
(b) Caststeelcrossing:-
Thisisonepiececrossingwithnoboltsandthereforerequiringverylittle maintenance.
Comparatively
Advantages:-
(@ Longerlife.
Disadvantages:-
(@) Initialcostishigh.
(b) Repairandmaintenancecausesanoofproblem.
Q binedrail —
is a combination of a built-up and cast steel crossing and consists of a cast steel nose
finished to ordinary rail faces to form the two legs of the crossing.
Through it allows the welding of worn-out wing rails, the nose is still liable to fracture
suddenly.
CMS Crossing:- Due to increase in traffic and the use of heavier axle loads, the ordinary built-up
crossing manufacturer from medium —manganese rails subjected to vary heavy wear and tear,
especially in fast lines and suburban sections with electric traction. Past experience has shown that
life of such crossings varies six months to two years, depending on their location and service
conditions. CMS crossings possess higher strength, offer more resistance to wear and consequently
have a longer life.
Advantages:-
» Lesswearand tear.
» Longerlife.
» Freefrombolts aswheelasothercomponentsthatnormallytogetlooseasaresultof
movement of traffic.
SpringorMovable Crossing:-
In a springcrossing, one wingrailis movable andheldagainsttheVofthe crossingwith a strong

helicalspringwhiletheotherwingrailiskeptfixed. Whenavehiclepassesonthemaintrack, the
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movable wing rail is snug with crossing and the vehicle does not need to negotiate any gap at the
crossing. In case the vehicle has to pass over a turnout track, the movable wing is forced out by the
wheel flanges and the vehicle has to negotiate a gap as in normal turnout

This type of crossing is useful when there is high-speed traffic on the main track and slow-speed

traffic on the turnout track
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CHAPTERG
METHODSOFLAY ING&MAINTENANCEOFTRACK

Essentialof T rackMaintenance:-
1. Thegaugeshouldbecorrectorwithinthespecifiedlimits.
2. Thereshouldbenodifferenceincrosslevelsexceptoncurves,wherecrosslevelsvaryin order to
provide super elevation.
Longitudinallevelsshouldbeuniform.
Thealignmentshouldbestraightandkink-free.

Theballastshouldbeadequateandsleepersshouldbewellpacked.

© 0 &~ w

Thetackdrainageshouldbegoodandformationshouldbewelltrained.

Railway track can be maintained either conventionally by manual labor or by the application of
modern methods of track maintenance, such as mechanical tamping or measured shovel packing. The major
maintenance operations performed in a calendar year (12-months) are as follows for achieving the above

mentioned standards:-

1) ThroughPacking-:
2) SystematicOverhauling
3) Pickingupslacks
1) Through Packing

ThroughPackingiscarriedoutinasystematicandsequentialmannerasdescribedas follows:
» Openingofroad:-

Theballastisdugout oneither sideoftherail seatforadepthof50mm(2”’)belowthe bottom of the
sleeper with the help of a shovel with a wire claw .On the outside, the width of the opening should extend up to the
end of the sleeper.

Ontheinsideitshouldextendfromtherailseattoadistanceof450mm(18”’)incaseof BG, 350mm
(14”) in case of MG, and 250mm (10”) in case of NG.
» Examinationofrails,sleepersandfastening:-
Therails,sleepersandfasteningtobeusedarethoroughlyexamined. Defectivesleepersare removed and
loose fastening are tightened. Any kinks in rails are removed.
» Squaringof sleepers:-
(@) Todothisoneoftherailsistakenasthesightingrailandthecorrectsleeperspacingis marked
on it.

(b) Thepositionof thesleeperischeckedwithreferencetothesecondrailwiththehelpofaT - square.

R&B
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(c) Thesleeperattendedtoafterthisdefectshavebeenestablished,whichmayincludetheir being

out of square or at incorrect spacing.

» Aligningthetrack:-
(@) Thealignmentofthetrackisnormallycheckedvisually,whereintherailisvisually
assessed form a distance of about four rail lengths orso.
(b) Smallerrorsinthealignmentarecorrectedbyslewingthetrackafterlooseningthecoresat the ends
and drawing out sufficient ballast at the ends of thesleeper.
(c) Slewingiscarriedoutbyplantingcrowbardeepintotheballastatananglenotmorethan30 form the
vertical.
Advantagesof TrackMaintenance:-
Ifthetrackissuitablymaintained,thelife ofthetrackaswellasthatoftherollingstockincreases since
there is lesser wear and tear of their components.
Regulartrackmaintenancehelpsinreducingoperatingcostsandfuel consumption.
Small maintenance jobs done at the appropriate time, such as tightening a bolt or key, hammeringthe
dog spike, etc., help in avoiding loss of concerned fitting and thus saving on the associated
expenditure.
When track maintenance is neglected for along time, it may render the track beyond repair, calling
for heavy track renewals that entail huge expenses
Gauging:-
Thegaugeshouldbecheckedandanattemptshouldbemadetoprovideauniformgauge within
permissible tolerance limits.
2. Systematicoverhauling:-
Thesystematicoverhaulingofthetrackshouldnormallycommenceafterthecompletionof one
cycle of through packing. It involves the following operations in sequence:-
(@) Shallowscreeningandmakingupofballastsection.
(b) Replacingdamagedorbrotherfittings.
(¢) Includingallitemsinthroughpacking.
(d) Makingup thecess.
3. Rickingupstacks:-
Stacksarethosepointsinthetrackwheretherunningoftrainsisfaculty.Slacksgenerally occur in
the following cases:-
(@) Stretchesofyieldingformation.
(b) Improperlyalignedcurves.
(c) Portionsoftrackwithpoordrainage.
(d) Approachestolevelcrossing,girderbridgesetc.
(e) Sectionwithaninadequateoruncleanballastcushion.
Nothroughpackingisdoneduringtherainingseasonandslacksareonlypickedupinorderto keep the

track safe and in good running condition.
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Dutiesof apermanentwaylnspector(PW1)

ThePWIlisgenerallyresponsibleforthefollowing:-

(@) Maintenanceandinspectionofthetracktoensuresatisfactoryandsafeperformance.

(b) Efficientexecutionofallworksincidentaltotrackmaintenance,includingtrackrelayingwork.

(c) Accountsandperiodicalverificationofthestoresandtoolsinhisorhercharge.

(d) Maintenanceoflandboundariesbetweenstationsandatimportantstationsasmaybespecifiedby the
administration.

ThePWilalsocarriesoutinspectionofthefollowingfactsofatrack.

(@) Testingthetrack.

(b) Inspectionoftrackandgauge.

(c) Levelcrossinginspection.

(d) Pointandcrossinginspection.

(e) Curveinspection.

(f) Safetyof track.
Inadditiontotheinspections,aP W lalsocarriesoutfollowingduties:-

(@) Checktheproximityoftreesthatarelikelytodamagethetrackandgetthemremoved.

(b) Checknightpatrollingatlastonceamonthbytrainaswellasbytrolley.

(c) Takesthenecessarysafetymeasureswileexecutingmaintenanceworkthataffectsthesafetyofthe track.

(d) PeriodicallyinspectsandrespectiveLWRtackstoensuretheirsafety.

(e) Ensuresthecleanlinessofstationyards.

(f) Keepsproperrecordsofthetrainingoutofballast.

(9) Looksafterallestablishmentwork,includingthewelfareofthestaffworkingunderhischargeand
maintenance their service records.

(h) Ensuresthesafetyofthetrackduringtheexecutionofworkthataffectsthetrack.
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SECTION-B

CHAPTER-7

BRIDGEENGINERRING

DEFINATION

ThefollowingdefinitionsofcertainimportanttermsusedinBridgeEngineeringaregivenbelow:

1.

10.

11.

12.

Bridge: - A structure is facilitating a communication route for carrying road traffic or other moving
loads over a depression or obstruction such as river, stream, channel, road or railway. The
communication route may be a railway track, a tramway, a roadway, footpath, a cycle track or a
combination of them.

High Level Bridge or Non-submersible Bridge: -The Bridge which does not allow the high flood
waters to pass over them. All the flood water is allowed to pass through its vents. In other words it
carries the roadway above the highest flood level of the channel.

Submersible Bridge: - A submersible bridge is a structure which allows flood water to pass over
bridge submerging the communication route. Its formation level should be so fixed as not to cause
interruption to traffic during floods for more than three days at a time not more than six times in a
year.

Causeway: - It is a pucca submersible bridge which allows floods to pass over it. It is provided on
less important routes in order to reduce the construction cost of cross drainage structures. It may
have vents for low water flow.

Foot Bridge: - The foot bridge is a bridge exclusively used for carrying pedestrians. Cycles and
animals.

Culvert: - When a small stream crosses a road with linear waterway less than about 6 meters. The
cross drainage structure so provided is calledculvert.
DeckBridge:-Thesearethebridgewhoseflooringsaresupportedattopofthesuperstructures.
ThroughBridge:-Thesearethebridgeswhoseflooringsaresupportedorsuspendedatthebottom of the
superstructures.
Semi-ThroughBridges:-Thesearethebridgeswhoseflooringsaresupportedatsomeintermediate level

of the superstructure.
SimpleBridges:-Theyincludeallbeam,girderortrussbridgeswhoseflooringissupportedat some
intermediate level of superstructure.

CantileverBridges: -Bridgeswhicharemoreorlessfixedatoneendandfreeatother.ltcanbe used for
spans varying from 8 meters to 20meters.
ContinuousBridges:-Bridgeswhichcontinueovertwoormorespans. Theyareusedforlarge spans

and where unyielding foundations are available.
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Arch Bridge: - These are the bridges which [produce inclined pressures on supports under vertical
loads. These bridges can be economically used up to spans about 20 meters. The arches may be in
the barrel form or in the form of ribs.

Rigid Frame Bridges: - In these bridges the horizontal deck slab is made monolithic with the
vertical abutments walls. These bridges can be used up to span about 20 meters. Generally this type
of bridge is not found economical for spans less than 10meters.
SquareBridge:-Thesearethebridgesatrightanglestoaxisoftheriver.
SkewBridge:-Thesearethebridgesnotatrightanglestoaxisoftheriver.
SuspensionBridges:-Thesearethebridgeswhicharesuspendedoncablesanchoredatends.
Under-Bridges: - It is a bridge constructed to enable a road to pass under another work or
obstruction.
Over-Bridges:-itisabridgeconstructedtoenableoneformoflandcommunicationovertheother.

Class AA Bridges: - These are bridges designed for I.R.C. class AA loading and checked for classA
loading. They are provided within certain municipal limits, in certain existing or contemplated
industrial area, in other specified areas, and along certain specifiedhighways.
ClassABridges:-Thesearepermanentbridgesdesignedforl.R.C.classAloading.
ClassBBridges:-Thesearepermanentbridgesdesignedforl.R.C.classBloading.
Viaduct:-Itisalongcontinuousstructurewhichcarriesaroadorrailwayslike Bridgeoveradry valley
composed of series of span over trestle bents instead of solidpiers.
Apron:-ltisalayerofconcrete,masonrystoneetc.placedlikeflooringattheentranceoroutofa culvert to
prevent scour.

Piers:-Theyaretheintermediatesupportsofabridgesuperstructureandmaybesolidor opentype.
Abutments:-Theyaretheendsupportsofthesuperstructure.
CurtainWall:-Itisathinwallusedasaprotectionagainstscouringactionastream.

Effective Span: - The centre to centre distance between any two adjacent supports is called as
theeffective span of a bridge.
ClearSpan:-ThecleardistancebetweenanytwoadjacentsupportsofabridgeiscalledclearSpan.
Economic Span: - the span, for which the total cost of bridge structure is minimum is known as
economic span.

Afflux: - due to construction of the Bridge there is a contraction in waterway. This results in rise of
water level above its normal level while passing under the Bridge. This rise is known asafflux.

Free Board: - Free Board at any point is the difference between the highest flood level after
allowing for afflux, if any, and the formation level of road embankment on the approaches or top
level of guide bunds at that point.
Headroom:-Headroomistheverticaldistancebetweenthehighestpointsofavehicleorvesseland the
lowest points of any points of any projecting member of aBridge.

Length of the Bridge: - The length of a Bridge structure will be taken as the overall length
measured along the center line of the Bridge from the end to end of the Bridgedeck.
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Linear Waterway: - The linear waterway of a Bridge shall be the length available in the bridge
between extreme edges of water surface at the highest flood level, measured at right angles to the
abutment faces.

Low Water Level (L.W.L.): - The low water level is the of water surface obtained generally in the
dry season.

Ordinary Flood Level (O.F.L.):- It is average level of a high flood which is expected to occur
normally every year.

Highest Flood Level (H.F.L.):- It is the level of highest flood, every recorded or the calculatedlevel
for the highest possible flood.

Effective Linear Waterway: - Effective linear waterway is the total width of waterway of a bridge
minus theeffective widthof obstruction. For calculatingthe effectivelinear waterways, thewidthof
mean obstruction due to each pier shall be taken as mean submerged width of the pier at its
foundation up to maximum scour level. The obstruction at ends due to abutments or pitched slopes

should be ignored.

COMPONENTOOFABRIDGE
hebri isdlivid inlyi _

1) Substructure

The function of substructure is similar to that of foundations, columns and walls etc. of a building.
Thusthesubstructuresupportsthesuperstructureanddistributestheloadintothesoilbelowthrough
foundation.

Thesubstructureconsistsoffoundationpiersandabutmentpiers,foundationforthepiers,

abutments, wing walls, and approaches.

Theaboveallsupportsthesuperstructureofthebridge.

2) Superstructure
» Thesuperstructureofabridgeisanaloguestoasinglestoreybuildingroofand
substructure to that of walls, columns and foundations supportingit.
»  Superstructureconsistsofstructuralmemberscarryingacommunicationroute
» Itconsistsofhandrails,parapets,roadways,girders,arches,walltrussesoverwhichtheroad is
supported.
> ltisthatpartofthebridgeoverwhichthetrafficmovessafely.
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Figure 1 Components of a Typical Bridge.

ClassificationofaBridge:-

Thebridgesmaybeclassifieddependinguponthefollowingfactors:-

(@) Theirfunctionsorpurposeasrailway,highway,FootBridge,aqueductetc.

(b) Theirmaterialofconstructionusedastimber,masonry,R.C.C.Steel,prestressconcreteetc.

(c) Natureorlifespansuchastemporary,permanentbridgeetc.

(d) TheirrelativepositionoffloorsuchasDeckBridge,throughbridge,semithroughetc.

(e) Typeofsuper-structuresuchasarchedgirder,truss,suspensionbridgeetc.

(f) Loadings: -RoadBridgesandculvertshavebeenclassifiedbyl.R.C.intoclass AA,ClassA,ClassB bridges

according to the loadings they are designed tocarry.

(9) SpanLength:-Underthiscategorythebridgescanbeclassifiedas

o Culverts(SpanLessthan8m)i.e.BOXType,HumePipeType,

e MinorBridge(Spanlength=8to30m)i.e.BOXtype,Girder Type

e MajorBridge(SpanLength=abovethan30m)
(h) DegreeofRedundancy:-Underthisthebridgescanbeclassifiedasdeterminate&indeterminatebridges.
(i) TypesofConnection: -Underthiscategorythesteelbridgescanbeclassifiedaspinnedconnected, riveted

or welded bridges.
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Classification of Bridges
1
1
[ :
Permanent Bridges Temporary Bridges
I l
Bo[at Truss Flying Bridges Bridges on Bridges Raft Pontoon Lift
on Piles Trestle on Cribs
r .C.C. Bridges Iron and Steel Culverts Prestressed
Ston;:;’::s gﬂg’ e i I g Concrete
Causeway Submersible ~Arch  Slab Slab and Arch Portal Cantilever Brick, stone, R.C.C
Beam Frame [
i W 1 T 1
ﬁ I l | I Box Type Pipe Arch Slab
Fixed Barrel Open Spandrel 2-Hinged 3-Hinged Bow_ String
Type Ribbed Arch Arch Arch Girder
Girder Suspension Movable Cantilever Composite Arch
: l Type
Parallel Flange Parabolic Straight line Vertical Stiffened [ I It 1
Girder ¢ Girder Type Suspension type Type Swing Bascule Refractiie Lift Ferry
Truss Plate Truss Plate 2-Hinged 3-Hinged Bow_ String
Type Type Type Type Combination Girder

ClassificationofBridge

REQUIRMENTSOFANIDEALBRIDGE:-
Anidealbridgemeetsthefollowingrequirementstofulfillthethreecriteriaofefficiency,effectiveness and
equity
> ltservestheintendedfunctionwithutmostsafetyandconvenience
» ltisaestheticallysound
»  Itiseconomical
ThesitecharacteristicofanldealBridgehasbeendiscussedbelow:
1. Thestreamatthebridgesideshouldbewelldefinedandasnarrowaspossible.
2. Thereshouldbeastraightreachofstreamatbridgesite
3. Thesiteshouldhavefirm,permanent,straightandhighbanks.
4

Theflowofwaterinthestreamatthebridgesiteshouldbeinsteadyregimecondition.Itshouldbe free from

whirls and cross-current.
Thereshouldbenoconfluenceoflargetributariesinthevicinityofbridgesite
Itshouldbereliabletohavestraightapproachroadsandsquarealignment,i.e.right-angledcrossing

Thereshouldbeminimumobstructionofanaturalwaterwaysoastohaveminimumafflux

© N o o0

Inordertoachieveeconomythereshouldbeeasyavailabilityoflabour,constructionmaterialand
transport facility in the vicinity of bridgesite.

9. Inordertohaveminimumfoundationcost,thebridgesiteshouldbesuchthatnoexcessiveworkis to be
carried inside the water

10. Atbridgesiteitshouldbepossibletoprovidesecureandeconomicalapproaches.
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11. In case of curved alignment the bridge should not be on the curve, but preferably on the tangentsince
otherwise there is a greater likelihood of accident as well as an added centrifugal force which
increases the load effect on the structure and will require modification ofdesign.

12. Thereshouldbenoadverseenvironmentalinput.

13. Thebridgesiteshouldbesuchthatadequateverticalheightandwaterwayisavailable

14. Underneaththebridge, rivershouldbeusedfornavigational purpose.

In actual practice the determination of best possible site for any proposed bridge is truly an economic
problem. The various factors which should be carefully examined before setting final layout of a bridge
are as follows:
i. Gradeonalignment,
ii.  GeographicalConditions,
iii.  Governmentrequirements,
iv. Commercialinfluences,
v.  Adjacentpropertyconsideration,
Vi. Generalfeaturesofthebridge structure,
Vii. Futuretrendsforenlargement,
viii.  TimeConsideration,
iX. FoundationConsiderations,
X.  Constructionfacilitiesavailable,
Xi. ErectionConsideration,
xii.  Aesthetics,
xiii.  Maintenanceandrepairs,

xiv.  EnvironmentalImpact
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CHAPTER-8
BridgeAlignment:-
Dependingupontheanglewhichthebridgemakeswiththeaxisoftheriver,thealignmentcanbeoftwo types:

a) SquareAlignments:-Inthisthebridgeisatrightangletotheaxisoftheriver.
b) SkewAlignments: -Inthisthebridgeisatsomeangletotheaxisoftheriverwhichisnotaright angle.

Note: -As faras possible,it isalways desirable to provide thesquare alignment. Theskewalignment suffers from

the following disadvantages:-

(i) AgreatskillisrequiredfortheconstructionofskewBridges.Maintenanceofsuchtypeof Bridges

is also difficult.

(ii) Thewater-pressureonpiersincaseofskewalignmentisalsoexcessivebecauseofhon-uniform flow of
water underneath the bridge superstructure.

(iii) Thefoundationofskewbridgeismoresusceptibletoscouraction.
FloodDischarge:-

One of the essential data for the bridge design is fair assessment of the maximum flow which could be
expected to occur at the bridges site during the design period of the bridge. The conventional practice in
India for determination of flood discharge is to use a few convenient formulae or pastrecords.

Note:-Thisfaultydeterminationofflooddischargewhichledtofailureofmanyhydraulic structures.

As per I.R.C. recommendation the maximum discharge which a bridge on a natural stream should be

designed to pass should be determined by the following methods:-

(a) Fromtherainfallandothercharacteristicsofthecatchment.
(i) Byuseofanempiricalformulaappliedtothatregion,or
(ii) Byarationalmethod,provideditispossibletoevaluatefortheregionconcernedthevarious factors
employed in the method.

(b) Fromthehydrauliccharacteristicsofthestreamsuchascross-sectional area,andslopeofthestream

allowing for velocity of flow.

(c) Fromtherecordsavailable,ifany,ofdischargesobservedonthestreamatthesiteofthebridge,oratany other site in

its vicinity.
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iricalMethodsforEstimationofElood Discharae:-

Inthesemethodsareaofabasinoracatchmentisconsideredmainly.Allotherfactorswhich influence peak

flow are merged in a constant.

Ageneralequationmaybefollowedintheform:-

Q=C.M"

Here, Q=PeakFloworrateofmaximumdischarge C=
a constant for the catchment
M=areaofcatchment,and‘n ’isanindex

Theconstantforcatchmentisarrivedat,aftertakingthefollowingfactorsinto account:

(A) BasinCharacteristics
a) Area
b) Shape
c) Slope

(B) StromCharacteristics
a) Intensity
b) Duration

c) Distribution

i hitations:
1. Thesemethodsdonottakefrequencyoffloodinto

consideration.

2. Thesemethodscannotbeapplieduniversally.
3. Fixingofconstantisverydifficultandexacttheorycannotbeputforthforitsselection.

1) Dicken’sFormula

Q=C.M¥

Here, Q=Dischargeincum/sec
C= a constant

M=areaofcatchmentinsg.km.

AccordingtotheareaofcatchmentandamountofrainfallCvariesfrom11.02to 22.04.
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2) Ryve’sformula

Q=C.M*

ThisformulaisusedonlyinSouthernindia.

Here, Q=Dischargeincum/sec

C=6.74 for areawithin24kmfromcoast, 8.45forareas within24-161 kmfromcoast,10.1for limited
hilly areas
InworstcaseCgoesupto 40.5

M=areaofcatchment insg.km.

3) InglisFormula

ThisformulaisusedonlyinMaharashtrastateandherethreedifferentcasesaretakenintoconsideration.

(a) Forsmallareasonly(ltisalsoapplicableforfan-shapedcatchment)

Q=123.2M

(b) Forareasbetween160to1000square km.
Q=123.2YM-2.62(M-259)

(c) Foralltypeofcatchment

Q=123.2M/N(M +10.36)
Inallequations,M=areaofcatchmentinsg.km.

4) NawabJangBahadur’sFormula:-

Q =C(M/ 2.59)(a -b.log M)

Here,a,b,andCare constant.
a=0.993andb= 1/14
C=59.5forNorthindiaor,
=48.1forSouth India

5) Creager’sFormula:-

g=C.M"

Here, g=thepeakflowpersg.kmofabasin M=

area of catchment in sq. km. and ‘n” is some index

BymultiplyingbothsidesoftheaboveequationareaofthebasinM,we get

Q=C.M™

WhereQispeakvalue
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EquationgivenbyCreager,JustinandHindsis

Q=46.CM(0.894M-0.048)

6) Khosla’sFormula:-

Itisarationalformula;itisbasedonthe equation

P=R+Lor R=P-L

Here,Risrun off,PisrainfallandLis losses.

L=4.82Tr, whereLisinmmandTmisincentigrade {inC.G.S.System}

..R=P-4.82Tn.ThisformulaisforT,=40°c,forlesservaluesof T mtheL value

varies. It is useful for river valley project.
7) Besson’sFormula:-
Thisformulaisveryrationalandcanbeusedinanycase:

Qm=(PmXQr)/(Pr)

Here, Qm=Peakflowexpected

Qr=Someobservedpeakflow P,

= Observed rainfall
Pm=expectedrainfall

onalMett imationofEloodDischarge:-

This method is applicable for determination of flood discharge for small culverts only. In order to

arrive at a rational approach, a relationship has been established between rainfall and runoff under various
circumstances. The size of flood depends upon the following factors.

(i) ClimateorRainfallFactors. Thisincludes
(a) Intensity(b)Distributionand(c)DurationofRainfall
(ii) CatchmentAreaFactors. This includes:
(a)CatchmentArea(b)itsslope(c)itsshape(d)porosityofsoil

(e)Vegetablecover(f)initialstateofwetness

WATERWAY

The area through which the water flows under a bridge superstructure is known as the waterway of
thebridge. Thelinear measurement ofthis areaalongthe bridgeis known asthelinearwaterway.Thislinear
waterway is equal to the sum of all the clear spans. This may be called as artificial linear waterway.
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Due to the construction of a bridge the natural waterway gets contracted thereby increasing the
velocity of flow under a bridge. This increased velocity results into heading up of water on the upstream of

the river or stream, known as Afflux.

EconomicSpan:-theeconomicspanofabridgeistheonewhichreducestheoverallcostofabridgetobe minimum. The

overall cost of a bridge depends upon the following factors

Costofmaterialanditsnature.
Availabilityofskilledlabour
Span Length.

2 o T p

Natureofstreamtobebridged.

e. Climaticandotherconditions.
Notes:-

It is not in the hand of engineers to bring down the cost of living index or price of the materials like
cement, steel, timber, etc. but they can help in bringing down the cost of bridges by evolving economical
designs.

Considering only variable items, the cost of superstructure increases and that of sub-structure
decreases with an increase in the span length. Thus most economic span length is that which stultifies the
following:-

ThecostofSuperStructure=ThecostoftheSub-Structure
AFFLUX

When a bridge is constructed, the structure such as abutments and piers cause the reduction ofnatural
waterway area. The contraction of stream is desirable because it leads to tangible saving in the cost
especially for alluvial stream whose natural surface width is too large than required for stability. Therefore,
to carry the maximum flood discharge, the velocity under a bridge increases. This increased velocity gives
rise to sudden heading up of water on the upstream side of the stream. The phenomenon of heading up of
water on the upstream side of the stream is known as“AFFLUX”

Greater the afflux greater will be the velocity under the downstream side of the bridge and greater

will be the depth of scour and consequently greater will be depth of foundations required.

Affluxiscalculatedbyoneofthefollowingformula

(A) Marriman’sFormula

h.=(V?/29){(A/C.a) *-(A/A)}

Here,h,=Affluxinmeters
V=Velocityofapproachinmeterspersecond A=
Natural Waterway area at the site

a=Contracted area in square meters
Ai.=Theenlargedareaatupstreamofthebridgeinsquare meters
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C=CoefficientofDischarge=0.75+0.35(a/A) -0.1(a/A)’approximately
(A)Molesworth’sFormula

VZ
ha = +0.015 |{(A/a)*-1}
17.9

Here,V,Aandahavethesame meaningasintheMarriman’sFormula

CLEARANCE

To avoid any possibility of traffic striking any structural part clearance diagram are specified. The
horizontal clearance should be the clear width and vertical clearance of the clear height, available for the

passage of vehicular traffic as shown in the clearance diagram in the figure below.

HO' 1zontal C'[ea) ance —», ,‘— r [
HO iz()"lta[ L& earance
a

| 825 }-1 ‘—c—{/;ao e
“ g T S 225
TTTTT77777 = T- /VotLes‘sTh
E 4 an 6800 for two
228 \g‘ S § s Traffic Lanes for each
Y s & - § = Additional Traffic Lane Increase
— ; 5 § S Road width by 3000 §
j{fzximum Moving ; g 5 S § —?
Dun.en.vzons of 7 X 5 = Level of cr' Wwim
3300 x 4500 \ / ¢
Half Section Showing Main i
Single Lane Fixed Structure in the :
Bridge Intermediate Portions of Multiple Lane
Bridge

a Bridge

ClearanceDiagramforRoadBridges

Note: - For a bridge constructed on a horizontal curve with super elevated road surfaces, the horizontal
clearance should be increased on the side of inner kerb by an amount equal to 5m multiplied by the super

elevation. The minimum vertical clearance should be measured from the super elevated level of roadway.

R&B
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FREEBOARD

Freeboardistheverticaldistancebetweenthedesignedhighfloodlevel allowingforthe afflux,if any, and

level of the crown of the bridge at its lowest point.
Itisessentialtoprovidethefreeboardinalltypesofbridgesforthefollowingreasons:-

» FreeBoardisrequiredtoallowfloatingdebris,fallentreetrunksandapproacheswavesto pass
under the bridge.

» Freeboardisalsorequiredtoallowfortheaffluxduringthemaximumflooddischargedue to
contraction of waterway.

» Freeboardisrequiredtoallowthevesselstocrossthebridgesincaseofnavigablerivers. The
value of free-broad depends upon the types of thebridge.

llectionofrid : _

For a complete and proper appreciation of the bridge project the engineer in charge of the
investigation should carry out studies regarding its financial, economic, social and physical feasibility. The
detailed information to be collected may cover loading to be used for design based on the present and
anticipated future traffic, hydraulic data based on stream characteristics, geological data, subsoil data,
climatic data, alternative sites, aesthetics, cost etc.
Thefollowingdrawingscontaininginformationasindicatedshouldbeprepared

1. INDEXMAP
CONTURESURVEYPLAN
SITEPLAN
CROSS-SECTION
LONGITUDINALSECTION
CATCHEMENTAREAMAP
SOILPROFILE

N o g~ N

Designdataformajorbridge:-

A- General data:-
(i) Nameoftheroadanditsclassification.
(ii) Nameofthe stream.
(iii) LocationofnearestG.T.S.benchmarkanditsreducedlevel.
(iv) Chainageatcentrelineofthestream.
(v) Existingarrangementforcrossingthestream.

a) DuringMonsoon b)Duringdryseason

(vi) Liabilityofthesitetoearthquakedisturbance

R&B
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B-CatchmentAreaandRunoff Data:-
(i) CatchmentArea
(a) HillyArea b)In plains
(i) Maximumrecordedintensityandfrequencyofrainfallincatchment.
(iti) Rainfallincentimetersperyearinaregion.
(iv) Lengthofcatchmentinkilometres.
(v) Widthofcatchmentinkilometres.
(vi) Longitudinalslopeofcatchment.
(vii) Crossslopeofcatchment.
(viii) Thenatureofcatchmentanditsshape.
C-DataRegardingNatureof Stream

D-DataregardingAlignment&Approaches
E-SuperstructureData

F-Foundation Data
G-Dataofexistingstructure
H-MiscellaneousData

Sub-Surfaceinvestigationisessentialfortoknowthepropertiesofthebridgesitesoil. Thefieldand laboratory

investigations required to obtain the necessarysoil data for the design are called soil exploration.
Theprincipalrequirementsofacompleteinvestigationcanbesummarizedasfollows:-

Natureofthesoildepositsuptosufficientdepth.
Depth,thicknessandcompositionofeachsoilstratum.
Thelocationofgroundwater.

Depthtorockandcompositionofrock.

o & N PE

Theengineeringpropertiesofsoilandrockstratathataffectthedesignof thestructure.

Inexplorationprogramme,theextentof distributionofdifferentsoilsbothinthehorizontal and
vertical directions can be determined by the following methods:

1. Byuse of openpits.

2. Bymakingboreholesandtakingoutsamples.
3. BySoundings.

4. Byuseofgeophysicalmethods.

R&B
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EquipmentsforlaboratoryWork:-

Thedisturbedsoilsampleastakenfrombedleveltoscourlevelateveryonemeterintervalorat depths

wherever strata changes are tested to determine the following properties:-

LiquidLimit,PlasticLimitandPlasticityIndex,
OrganicContent,

HarmfulSalts,

SieveAnalysis,

Silt Factor.

o~ DN Pe
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Theundisturbedsoilsamplesastakenbelowthescourleveltoalevelwherethepressureisabout 5% of the

pressure at the base are tested to determine

1. Particlesizeanalysis,

2. Valuesofcohesionandangleofinternalfrictionbysheartest,

3. Compressionindexandpre-consolidationpressurebyconsolidationtest,
4

Densityspecificgravityandmoisturecontent.

TheequipmentusedfortheabovetestsareasperrelevantISspecifications.
AdvantageofSub-Surfacelnvestigation:-
Therearemanifoldadvantagesofcarefullyplannedinvestigationprogramme. Thesecanbesummarizedas below:-

Asuitableandeconomicalsolutioncanbeworkedout.
Theconstructionschedulecanbeproperlyplanned.
Theextentandnatureofdifficultieslikelytobemetwithcanbedetermined.

Therateandamountofsettlementscanbedetermined.

ok WD PE

Thevariationinthewater —table,ofthepresenceofartesianpressurescanbefoundout.
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CHAPTERD
DepthofScour:-

DEPTH OF SCOUR (D) is the depth of the eroded bed of the river, measured from the water level
for the discharge considered. Well-laid foundation is mostly provided in road and railway bridges in India
over large and medium-sized rivers. The age-old Lacey-Inglis method issued for estimation of the design
scour depth around bridge elements such as pier, abutment, guide bank, spur and groyene. Codal provisions
are seen to produce too large a scour depth around bridge elements resulting in bridge sub-structures
thatleadtoincreasedconstruction costs. Limitationsthat exist inthecodesofpracticeareillustratedinthis paper
using examples.The methods recently developed for estimation of the scour are described. Newrailway and
road bridges are required to be built in large numbers in the near future across several rivers to strengthen
such infrastructure in the country. It is strongly felt that provisions in the existing codes of practice for
determination of design scour depth require immediate review. The present paper provides a critical note on
the practices followed in India for estimating the design scourdepth.
Indianpracticesonestimationofdesignscourdepth

1. Lacey-Inglismethod

2. CommentsonLacey’smethod

e The probable maximum depth of scour for design of foundations and training and protection works
shall be estimated considering local conditions.

e Wherever possible and especially for flashy rivers and those with beds of gravel or boulders,
sounding for purpose of determining the depth of scour shall be taken in the vicinity of the site
proposed for the bridge. Such soundings are best taken during or immediately after a flood beforethe
scour holes have had time to silt up appreciably. In calculating design depth of scour, allowance
shall be made in the observed depth for increased scour resultingfrom:

(1) Thedesigndischargebeinggreaterthantheflooddischargeobserved.
(ii) Theincreaseinvelocityduetotheconstrictionofwaterwaycausedbyconstructionof thebridge.
(iii) Theincreaseinscourintheproximityofpiersandabutments.

e 4.6.3 In the case of natural channels flowing in alluvial beds where the width of waterway provided
is not less than Lacey’s regime width, the normal depth or Scour (D) below the foundation design
discharge (Qf) level may be estimated from Lacey’s formula as indicatedbelow

D=0.473 (Q"f)**

Where D is depth in metres Qf is in cumecs and ‘f* is Lacey’s silt factor for representative
sample of bed material obtained from scour zone.

e  Where due to constriction of waterway, the width is less than Lacey’s regime width for Qf or where
it is narrow and deep as in the case of incised rivers and has sandy bed, the normal depth of scour
may be estimated by the followingformula:

D=1.338 (Q:%/f)*
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Where ‘Qs’ is the discharge intensity in cubic metre per second per metre width and f is silt factor
The silt factor ‘f* shall be determined for representative samples of bed material collected from scour zone
using the formula : f=1.76 Ym where m is weighted mean diameter of the bed material particles in mm.

Values of ‘f” for different types of bed material commonly met with are given below :

Typeofbed MaterialWeighted mean Valueoff’

diaofparticle(mm)
(i)Coarsesilt 0.04 0.35
(if)Fine sand 0.08 0.50

0.15 0.68
(iii)Mediumsand | 0.3 0.96

0.5 1.24
(iv)Coarse sand 0.7 1.47

1.0 1.76

2.0 249

Thedepthcalculated(videclause4.6.3and4.6.4above)shallbeincreasedasindicatedbelow,toobtain maximum

depth of scour for design of foundations, protection works and training works: -

Natureofthe river Depthof scour
Inastraightreach 1.25D
Atthemoderatebendconditionse.g.alongapronofguidebund 15D
Ataseverebend 1.75D
Atarightanglebendoratnoseofpiers 2.0D
Insevereswirlse.g.againstmoleheadofaguidebund. 2.5102.75D

Incaseofclayeybeds,wherever possible,maximumdepthofscourshallbeassessedfromactual observations.

TypesofBridge
beam bridge
continuous beam
overpass ; par/apet
arch bridge
trussed arch  upper portal
pier arch I chord frame
T ﬂﬂﬂ L 4 il =
f deck | underpass pier
deck lower chord !
¢ suspension bridge
anchorage _suspension suspender  approach
abutment column o cable ramp
side épan
deck centre span  tower abutment
Typesof Bridge
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Archbridge

Archbridge(concrete)

Througharchbridge

Beambridge

Logbridge(beambridge)

CavitywallViaduct

Bowstringarch

Boxgirderbridge
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Cable-stayedbridge

Cantileverbridge

Cantileversparcable-
stayed bridge

Clapperbridge

Coveredbridge

Girderbridge

Continuousspangirderbrid
ge

Moon bridge

Movablebridge
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Pigtailbridge

Plategirderbridge

Pontoonbridge

Rovingbridge

Segmental bridge

anchoredsuspen
sionbridge

Side-sparcable-
stayedbridge

Simple

suspension

bridge(Incaropebridge))

Step-stonebridge

Stressedribbonbridge

Suspensionbridge
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Transporterbridge

Trestle

Trussarchbridge

Trussbridge

Vierendeelbridge

Browntruss

Coveredbridge

Latticetrussbridge(Tow

nlattice truss

Tubularbridge

id lation:-
Definition:-Afoundationisthepartofthestructurewhichisindirectcontactwiththeground. Ittransfers the load of

the structure to the soil below. Before deciding upon its size, we must ensure that:

()
(i)
(iii)

Thebearingpressureatthebasedoesnotexceedtheallowablesoilpressure.
Thesettlementoffoundationiswithinreasonablelimits

Differentialsettlementistolimitedasnottocauseanydamagetothestructure.
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Broadly,foundationmaybeclassifiedundertwocategoriesi.e.

1. Shallowfoundation

2. Deep Foundation
ShallowFoundation:-AccordingtoTrezaghi,afoundationissaidtobeshallowifitsdepthisequal orless than its
width.
DeepFoundation:-AccordingtoTrezaghi,afoundationissaidtobedeep,thedepthisgreaterthanitswidth and it cannot
be prepared by open excavation.
TypesofBridgeFoundation:-

Theselectionoffoundationtypesuitableforaparticularsitedependsonthefollowingconsiderations:-
1) Natureof Subsoil
2) Natureandextentofdifficulties,e.g.presenceofboulder,buriedtreetrunks,etc.Likelytobemetwith,and
3) Availabilityofexpertiseandequipment.
Dependingupontheirnatureanddepth,bridgefoundationcanbecategoriesasfollows:

i OpenFoundation,

ii.  RaftFoundation,

iii.  PileFoundation,

iv. WellFoundation,

1. Anopenfoundationorspreadfoundationisatypeoffoundationandcanbelaidusingopen
excavation by allowing natural slopes on all sides.

2. ThistypeoffoundationispracticableforadepthofaboutSmandisnormallyconvenientabovethe water
table.

Thebaseofthepierorabutmentisenlargedorspreadtoprovideindividual support.

4. Since spread foundations are constructed in open excavation, therefore, they are termed as open
foundation.

5. This type of foundation is provided for bridges of moderate height built on sufficiently form day
ground.

6. The piers in such cases are usually made with slight batter and provided with footings widened at
bottom. Where the ground is not stiff the bearing surface is further extended by a wide layer of
concreter at bottom (see the figure).

(i) RaftFoundation:-

1. Araftfoundationormatisacombinedfootingthatcoverstheentireareabeneathabridgeand supports
all the piers and abutments.

2. Whentheallowablesoilpressureislow,orbridgeloadsareheavy,theuseofspreadfootingwould cover
more one-half of the area, and it may prove more economical to use raftfoundation

3. Theyarealsousedwherethesoilmasscontainscompressiblelensessothatthedifferential
settlement would be difficult to control.

4. Therafttendstobridgeovertheerraticdepositsand eliminatesthedifferential settlement.
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5. Raft foundation is also used to reduce the settlement above highly compressible soils by making the
weight of bridge and raft may undergo large settlement without causing harmful differential
settlement. For this reason, almost double settlement of that permitted for footings is acceptable for
rafts.

6. Usuallywhenhardsoilisnotavailablewithinl.5t02.5maraftfoundationisadopted.

7. Theraftiscomposedofreinforcedconcretebeamsarelativelythinslabunderneath, figure

1. Thepilefoundationisconstructionsforthefoundationofabridgepierorabutmentsupportedon piers.

2. Apileisanelementofconstructioncomposedoftimber,concreteorsteelorcombinationofthem.

3. Pilefoundationmaybedefinedasacolumnsupporttypeoffoundationwhichmaybecast-in-situor precast.

4. Thepilesmaybeplaceseparatelyortheymaybeplacedinformofaclusterthroughout thelengthof the pier or
abutment.

o

Thistypeofconstructionisadoptedwhentheloosesoilextendstogreatdepth.
6. Theloadofthebridgeistransmittedbythepilestohardstratumbeloworitisresistedbythefriction developed
on the sides of piles.

Classificationof piles:-

Pilesarebroadlyclassifiedintotwocategories:-.
i- Classificationbasedonthefunction

ii- Classificationbasedonthematerialsandcomposition

Classificationbasedonthefunction

» BearingPile.
FrictionPile.
ScrewPile.
CompactionPile.
UpliftPile.
BatterPile.
SheetPile.
lassificati | uncti

Cementconcretepiles.

YV V V V V V

TimberPiles.
SteelPiles.
SandPiles.
CompositePiles.

YV V. V V V
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() Well jationinbrid

a) Well foundationsarecommonlyusedfortransferringheavyloadstodeepstratainriver orseabed for
bridges, transmission towers and harbour structures. The situation where well foundations are
resorted are as below as) Wherever consideration of scour or bearing capacity require foundation to
be taken to depth of more than 5 M below ground level open foundation becomes uneconomical.
Heavy excavation and dewatering problem coupled with effort involve in retaining the soil makesthe
open foundation costlier in comparison to other type offoundation.
b) Soil becomes loose due to excavation around the open foundation and hence susceptible to

scouring. This is avoided in well foundation which is sunk by dredging inside of thewell.

c) From bearing pressure considerations, a well foundation can always be left hollow thereby
considerablyreducingbearingpressure transmittedtothe foundation material. This is veryimportant in
soils of poor bearing capacity, particularly in clayey soils. In other type of foundation, the soil
displaced is occupied by solid masonry/concrete which are heavier than the soil displaced and hence
this does not give any relief in respect of adjusting bearing capacity. However in case of well

foundation this is easily achieved because of cellular space left inside thewell._

Caisson:-

l RCC skab +— Well cap

-+ Cement concrete * « Top plug

L

™

Steining

\

NN

Well Cap
1. Cutting Edge
2. Curb

3. Steining

4. Bottom Plug Top Plug
5. Filling

6. Top Plug

Filling

7. Vert. Reinforcement
8.. Horizontal Reinforcement

9. Vert. Section.

10. Horizontal Section
11. Well Cap
12. Sub-structure

Stenining

(10)

13. Superstructure

Figure :- DETAILS OF WELL FOUNDATION
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Caisson: - The caisson is astructure used forthe purpose of placing as foundationin correct position
under water. The term caisson is derived from the French word ‘caisse’ meaning a box. It is a
member with hollow portion, which after installing in palace by any means is filled with concrete or

other material. Caissons are prepared in sandy soils the caissons can be divided in the followingthree

groups
a. BoxCaissons
b. OpenCaissonsorWells
c. PneumaticCaissons
Wellcomponentsandtheirfunctions:

» Cutting edge:- It provides a comparatively sharp edge to cut the soil below during sinking
operation. It is usually consists of a mild steel equal angle of side150mm.

» Curb: -1t has a two-fold purpose. During sinking it acts as an extension of cutting edge and
also provided support to the well steiningand bottomplugwhile after sinkingit transfers the
load to the soil below. It is made up of reinforced concrete using controlled concrete ofgrade
M200.

» Steining:- It is the main body of the well. It is serves dual purpose. It acts as a cofferdam
during sinking and structural member to transfer the load to the soil below afterwards. The
steining may consist of brick masonry or reinforced concrete. The thickness of steining

should not be less than 4.5 cm not less than that given byequation.

t=K {(H/100)+(D/10)}
Here, t=minimumconcretesteiningthickness.
H=welldepthbelowbed
D=ExternaldiameterofWell

K=aconstant whichisl.0forsandystrata.

» BottomPlug:-Its mainfunctionistotransfersloadfromthe steiningtothesoil below.

» SandPlug:-Itsutilityisdoubtful. Itissupposedtoaffordsomerelieftothesteining by
transforming directly a portion of load from well cap to bottomplug.

» TopPlug:-Theopinionisdividedaboutthetopplug. It,atleast,servesasa shuttering
for laying well cap.

» Reinforcement:—Itprovidesrequisitestrengthtothestructureduringsinkingand

service.

R&B
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» Well Cap: - It is needed to transfer the loads and moments from the pier to the well
or wells below. The shape of well cap is similar to that of the well with a
cantilevering of about 15cm. Whenever 2 or 3 wells of small diameter are needed to
support the sub-structure , the well cap designed as a slab resting over the well or
wells with partial fixity at the edges of the wells.

» Depth of Well Foundation:- As per I.R.C. Bridge Code (Part-Ill), the depth of well
foundation is to be decided on the followingconsideration

1. The minimum depth of foundation below the H.F.L. should be 1.33D,Where
D is the anticipated max. Depth of scour below H.F.L. Depth should
provided proper grip according to some rational formula.

2. The max bearing pressure on the subsoil under the foundationresulting form
any combination of the loads and forces except wind and seismicforces
should not exceed the safe bearing capacity of the subsoil, aftertaking into
account the effect of scour.

Withwindandseismicforcesinaddition,themax.Bearingpressure
should not exceed the safe bearing capacity of the subsoil by more than25%.

3. While calculating max. Baring pressure on the foundation bearing layer
resulting from the worst combination of direct forces and overturning
moments, the effect of a passive resistance of the earth on sides of the
foundation structure may be taken into account below the max, depth of
the scour only.

4. The effect of skin friction may be allowed on the portions below the max,
depth of scour. Accordingly for deciding the depth of well foundation, we
require correct estimation of the following.

1. Max.Sourdepth.

2. Safebearingcapacity.

3. Skinfriction.

4. Lateralearthsupportbelowmax.Scourlevel.
It is always desirable to fix the level of a well foundation on a sandy strata with adequate
bearing capacity. Whenever a thin stratum of clay occurring between two layers of sand is
met with, in that case well must be pierced through the clayey strata. If at all foundation has
to be laid on clayey layer it should be ensured that the clay is stiff.

Design loads and Forces. The forces acting o n a bridge structure, to be consideredfo

the design of a well foundation, are as follows:

Vertical
() Deadload,
(i) Liveload,

(iii) Buoyancy.
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Horizontal
M Windforce.
(i) Forceduetowatercurrents.
(iii) Longitudinalforcescausedbythetractiveeffortofvehicleorbybrakingeffectof
vehicles.
(iv) Longitudinalforceonaccountofresistanceofthebearingagainstmovementdueto
variations of temperature.
(V) Seismicforce.
(vi) Earthpressure.
(vii)  Centrifugalforce.
The I.R.C. Bridge code Il stipulates the magnitude of above loads and forces. The
magnitude,directionandpointofapplicationofalltheaboveforcescanberesolvedintotwo
horizontal forces, P and Q and a single vertical force W under the worst possible

combinations.



R&B

72
Chapterl10

Piers:-

Piers provide vertical supports for spans at intermediate points and perform two main functions:
transferring superstructure vertical loads to the foundations and resisting horizontal forces acting on the
bridge. Although piers are traditionally designed to resist vertical loads, it is becoming more and more
common to design piers to resist high lateral loads caused by seismic events. Even in some low seismicareas,
designers are paying more attention to the ductility aspect of the design. Piers are predominantly constructed
using reinforced concrete. Steel, to a lesser degree, is also used for piers. Steel tubes filled with concrete

(composite) columns have gained more attention recently.

eeld

Pier is usually used as a general term for any type of substructure located between horizontal spans
and foundations. However, from time to time, it is also used particularly for a solid wall in order to
distinguish it from columns or bents. From a structural point of view, a column is a member that resists the
lateral force mainly by flexure action whereas a pier is a member that resists the lateral force mainly by a

shear mechanism. A pier that consists of multiple columns is often called a bent.

There are several ways of defining pier types. One is by its structural connectivity to the
superstructure: monolithic or cantilevered. Another is by its sectional shape: solid or hollow; round,
octagonal, hexagonal, or rectangular. It can also be distinguished by its framing configuration: single or
multiple columns bent; hammerhead or pier wall. Selection of the type of piers for a bridge should be based
on functional, structural, and geometric requirements. Aesthetics is also a very important factor of selection
since modern highway bridges are part of a city’s landscape. Figure-1 shows a collection of typical cross
section shapes for overcrossings and viaducts on land and Figure-2 shows some typical cross section shapes
forpiersofriverandwaterwaycrossings.Often, piertypesaremandatedbygovernmentagenciesorowners. Many

state departments of transportation in the United States have their own standard column shapes.
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Broadlypiersareclassifiedunderfollowingtwocategories:-
. SolidPiers.
II.  Open Piers.

Solid wall piers, as shown in Figures 3-a and 4, are often used at water crossings since they can be
constructed to proportions that are both slender and streamlined. These features lend themselves well for
providing minimal resistance to flood flows.

Hammerhead piers, as shown in Figure 3-b, are often found in urban areas where space limitationis
a concern. They are used to support steel girder or precast prestressed concrete superstructures. They are
aesthetically appealing. They generally occupy less space, thereby providing more room for the traffic
underneath. Standards for the use of hammerhead piers are often maintained by individual transportation
departments. A column bent pier consists of a cap beam and supporting columns forming aframe.

Column bent pjers.as shown in Figure 3-c and Figure 27.5, can either be used to support a steel
girder superstructure or be used as an integral pier where the cast-in-place construction technique is used.
The columns can be either circular or rectangular in cross section. They are by far the most popular forms of
piers in the modern highway system.

A pile extension pierconsists of a drilled shaft as the foundation and the circular column extended
fromthe shaft to formthe substructure. An obvious advantage of this type of pier is that it occupies minimal
amount of space. Wideningan existingbridge in some instances mayrequire pile extensions because limited

space precludes the use of other types of foundations.
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(a) Solid wall pier (b) Hammerhead pier (c) Rigid frame pier
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(a) Bent for precast girders (b) Bent for cast-in-place girders
Abutments:-

They are the end supports of the superstructure, retaining earth on their back. They are built either
with masonry, stone or brick work or ordinary mass concrete or reinforced concrete. The top surface of the
abutment is made flat when the superstructure is of trusses or girders or semi-circular arch. In case of
segmental or elliptical arch type of superstructure, the abutment top is made skew. Weep holes are provided
at different levels through the body of the abutment to drain of the retained earth.
Thesalientfeaturesofbridgeabutmentsarelistedbelow.

(@) Height.Theheightoftheabutmentsiskeptequaltothatofthe piers.

(b) Abutment batter. Thewaterfaceofthe abutmentisusuallykeptverticalorcouldbe given abatterof 1 in 12
to 1in 24 as of piers. The face retaining earth is given a batter of 1 in 6 or may be stepped down.

(c) Abutment Width. The top width of the abutment should provide enough space for the bridge seatand
for the construction of a dwarf wall to retain earth up to the approachlevel.

(d) LengthofAbutment.Thelengthofabutmentiskeptatleastequaltothewidthofthebridge.

(e) Abutmentcap.Thedesignissimilartothatofpiercap.

Abutments can be spill-through or closed. The spill through abutment generally has a substantial
berm to help restrain embankment settlement at the approach of the structure.

Approach embankment settlement can also be accommodated by approach slabs to eliminate bumps
at the bridge ends, closed abutments partially or completely retain the approach embankments from spilling
under the span, and Bridges of several spans require expansion at the abutments. Therefore they are no
usually required to resist the longitudinal forces that develop.

Broadly,abutmentsareclassifiedunderthefollowingcategories.
1. Abutmentswithwingwalls
2. Abutmentswithoutwingwalls
Abutments with wing walls
(a) StraightWingwalls
(b) SplayedWingwalls
(c) Return Wing Walls
Abutmentswithoutwingwalls
(a) BuriedAbutments
(b) BoxAbutments
(c) TeeAbutments
(d) Arch Abutments
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Figure:- BOX ABUTMENT
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BuriedAbutments: -Thistype of abutmentsis generallybuilt priortothe placingofthefill. Sinceit isfilled on
both sides the earth pressure is low. Superstructure erection can be begin before placement of fill .
Box Abutments: -This employs a short span of bridge built integral with columns to act as a frame andresist
earth pressure of the approaches. It is most often used overpass work where the short span may be employed
for pedestrian passage (see figure).
TeeAbutments:-Thistypelookslike Tinplanandhasnowbecomeabsolute(seefigure)
Arch Abutments: - This type of abutment is used where arches are employed because of their economy in
certain conditions. The high inclined skewback thrusts are difficult to handle unless the abutment can be
seated in rock. Therefore, they are often used for span over gorges. (see figure)

WINGWALLS:

In a bridge, the wing walls are adjacent to the abutments and act as retaining_walls. They are
generally constructed of the same material as those of abutments. The wing walls can either be attached to
the abutment or be independent of it. Wing walls are provided at both ends of the abutments to retain the
earthfillingoftheapproaches. Theirdesign perioddependsuponthenatureofthe embankment and doesnot depend
upon the type or parts of the bridge.
Thesoilandfillsupportingtheroadwayandapproachembankmentareretainedbythewingwalls, which
canbeatarightangletotheabutmentorsplayedatdifferentangles. Thewingwallsaregenerally constructed at the

same time and of the same materials as the abutments.

Classificationofwi ngwal Is

icationis as follows:

1 Stralght Wlng WaIIs They are used for smaII brldges on dralns Wlth low banks and for railway bridges

in cities (weep holes are provided).

2. Splayed Wing walls: These are used for bridges across rivers. They provide smooth entry and exit to the
water. The splay is usually 45°. Their top width is 0.5 m, face batter 1 in 12 and back batter 1 in 6, weep
holes are provided.

3. Return Wing walls: They are used where banks are high and hard or firm. Their top width is 1.5 m and face is
vertical and back battered 1 in 4. Scourcan be a problem for wing walls and abutments both, as the water in the
stream erodes the supporting soil.
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CHAPTER-11

PERMANENTBRIDGES

MasonryBridges:-

Bridge unit the spandrel, which supports the bridge roadway. The spandrel is made fromgravel
or crushed stone backing held in by lateral (side) walls made of concrete masonry or stonework or in
theformof anopenmain load-bearingstructures aremade of natural stone, brick, or concrete blocks. Sucha
bridge is always arched, with massive supports. The main load-bearing element of a masonry bridge is the
arch, over which is structure of small arches resting on crosswalk. The advantages of a masonry bridge areits
architectural attractiveness and its durability. Masonry bridges are known that have been in use for more than
1,000 years. The basic short comings that limit the use of masonry bridges are their complexity and labor

intensiveness of construction..Theirsimplicity,economyandease withwhichpleasingappearance can be
obtained make them suitable for this purpose.
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Classificationofsteelbridges
Steelbridgesareclassifiedaccordingto
thetypeoftrafficcarried

thetypeofmainstructuralsystem

thepositionofthecarriagewayrelativetothemainstructuralsystem These
are briefly discussed in thissection.

Classificationbasedontypeoftrafficcarried

Bridgesareclassifiedas

Highwayorroadbridges
Railwayorrailbridges
Road -cum -railbridges
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Classificationbasedonthemainstructuralsystem

Manydifferent typesofstructuralsystemsareusedinbridgesdependinguponthespan,carriagewaywidth and types

of traffic. Classification, according to makeup of main load carrying system, is as follows:

(i) Girder bridges - Flexure or bending between vertical supports is the main structural action in this type.
Girder bridges may be either solid web girders or truss girders or box girders. Plate girder bridges are
adopted for simply supported spans less than 50 m and box girders for continuous spans up to 250 m. Cross
sections of a typical plate girder and box girder bridges are shown in Fig.7.2 (a) and Fig. 7.2(b) respectively.
Truss bridges [See Fig.7. 2(c)] are suitable for the span range of 30 m to 375 m. Cantilever bridges havebeen
built with success with main spans of 300 m to 550 m. . They may be further, sub-divided into simple spans,
continuous spans and suspended-and-cantilevered spans, as illustrated in Fig.7.3.
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Fig.7.2(a)Plategirderbridgesection

Fig.7.2(b)Boxgirderbridgesection
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Fig.7.2(c)Someofthetrussesusedinsteelbridges
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Girdar

(@} Diszontinuous spar
Supports girder bridge

%} C:mamou:w girder

span girder bridey

“ (c} Stigpanded and cantilever

Fig.7.3Typicalgirderbridges

(ii) Rigid frame bridges - In this type, the longitudinal girders are made structurally continuous with the
vertical or inclined supporting member by means of moment carrying joints [Fig.7.4]. Flexure with some

axial force is the main forces in the members in this type. Rigid frame bridges are suitable in the span range
of 25 mto 200 m.

B B
s

Fig.7.4Typicalrigidframebridge
(iii) Archbridges

The loads are transferred to the foundations by arches acting as the main structural element. Axial

compression in arch rib is the main force, combined with some bending. Arch bridges are competitive in
span range of 200 m to 500m.

(iv) Cable stayed bridges - Cables in the vertical or near vertical planes support the main longitudinal
girders. These cablesarehung from oneormoretall towers,andareusually anchored atthebottom to the
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girders.Cablestayedbridges areeconomicalwhenthespanisabout150mto700m.Layoutofcablestayed bridges

are shown in Fig. 7.6.

A

\

Fig.7.6Layoutofcablestayedbridges

(v) Suspension bridges - The bridge deck is suspended from cables stretched over the gap to be bridged,
anchored to the ground at two ends and passing over tall towers erected at or near the two edges of the gap.
Currently, the suspension bridge is best solution for long span bridges. Fig. shows a typical suspension
bridge. Fig. 7.8 shows normal span range of different bridge types.

Fig.7.7Suspensionbridge

Classificationbasedonthepositionofcarriageway
Thebridgesmaybeofthe"decktype™,"throughtype"or"semi-throughtype™. Thesearedescribedbelow with
respect to truss bridges:

(i) Deck type bridge -The carriageway rests on the top of the main load carrying members. In the deck
type plate girder bridge, the roadway or railway is placed on the top flanges. In the deck type truss girder

bridge, the roadway or railway is placed at the top chord level as shown in Fig.7.9(a).
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Fig.7.8Normalspanrangesofbridge system
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TYPESOFCONCRETEBRIDGES

ArchBridges
Arch bridges derive their strength fromthe fact that vertical loads on the arch generate compressive forces in the arch

ring, which is constructed of materials well able to withstand these forces. The compressive forces in the arch ring
result in inclined thrusts at the abutments, and it is essential that arch abutments are well founded or buttressed toresist
the vertical and horizontal components of these thrusts. If the supports spread apart the arch falls down. Traditionally,
arch bridges were constructed of stone, brick or mass concrete since these materials are very strong in compression
and the arch could be configured so that tensile stresses did not develop. Modern concrete arch bridges utilize
prestressing or reinforcing to resist the tensile stresses which can develop in slender archrings.

ReinforcedSlabBridges
For short spans, a solid reinforced concrete slab, generally cast in-situ rather than precast, is the simplest design. It is

also cost-effective, since the flat, level soffit means that false work and formwork are also simple. Reinforcement,
too, is uncomplicated. With larger spans, the reinforced slab has to be thicker to carry the extra stresses under load.
This extra weight of the slab itself then becomes a problem, which can be solved in one of two ways. The first is to
use prestressing techniques and the second is to reduce the deadweight of the slab by including ‘voids', often
expanded polystyrene cylinders. Up to about 25m span, such voided slabs are more economical than prestressed

slabs.

R&B
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BeamandSlabBridge

Beamandslabbridgesareprobablythemost common formofconcretebridgeintheUKtoday,thankstothe success of
standard precast prestressed concrete beams developed originally by the Prestressed Concrete Development
Group (Cement & Concrete Association) supplemented later by alternative designs by others, culminating in
the Y-beam introduced by the Prestressed Concrete Association in the late 1980s.

They have the virtue of simplicity, economy, wide availability of the standard sections, and speedof
erection.The precast beams are placed on the supporting piers or abutments, usually on rubber bearings which are
maintenance free. An in-situ reinforced concrete deck slab is then cast on permanent shuttering which spans
between the beams.

The precast beams can be joined together at the supports to form continuous beams which are structurally more
efficient. However, this is not normally done because the costs involved are not justified by the increased

efficiency.

Simplysupportedconcretebeamsandslabbridgesarenowgivingwaytointegralbridgeswhich offertheadvantages of less

cost and lower maintenance due to the elimination of expansion joints and bearings.

Techniquesofconstructionvaryaccordingtotheactualdesignandsituationofthebridge,therebeingthreemain types:

1. Incrementallylaunched
2. Span-by-span
3. Balancedcantilever

Incrementallylaunched

R&B

As the name suggests, the incrementally launched technique creates the bridge section by section, pushing the
structureoutwardsfromtheabutmenttowardsthepier. Thepracticallimit onspanforthetechniqueisaround75m.

Span-by-span
Thespan-by-spanmethodisusedformulti-spanviaducts,wheretheindividualspancanbeupto60m.

Thesebridgesareusuallyconstructedin-situwiththefalseworkmovedforwardspanbyspan,but canbebuilt of precast
sections, put together as single spans and dropped into place, span by span.
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Balancedcantilever

In the early 1950's, the German engineer Ulrich Finsterwalder developed a way of erecting prestressed concrete
cantilevers segment by segment with each additional unit being prestressed to those already in position. This

avoids the need for false work and the system has since been developed.

Whether created in-situ or using precast segments, the balanced cantilever is one of the most dramatic ways of
buildingabridge.Workstartswiththeconstructionoftheabutmentsandpiers. Then,fromeachpier,thebridgeis constructed
in both directions simultaneously. In this way, each pier remains stable - hence 'balanced’ - until finally the
individual structural elements meet and is connected together. In every case, the segments are progressively tied
back to the piers by means of prestressing tendons or bars threaded through eachunit.

IntegralBridges

R&B

One of the difficulties in designing any structure is deciding where to put the joints. These are necessary to allow
movement as the structure expands under the heat of the summer sun and contracts during the cold of winter.
Expansion joints in bridges are notoriously prone to leakage. Water laden with road salts can then reach the topsof
the piers and the abutments, and this can result in corrosion of all reinforcement. The expansive effects of rust
cansplitconcreteapart. In addition, expansionjointsand bearings areanadditionalcost so moreand morebridges are
being built without either. Such structures, called 'integral bridges', can be constructed with all types of concrete
deck. They are constructed with their decks connected directly to the supporting piers and abutments and with no
provision in the form of bearings or expansion joints for thermal movement. Thermal movement of the deck is
accommodated by flexure of the supporting piers and horizontal movements of the abutments, with elastic
compression of the surrounding soil.
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Already used for lengths up to 60m, the integral bridge is becoming increasingly popular as engineers and
designers find other ways of dealing with thermal movement.
Cable-StayedBridges

For really large spans, one solution is the cable-stayed bridge. These types of bridges first developed in west
Germany. They consists of cables provided above the deck and are connected to the towers. The deck is either
supported by a number cables meeting in a bunch at the tower or by joining at different levels on the tower. The
multiple cables would facilitate smaller distance between points of supports for the deck girders. This results in
reduction of structure depth. The cables can arrange in one plane or two planes. The two plane system requires
additional widths to accommodate the towers and deck anchorages. Singly plane system requires less width of
deck.Where all elements are concrete, the design consists of supporting towers carrying cables whichsupport
thebridgefrombothsidesofthetower.Most cable-stayedbridgesarebuilt usingaformofcantilever construction which

can be either in-situ or precast.

The cable stayed bridges are similar to suspension bridges except that there are no
suspenders in the cable stayed bridges and the cables are directly stretched from the towers to connect with
decking. No special anchorage is required for the cables as incase of suspension bridges because the anchorage at
one end is done in the girder and at the other on top of tower. The cable-stayed bridges have been found
economical for up to span 300m. However due to cantilever effect their deflection is rather high and hence theyare
not preferred for very long span inrailways.

SuspensionBridges

Concrete plays an important part in the construction of a suspension bridge suspension bridgs are ideal solutionfor
bridging gaps in hilly areas because of their construction technology and capacity of spanning large gaps. There
will be massive foundations,usuallyembeddedin the ground, thatsupportthe weight and cableanchorages

.The cable takes shape of catenary between two points of suspension. The flooring of bridge supported by thecable
by virtue of tension developed in its cross section. The vertical members are known as suspenders are provided to
transfer load from bridge floor to suspension cable. There will also be the abutments, again probably
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inmassconcrete,providingthevitalstrengthand abilitytoresist theenormousforces,andinaddition,theslender
superstructurescarryingtheupperendsofthesupportingcablesarealsogenerallymadefromreinforced concrete.

Typicaldeck,throughandsemi-throughtypetrussbridges
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(ii) Through Type Bridge - The carriageway rests at the bottom level of the main load carrying

members. In the through type plate girder bridge, the roadway or railway is placed at the level ofbottom

flanges. In the through type truss girder bridge, the roadway or railway is placed at the bottom chord

level. The bracing of the top flange or lateral support of the top chord under compression is also

required.

(iii) Semi through Type Bridge - The deck lies in between the top and the bottom of the main load

carrying members. Thebracingofthetopflange or top chord under compressionis not done andpart of the

load carrying system project above the floor level The lateral restraint in the system is obtained usually

by the U-frame action of the verticals and cross beam actingtogether.
Concretebridges-

Theycanbedividedintothefollowingmainclasses
(1)Unstiffened suspension Bridges.
(2)StiffenedsuspensionBridges.

Un-stiffened suspension Bridges:-Incase of Un-stiffened suspension Bridges the moving load is

transferred direct to the cables by each suspender. These are used for light construction such as foot

bridges forest train structures, etc where the moving load is negligible and deflection requirements are

not controlling. Alsotheplaceswherespanis verylongand theratiodeadto movingloadintensityis so great to

render stiffening unnecessary.

Stiffened suspension Bridges:-In stiffened type suspension Bridges moving loads are transformed to

the cables through mediumof trusses called stiffeninggirders .The stiffeninggirder assists the cable to

become more rigid and prevent change in shape and gradient of roadway platform. It is therefore

adopted for heavy traffic .
IRCBFridgeloading:-

The public roads in India are managed and controlled by the Government and hence

bridges to be constructed for roads to be designed as per standards set up by standard authorities. For
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highwaybridgesstandardspecificationsarecontainedinthelndianRoadCongress(l.R.C)  Bridgecode. In
India, highway bridges are designed in accordance with IRC bridge code. IRC: 6 - 1966 — Section 1l
gives the specifications for the various loads and stresses to be considered in bridge design. There are

three types of standard loadings for which the bridges are designed namely,

(@) IRCclassAAloading,
(b) IRCclassAloading
(c) IRCclassBloading.

IRCclass AA loading:-
IRC class AA loading consists of either a tracked vehicle of 70 tonnes or a wheeled vehicle of 40

tonnes with dimensions as shown in Fig. The units in the figure are mm for length and tonnes for load.
Normally, bridges on national highways and state highways are designed for these loadings. Bridges
designed for class AA should be checked for IRC class A loading also, since under certain conditions,
larger stresses may be obtained under class A loading. Sometimes class 70 R loading given in the
Appendix - | of IRC: 6 - 1966 - Section Il can be used for IRC class AA loading. Class 70 Rloading is

not discussed further here.
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I.R.C. Class AA !_oading—wheeled vehicle

IRC class A loading:-Class A loading is based on heaviest type commercial vehicle consists of awheel
load train composed of a driving vehicle and two trailers of specified axle spacings. This loading is

normally adopted on all roads on which permanent bridges areconstructed.
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I.R.C. Class A and Class B loading
.IRCclassBloading:-ClassBloadingisadoptedfortemporarystructuresandforbridgesinspecified areas. For
class A and class B loadings, reader is

referredtolRC:6-1966—Sectionll.
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CHAPTER-12
CULVERTSANDCAUSEWAYS

Culvert- A culvert is defined as a small bridge constructed over a stream which remains dry most part

of the year. It is across drainage work havingtotal length not exceedingémbetween faces of abutment.

Typesof Culverts;-
Thefollowingaresixdifferenttype culvert.
1. Archculvert
2. Boxculvert
3. PipeCulvert
4. SlabCulvert
Arch culvert:-
Anarchculvertconsistsofabutmentswingwalls,arch,parapetsandthefoundation. Theconstruction materials
commonly used are brick work or concrete. Floor and curtain wall may or may notbe provided

depending upon the nature of foundation soil and velocity of flow. A typical arch culvert is shown in
figure.

Box culvert:-
Incaseofboxculverttherectangularboxesareformedofmasonry,R.C.Corsteel. TheR.C.Cbox culverts are
very common and they consist of the following two component
(i) Thebarrelorboxsectionofsufficientlengthtoaccommodatetheroadwayandthe Krebs.
(ii) Thewingwallssplayedat45forretainingtheembankmentandalsoguidingtheflowofwaterinto and out
of the barrel.

/).P/—Paru;w!

An R.C.C. box culvert
Fic. 6-2
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Fig.6-2showsanR.C.Cboxculvertwithtwoopenings.Followingpointsshouldbe noted.

(i)Foundation: The box culverts prove to be safe where good foundations are easily available.
(if)Height: The clear vent height i.e. the vertical distance between top and bottom of the culvert rarely
exceeds 3 meters.

(iif) Sap: The box culverts are provided singly or in multiple units with individual span exceed about 6
m or so, it requires thick section which will make the constructionuneconomical.

(iv) Top: Dependingupon the siteconditions, the top level of box maybe at theroadlevel orit can even be
at a depth below road level with filling of suitablematerial.

Pipe Culvert:

They are provided when discharge of stream is small or when sufficient headway is not available.
Usually one or more pipes of diameter not less than 60cm are placed side by side. Their exact number
and diameter depend upon the discharge and height of bank. For easy approach of water splayed type
wing walls are provided infig. 6.3 shows a Hume pipes culvert of single pipe. The pipes can be built of
masonry. Stone ware, cement concrete, cast iron or steel. Concrete bedding should also be given below
the pipes and earth cushion of sufficient thickness on the top to protect the pipes and their joints. For
Economic reason road culverts should have non-pressure heavy duty pipes of type ISI class NP3
conforming to 1S:458-1961. As far possible the gradient of the pipe should not be less than 1000.
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Pipe culvert
Fic. 6-3

Slab Culvert:

A slab culvert consists of stone slabs or R.C.C slab, suitably support on masonry walls on either side.As
shown in fig 6-4. The slab culverts of simply type are suitable up to a maximum span of 2.50 m or so.
Howeverthe R.C.C culvertsofdeck slab typecan economically be adopted up to spans ofabout8

m. However, the thickness of slab and dead weight may sometimes prove to be the limiting factors for

deciding the economical span of this type of culverts.
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The construction of slab culverts is relatively simple as the frame work can easily be arranged,
reinforcement can be suitably placed and concreting can be done easily. This type of culvert can
beusedforhighwayaswellasRailwayBridge.Dependinguponthespanofculvertandsiteconditionsthe
abutment and wing walls of suitable dimensions may be provided. The parapet or hand rail of at least
750 mm height should be provided on the slab to define the width ofculvert.

CAUSEWAYS:

A road causeway is a pucca dip which allows floods to pass over it. It may or may not have opening or
ventsforlowwater toflow.If it hasventsforlowwatertoflowthenit isknown as high level causeway or
submersible bridge ; otherwise a low level causeway.

TYPESOFCAUSEWAY:

A) Lowlevel causeway:

It is also known as Irish Bridge. The beds of small rivers or streams, which remain dry for
most part of the year, are generally passable without a bridge. This involves heavy earth works in
cutting for bridge approaches .Banks of such types of streams are cut down at an easy slope. Forstreams
of rivers in plains having sandy beds, it is often sufficient to lay bundles of grass over and across the

sandy track. The bundles may be of 20 to 25cm in diameter whose ends are secured by longitudinal
fascines pegged down by stakes.

For crossings important from traffic point of view it is essential to lay a metal or pucca
paving of stone or brick set in lime mortar on a substantial bed of concrete. To prevent against possible
scour and undermining a cut off or dwarf wall usually 60cm deep on the upstream side and 120 to
150cm on downstream side is provided. Fig. 5.3.1 below shows the details of a typical Irish bridge.
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ThelowlevelcausewaycouldbeprovidedwithopeningsformedbyconcreteHumepipesifthereisa continuous

flow stream during the monsoon periods.

B) HighlevelCauseway:

A high level causeway is submersible road bridge designed to be overtopped in floods. Its
formation level is fixed in such a way as not to cause interruption to traffic during floods for more than
threedaysat atimenotformorethansixtimesinayear. Asufficient numbersofopeningsareprovided to allow
the normal flood discharge to pass through them with the required clearance. They areprovided with
abutments and piers, floors and slabs or arches to form the required number of openings. The slope of
the approaches is kept as 1 in 20.When the velocity is high and stream bed is soft the aprons could be of
concrete or harder masonry upto a certain distance. Similarly, the road can beformed of a cement
concrete slab or stone blocks set in cement mortar. A typical type of high level causeway is shown in
Fig.5.3.3.If railing are provided in the bridge, they should be of collapsible type. Temporary
causewaysused for an emergency military operations are formed either by using

timber stringers and planking over cribs used as piers or by constructing a culvert usingpipes.

e
LONIGITUDINAL-SECTEN
Fig. 5'3'3. High Level Causeway.
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