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RAILWAYENGINEERING

INTRODUCTION

Intheyear1832thefirstRailwayrunningonsteam engine,waslaunchedinEngland.Thereafteron

1stofAugust,1849theGreatIndianPeninsularRailwaysCompanywasestablishedinIndia.On17th

ofAugust1849,acontractwassignedbetweentheGreatIndianPeninsularRailwaysCompanyand

EastIndiaCompany.Asaresultofthecontractanexperimentwasmadebylayingarailwaytrack

betweenBombayandThane(56Kms).

 On16thApril,1853,thefirsttrainservicewasstartedfrom BombaytoThane.

 On15thAugust,1854,the2ndtrainservicecommencedbetweenHowrahandHubli.

 Onthe1stJuly,1856,the3rdtrainserviceinIndiaandfirstinSouthIndiacommenced

betweenVyasarpadiandWalajahRoadandonthesamedaythesectionbetweenVyasarpadi

andRoyapuram byMadrasRailwayCompanywasalsoopened.Subsequentlyconstructionof

thisefficienttransportsystem begansimultaneouslyindifferentpartsoftheCountry.Bythe

endof19thCentury24752Kms.ofrailtrackwaslaidfortraffic.Atthisjuncturethepower,

capital,revenuerestedwiththeBritish.Revenuestartedflowingthroughpassengeraswellas

throughgoodstraffic.

Organizational

structure Railway

zones

IndianRailwaysisdividedintoseveralzones,whicharefurthersub-dividedintodivisions.The

numberofzonesinIndianRailwaysincreasedfrom sixtoeightin1951,ninein1952andsixteenin

2003.Eachzonalrailwayismadeupofacertainnumberofdivisions,eachhavingadivisional

headquarters.Thereareatotalofsixty-eightdivisions.Eachofthesixteenzonesisheadedbya

generalmanagerwhoreportsdirectlytotheRailwayBoard.Thezonesarefurtherdividedinto

divisionsunderthecontrolofdivisionalrailwaymanagers(DRM).

AdvantagesofRailways

Therailwaysoffersvariousadvantagesandforthepurposeofconvenience,theycanbe

describedinfollowingthreecategories.

1.EconomicAdvantages

i) Employmenttopeopleintheform ofstaffrequiredforsmoothworkingofrailways.

ii) Encouragementtocommercialfarming.

iii) Increaseincostoflandtherebyincreaseofnationalwealth.

iv) Industrialdevelopmentandgrowthbecauseofmobilityoflabourandrawmaterials.



v) Stabilizationofpricesduetoeasy,speedy&efficientmobilityofproducts&

naturalresources.

vi) Increaseinmobilityofpeopleandtherebyrelievingsomeextentthecongestion

ofbigcities.

vii) Transportingfoodandclothesintimesofemergencieslikefloodsandfaminesetc.

2.PoliticalAdvantages

i) Easycontrolofthecentraladministration.

ii) Developmentofanationalmentalityinthemindsofpeople.

iii) Migratingpopulationonamassscale.

iv) Mobilizingtroopsandwarequipmentsintimesofwarandemergencies.

v) Unityofpeopleofdifferentcastes,customsandreligions.

3.SocialAdvantages

i) Broadeningthesocialoutlookofmassesaspeoplecanvisitallthepartsof

countryandbeproudofthisgreatcountry.

ii) Easyaccesstoreligiousplacesofimportance.

iii) Providingconvenientandsafemodeoftransport.

iv) Removaloffeelingofisolationastherailwayhasprovedtobethemostsafe,

economicandcomfortablemodeofconveyance.



CHAPTER-2

Permanentway



ThefinishedorcompletedtrackofarailwaylineiscommonlyknownasPermanent

Way.Itessentiallyconsistsoffollowingthreeparts.

1.Rails

2.Sleepers

3.Ballast

Therailsarefixedwitheachotherbymeansofvariousrailfasteningsandtheyrest

onsleeperswhicharelaidatrightanglestothem.Thesleepersinturnrestonballast

whichisspreadovertheformationgroundpreparedfortherailwaytrack.

Requirementsofanidealpermanentway

1.Thegaugeoftrackshouldbeuniform andthereshouldnotbevaryinggauges.

2.Thereshouldbeminimum frictionbetweenthewheelsofrollingstockandtherails.

3.Facilitiesshouldbeprovidedatvariouspointsalongthepermanentwaytorepair,

replaceorrenewthedamagedportionofthetrack.

4.Thedesignofthepermanentwayshouldbesuchthattheloadofthetrainis

uniformlydistributedoverit.

5.Thecomponentsofthepermanentwayshouldbesoselectedastoproducea

permanentwaywithacertaindegreeofelasticitytopreventtheshocksdue

toimpact.

6.Thegradientprovidedonthepermanentwayshouldbeevenanduniform.

7.Thespecialattentionshouldbegivenonthedesignofpermanentwayoncurves.

8.Theoverallconstructionofthepermanentwayshouldbesuchthatitrequires

minimum maintenance.

9.Thepermanentwayshouldpossesshighresistancetodamageatthetimeofderailment.

10.Thedrainagefacilityshouldbeperfect&Therailjointsshouldbeproperlydesignedand

maintained.

RailGauges

InIndia,thegaugeofarailwaytrackisdefinedastheclearminimum perpendicular

distancebetweentheinnerfacesofthetworails.



DIFFERENTGAUGESONINDIANRAILWAYS

TheEastIndiaCompanyintendedtoadoptthestandardgaugeof1435mm inIndiaalso.

Thisproposalwas,however,challengedbyW.Simms,ConsultingEngineertothe

GovernmentofIndia,whorecommendedawidergaugeof1676mm (5'6").TheCourtof

DirectorsoftheEastIndiaCompanydecidedtoadoptSimms'srecommendationand5'6"

finallybecametheIndianstandardgauge.In1871,theGovernmentofIndiawantedto

constructcheaperrailwaysforthedevelopmentofthecountryand1000mm metre

gaugewasintroduced.Induecourseoftime,twomoregaugesofwidths762mm (2'6")

and610mm (2'0")wereintroducedforthinlypopulatedareas,mountainrailways,and

othermiscellaneouspurposes.ThedetailsofthevariousgaugesexistingonIndian

RailwaysaregiveninTablebelow.

Nameofgauge Width
(mm)

Route(km) %ofroute(km)

Broadgauge(BG) 1676 55,188 85.6

Metregauge(MG) 1000 6809 10.6

Narrowgauge(NG) 762 2463 3.8

610

Totalallgauges 64,460 100

BroadGauge:-Whentheclearhorizontaldistancebetweentheinnerfacesoftwoparallelrails

formingatrackis1676mm thegaugeiscalledBroadGauge(B.G)

ThisgaugeisalsoknownasstandardgaugeofIndiaandisthebroadestgaugeoftheworld.

TheOthercountriesusingtheBroadGaugearePakistan,Bangladesh,SriLanka,Brazil,Argentine,
etc.50%



India‘srailwaytrackshavebeenlaidtothisgauge.

Suitability:-BroadgaugeissuitableunderthefollowingConditions:-

(i)Whensufficientfundsareavailablefortherailwayproject.

(ii) Whentheprospectsofrevenueareverybright.

Thisgaugeis,therefore,usedfortracksinplainareaswhicharedenselypopulatedi.e.forroutes

ofmaximum traffic,intensitiesandatplaceswhicharecentersofindustryandcommerce.

2.MetreGauge:-Whentheclearhorizontaldistancebetweentheinnerfacesoftwoparallelrails

formingatrackis1000mm,thegaugeisknownasMetreGauge(M.G)Theothercountries

usingMetregaugeareFrance,Switzerland,Argentine,etc.40%ofIndia‘srailwaytrackshave

beenlaidtothisgauge.

Suitability:-MetreGaugeissuitableunderthefollowingconditions:-

(i)Whenthefundsavailablefortherailwayprojectareinadequate.

(ii)Whentheprospectsofrevenuearenotverybright.

Thisgaugeis,therefore,usedfortracksinunder-developedareasandininteriorareas,where

trafficintensityissmallandprospectsforfuturedevelopmentarenotverybright.

3.NarrowGauge:-Whentheclearhorizontaldistancebetweentheinnerfacesoftwoparallelrails

formingatrackiseither762mm or610mm,thegaugeisknownasNarrow gauge(N.G)The

othercountriesusingnarrowgaugeareBritain,SouthAfrica,etc.10%ofIndia‘srailwaytracks

havebeenlaidtothisgauge.

Suitability:-Narrowgaugeissuitableunderthefollowingconditions:-

(i)Whentheconstructionofatrackwithwidergaugeisprohibitedduetotheprovisionofsharp

curves,steepgradients,narrowbridgesandtunnelsetc.

(ii)Whentheprospectsofrevenuearenotverybright.Thisgaugeis,therefore,usedinhillyand

verythinlypopulatedareas.Thefeedergaugeiscommonlyusedforfeedingrawmaterialsto

biggovernmentmanufacturingconcernsaswellastoprivatefactoriessuchassteelplants,oil

refineries,sugarfactories,etc.

CHOICEOFGAUGE

Thechoiceofgaugeisverylimited,aseachcountryhasafixedgaugeandallnewrailwaylines

areconstructedtoadheretothestandardgauge.However,thefollowingfactorstheoretically

influencethechoiceofthegauge:

Costconsiderations

Thereisonlyamarginalincreaseinthecostofthetrackifawidergaugeisadopted.Inthis

connection,thefollowingpointsareimportant

(a)Thereisaproportionalincreaseinthecostofacquisitionofland,earthwork,rails,sleepers,

ballast,andothertrackitemswhenconstructingawidergauge.

(b)Thecostofbuildingbridges,culverts,andrunnelsincreasesonlymarginallyduetoawidergauge.

(c)Thecostofconstructingstationbuildings,platforms,staffquarters,levelcrossings,signals,

etc.,associatedwiththerailwaynetworkismoreorlessthesameforallgauges.



(d)Thecostofrollingstockisindependentofthegaugeofthetrackforcarryingthesamevolumeoftraffic.

Trafficconsiderations

Thevolumeoftrafficdependsuponthesizeofwagonsandthespeedandhaulingcapacityofthe

train.Thus,thefollowingpointsneedtobeconsidered.

(a)Asawidergaugecancarrylargerwagonsandcoaches,itcantheoreticallycarrymoretraffic.

(b)Awidergaugehasagreaterpotentialathigherspeeds,becausespeedisafunctionofthe

diameterofthewheel,whichinturnislimitedbythewidthofthegauge.Asathumbrule,

diameterofthewheeliskept75percentofgaugewidth.

(c)Thetypeoftractionandsignallingequipmentrequiredareindependentofthegauge.

Physicalfeaturesofthecountry

Itispossibletoadoptsteepergradientsandsharpercurvesforanarrow gaugeascomparedtoa
widergauge.

Uniformityofgauge

Theexistenceofauniform gaugeinacountryenablessmooth,speedy,andefficientoperationof

trains.Therefore,asinglegaugeshouldbeadoptedirrespectiveoftheminoradvantagesofawider

gaugeandthefewlimitationsofanarrowergauge.
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TRACK
MATERIALS



RAILS

Introduction

Railsarethemembersofthetracklaidintwoparallellinestoprovideanunchanging,

continuous,andlevelsurfaceforthemovementoftrains.Tobeabletowithstandstresses,

theyaremadeofhigh-carbonsteel.Standardrailsections,theirspecifications,andvarious

typesofraildefectsarediscussedinthissection.

FUNCTIONOFRAILS

Railsaresimilartosteelgirders.Theyperform thefollowingfunctionsinatrack:

(a)Railsprovideacontinuousandlevelsurfaceforthemovementoftrains.

(b)Theyprovideapathwaywhichissmoothandhasverylittlefriction.Thefrictionbetween

thesteelwheelandthesteelrailisaboutone-fifthofthefrictionbetweenthepneumatic

tyreandametalledroad.

(c)Theyserveasalateralguideforthewheels.

(d)Theybearthestressesdevelopedduetoverticalloadstransmittedtothem through

axlesandwheelsofrollingstockaswellasduetobrakingandthermalforces.

(e)Theycarryoutthefunctionoftransmittingtheloadtoalargeareaoftheformation

throughsleepersandtheballast.



REQUIREMENTSOFANIDEALRAILSECTION

Therequirementsofanidealrailsectionareasfollows:

(a)Therailshouldhavethemosteconomicalsectionconsistentwithstrength,stiffness,

anddurability.

(b)Thecentreofgravityoftherailsectionshouldpreferablybeveryclosetothemid-

heightoftherailsothatthemaximum tensileandcompressivestressesareequal.

(c)A railprimarilyconsistsofahead,aweb,andafoot,andthereshouldbean

economicalandbalanceddistributionofmetalinitsvariouscomponentssothateach

ofthem canfulfillitsrequirementsproperly.

Therequirements,aswellasthemainconsiderations,forthedesignoftheserail

componentsareasfollows:

HeadTheheadoftherailshouldhaveadequatedepthtoallowforverticalwear.Therail

headshouldalsobesufficientlywidesothatnotonlyisawiderrunningsurface

available,butalsotherailhasthedesiredlateralstiffness.

WebThewebshouldbesufficientlythicksoastowithstandthestressesarisingdueto

theloadsborebyit,afterallowingfornormalcorrosion.

FootThefootshouldbeofsufficientthicknesstobeabletowithstandverticaland

horizontalforcesafterallowingforlossduetocorrosion.Thefootshouldbewide

enoughforstabilityagainstoverturning.Thedesignofthefootshouldbesuchthatit

canbeeconomicallyandefficientlyrolled.

FishinganglesThesemustensurepropertransmissionofloadsfrom therailstothe

fishplates.Thefishinganglesshouldbesuchthatthetighteningoftheplatedoesnot

produceanyexcessivestressontheweboftherail.

HeightoftherailTheheightshouldbeadequatesothattherailhassufficientvertical

stiffnessandstrengthasabeam.

Weightofrails

Thoughtheweightsofarailanditssectiondependuponvariousconsiderations,the

heaviestaxleloadthattherailhastocarrvolavsthemostimportantrole.Thefollowing

isthethumbrulefordenningthemaximum axleloadwithrelationtotherailsection:

Maximum axleload=560xsectionalweightofrailinIbsperyardorkgpermetre

• Forrailsof90Ibsperyard,



Maximum axleload=560x90Ibs=50,400Ibsor22.5tonnes

• Forrailsof52kgperm,

Maximum axleload=560x52kg=29.12tonnes

• Forrailof60kgperm,

Max.axleloadfor60kg/m rail=560x60kg=33.60tonnes

Lengthofrails

Theoretically,thelongeristherail,thelesserwouldbethenumberofjointsandfittings

required and the lesserthe costofconstruction and maintenance.Longerrails are

economicalandprovidesmoothandcomfortablerides.Thelengthofarailis,however,

restrictedduetothefollowingfactors:

(a)Lackoffacilitiesfortransportoflongerrails,particularlyoncurves

(b)Difficultiesinmanufacturingverylongrails

(c)Difficultiesinacquiringbiggerexpansionjointsforlongrails

(d)Heavyinternalthermalstressesinlongrails

Takingtheabovefactorsintoconsideration,IndianRailwayshasstandardizedaraillength

of13m (previously42ft)forbroadgaugeand12m (previously39ft)forMGandNGtracks.

IndianRailwaysisalsoplanningtouse39m,andevenlongerrailsinitstracksystem.Now

65m/78m longrailsarebeingproducedatSAIL,Bhilaianditisplannedtomanufacture

130m longrails.

TYPESOFRAILSECTIONS

Doubleheadedrails:

Theseweretherailswhichwereusedinthebeginning,whichweredoubleheadedand

consistingofadumb-bellsection.Theideabehindusingtheserailswasthatwhenthe

headwaswornoutincourseoftime,therailcanbeinvertedandreused.Butastime

passedindentationswereformedinthelowertableduetowhichsmoothrunningoverthe

surfaceatthetopwasimpossible.



Bullheadedrails:

Inthistypeofrailtheheadwasmadealittlethickerandstrongerthanthelowerpartby

addingmoremetaltoit,sothatitcanwithstandthestresses.

Flatfootedrails:

Theserailsarealsocalledasvignole'srails.Initiallytheflatfootedrailswerefixedto

thesleepersdirectlyandnochairsandkeyswererequired.Lateronduetoheavytrain

loadsproblemsarosewhichleadtosteelbearingplatesbetweenthesleeperandtherail.

atrailjointsandotherimportantplacesthesearetherailswhicharemostcommonly

usedinIndia.



.RAIL
JOINTS

Althougharailjointhasalwaysbeenanintegralpartoftherailwaytrack,itislooked

uponasanecessaryevilbecauseofthevariousproblemsthatitpresents.Earlier,rails

were rolled in shortlengths due to difficulties in rolling and the problem of

transportation.Withincreaseintemperature,railsexpandandthisexpansionneedsto

beconsideredatthejoints.Itwas,therefore,feltthatthelongertherail,thelargerthe

requiredexpansiongap,andthistoolimitedthelengthoftherail.Arailjointisthusan

inevitablefeatureofrailwaytracks,eventhoughitpresentsalotofproblemsinthe

maintenanceofthepermanentway.Thischapterdiscussesthevarioustypesofrail

jointsandtheirsuitabilityonarailwaytrack.

ILLEFFECTSOFARAILJOINT

Arailjointistheweakestlinkinthetrack.Atajoint,thereisabreakinthecontinuityof

therailinboththehorizontalandtheverticalplanesbecauseofthepresenceofthe

expansion gap and imperfection in thelevelsofrailheads.A severejoltisalso

experiencedattherailjointwhenthewheelsofvehiclesnegotiatetheexpansiongap.

Thisjoltloosenstheballastunderthe



sleeperbed,makingthemaintenanceofthejointdifficult.Thefittingsatthejointalso

becomeloose,causingheavywearandtearofthetrackmaterial.Someoftheproblems

associatedwiththerailjointareasfollows.

Maintenanceeffort

Duetotheimpactofmovingloadsonthejoint,thepackingunderthesleeperloosens

andthegeometryofthetrackgetsdistortedveryquicklybecauseofwhichthejoint

requiresfrequentattention.Itisgenerallyseenthatabout30percentextralabouris

requiredformaintenanceofajoint.



Bondedmainline6-boltrailjointonasegmentof76.9kg/m rail.Notehow boltsare

oppositelyorientedtopreventcompleteseparationofthejointintheeventofbeing

struckbyawheelduringaderailment.

Lifespan

Thelifeofrails,sleepers,andfasteningsgetsadverselyaffectedduetotheextra

stresses created bythe impactofmoving loads on the railjoint.The railends

particularly getbattered and hogged and chances ofrailfracture atjoints are

considerablyhighduetofatiguestressesintherailends.Noiseeffect

Alotofnoisepollutioniscreatedduetorailjoints,makingrailtraveluncomfortable.

Sabotagechances

Whereverthereisarailjoint,thereisapotentialdangeroftheremovaloffishplatesand

railsbymiscreantsandgreatersusceptibilitytosabotage.

Impactonquality

The quality ofthe track suffers because ofexcessive wearand tearoftrack

componentsandrollingstockcausedbyrailjoints.

Fuelconsumption

Thepresenceofrailjointsresultsinincreasedfuelconsumptionbecauseoftheextra

effortrequiredbythelocomotivetohaulthetrainoverthesejoints.



REQUIREMENTSOFANIDEALRAILJOINT

Anidealrailjointprovidesthesamestrengthandstiffnessastheparentrail.The

characteristicsofanidealrailjointarebrieflysummarizedhere.

Holdingtherailends:Anidealrailjointshouldholdboththerailendsintheirprecise

locationinthehorizontalaswellastheverticalplanestoprovideasmuchcontinuityin

thetrackaspossible.Thishelpsinavoidingwheeljumpingorthedeviationofthewheel

from itsnormalpathofmovement.

Strength:Anidealrailjointshouldhavethesamestrengthandstiffnessastheparent

railsitjoins.

Expansion gap:The jointshould provide an adequate expansion gap forthe free

expansionandcontractionofrailscausedbychangesintemperature

FlexibilityItshould provide flexibilityforthe easyreplacementofrails,whenever

required.Provisionforwear:Itshouldprovideforthewearoftherailends,whichislikely

tooccurundernormaloperatingconditions.

Elasticity:Itshouldprovideadequateelasticityaswellasresistancetolongitudinal

forcessoastoensureatrouble-freetrack.

Cost:Theinitialaswellasmaintenancecostsofanidealrailjointshouldbeminimal.

TYPESOFRAILJOINTS

Thenomenclatureofrailjointsdependsuponthepositionofthesleepersorthejoints.

Classification According to Position of

SleepersThreetypesofrailjointscomeunder

thiscategory.Supportedjoint

Inthistypeofjoint,theendsoftherailsaresupporteddirectlyonthesleeper.Itwas

expectedthatsupportingthejointwouldreducethewearandtearoftherails,asthere

wouldbenocantileveraction.Inpractice,however,thesupporttendstoslightlyraise

theheightoftherailends.Assuch,therunonasupportedjointisnormallyhard.There

isalsowearandtearofthesleepersupportingthejointanditsmaintenancepresents

quiteaproblem.Theduplexsleeperisanexampleofasupportedjoint(Fig.below).



Fig.Supportedrailjoint

Suspendedjoint

Inthistypeofjoint,theendsoftherailsaresuspendedbetweentwosleepersandsome

portionoftherailiscantileveredatthejoint.Asaresultofcantileveraction,thepacking

underthesleepersofthejointbecomeslooseparticularlyduetothehammeringaction

ofthemovingtrainloads.Suspendedjointsarethemostcommontypeofjoints

adoptedbyrailwaysystemsworldwide,includingIndia(Fig.16.2).

Fig.Suspendedjoint

Bridgejoints

Thebridgejointissimilartothesuspendedjointexceptthatthetwosleepersoneither

sideofabridgejointareconnectedbymeansofametalflat[Fig.(a)]oracorrugated

plateknownasabridgeplate[Fig.16.3(b)].Thistypeofjointisgenerallynotusedon

IndianRailways.



Fig.(a)BridgejointwithmetalflatJoint

Fig.(b)Bridgejointwithbridgeplate

ClassificationBasedonthePositionoftheJoint

Twotypesofrailjointsfallinthiscategory.

SquarejointInthiscase,thejointsinonerailareexactlyoppositetothejointsinthe

otherrail.ThistypeofjointismostcommononIndianRailways(Fig.below).

StaggeredjointInthiscase,thejointsinonerailaresomewhatstaggeredandarenot

oppositethejointsintheotherrail.Staggeredjointsarenormallypreferredoncurved

tracksbecausetheyhinderthecentrifugalforcethatpushesthetrackoutward(Fig.

below).



WELDINGARAILJOINT

Thepurposeofweldingistojoinrailendstogetherbytheapplicationofheatandthus

eliminatetheevileffectsofrailjoints.

Therearefourweldingmethodsusedinrailways.

a)Gaspressurewelding

b)Electricarcormetalarcwelding

c)Flashbuttwelding

d)Thermitwelding
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CREEPOFRAIL

Creepisdefinedasthelongitudinalmovementoftherailwithrespecttothesleepers.

Railshaveatendencytograduallymoveinthedirectionofdominanttraffic.Creepis

commontoallrailwaytracks,butitsmagnitudevariesconsiderablyfrom placetoplace;

therailmaymovebyseveralcentimetersinamonthatfewplaces,whileatotherlocations

themovementmaybealmostnegligible

Creepinrailsdenoteslongitudinalmovementofrailsinthetrack.

ThefollowingfigureshowsatypeofFairV-anchorwhichisusedinthetracktopreventcreepof
rails.
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Itisdefinedasthelongitudinalmovementofrailswithrespecttosleepersinatrack.

CAUSESOFCREEP

Themainfactorsresponsibleforthedevelopmentofcreepareasfollows.

IroningeffectofthewheelTheironingeffectofmovingwheelsonthewavesformedinthe

railtendstocausetherailtomoveinthedirectionoftraffic,resultingincreep.

StartingandstoppingoperationsWhenatrainstartsoraccelerates,thebackwardthrustof

itswheelstendstopushtherailbackwards.Similarly,whenthetrainslowsdownorcomes

toahalt,theeffectoftheappliedbrakestendstopushtherailforward.Thisinturncauses

creepinonedirectionortheother.

ChangesintemperatureCreepcanalsodevelopduetovariationsintemperatureresulting

intheexpansionandcontractionoftherail.Creepoccursfrequentlyduringhotweather

conditions.UnbalancedtrafficInadouble-linesection,trainsmoveonlyinonedirection,

i.e.,eachtrackisunidirectional.Creep,therefore,developsinthedirectionoftraffic.Ina

single-linesection,eventhoughtrafficmovesinbothdirections,thevolumeoftrafficin

each direction is normally variable.Creep,therefore,develops in the direction of

predominanttraffic.

PoormaintenanceoftrackSomeminorfactors,mostlyrelatingtopoormaintenanceofthe

track,alsocontributetothedevelopmentofcreep.Theseareasfollows:

•Impropersecuringofrailstosleepers

•Limitedquantitiesofballastresultingininadequateballastresistancetothemovementof
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sleepers

•Improperexpansiongaps

•Badlymaintainedrailjoints

•Railseatwearinmetalsleepertrack

•Railstoolightforthetrafficcarriedonthem

•Yieldingformationsthatresultinunevencrosslevels

•Othermiscellaneousfactorssuchaslackofdrainage,andloosepacking,unevenspacing

ofsleepers

EFFECTSOFCREEP

Thefollowingarethecommoneffectsofcreep.

SleepersoutofsquareThesleepersmoveoutoftheirpositionasaresultofcreepand

becomeoutofsquare.Thisinturnaffectsthegaugeandalignmentofthetrack,which

finallyresultsinunpleasantrides.

ExpansioningapsgetdisturbedDuetocreep,theexpansiongapswidenatsomeplaces

andcloseatothers.Thisresultsinthejointsgettingjammed.Unduestressesarecreated

inthefishplatesandbolts,whichaffectthesmoothworkingoftheswitchexpansionjoints

inthecaseoflongweldedrails.

DistortionofpointsandcrossingsDuetoexcessivecreep,itbecomesdifficulttomaintain

thecorrectgaugeandalignmentoftherailsatpointsandcrossings.

DifficultyinchangingrailsIf,duetooperationalreasons,itisrequiredthattherailbe

changed,thesamebecomesdifficultasthenewrailisfoundtobeeithertooshortortoo

longbecauseofcreep.EffectoninterlockingTheinterlockingmechanism ofthepoints

andcrossingspetsdisturbedbvcreep.

PossiblebucklingoftrackIfthecreepisexcessiveandthereisnegligenceinthe

maintenanceofthetrack,thepossibilityofbucklingofthetrackcannotberuledout.

OthereffectsThereareothermiscellaneouseffectsofcreepsuchasbreakingofboltsand

kinksinthealignment,whichoccurinvarioussituations.

ADJUSTMENTOFCREEP

Whencreepisinexcessof150mm resultinginmaintenanceproblems,thesameshould

beadjustedbypullingtherailsback.Thisworkiscarriedoutaftertherequiredengineering

signalshavebeenputupandthenecessarycautionordersgiven.Thevarioussteps

involvedintheadjustmentofcreepareasfollows:

(i) Acarefulsurveyoftheexpansiongapsandofthecurrentpositionofrailjointsis

carriedout.

(ii) Thetotalcreepthathasbeenproposedtobeadjustedandthecorrectexpansion

gapthatistobekeptaredecidedinadvance.

(iii) Thefishplatesatoneendareloosenedandthoseattheotherendareremoved.

Sleeperfittings,i.e.,spikesorkeys,arealsoloosenedorremoved.

(iv) Therailsarethenpulledbackonebyonewiththehelpofaropeattachedtoahook.

Thepullingbackshouldberegulatedinsuchawaythattherailjointsremaincentral

andsuspendedonthejointsleepers.

Thepullingbackofrailsisaslowprocesssinceonlyonerailisdealtwithatatimeandcanbe



2
4

doneonlyforshortisolatedlengthsofatrack.Normally,about40-50menarerequired

perkilometreforadjustingcreep.Whencreepisrequiredtobeadjustedforlonger

lengths,fiveraillengthsaretackledatatime.Theprocedureisalmostthesameasthe

precedingsteps

exceptthatinsteadofpullingtherailswithirope,ablowisgiventothem usingacutrail

pieceofalengthofabout5m.

CREEPADJUSTER

Acreepadjusterisnormallyusedwhenextensiveworkisinvolved.Thecreepadjusteris

setatthecentreofthelengthofthetrack,tobetackled,withthewidejointsbehinditand

thejammedjointsaheadofit.Thefollowingstepsareadoptedwhileusingacreepadjuster:

(i) Expansionlinersofthecorrectsizeareputinalltheexpansiongaps,

(ii) Allthekeysontheside(withwidejoints)ofthecreepadjusterareremovedandall

fishboltsloosened,

(iii) Thecreepadjusteristhenusedtocloseupthegapstotherequiredextentby

pushingtherailsforward.Agapofafewinchesisleftbetweentherailends

oppositetheadjuster,

(iv) Thecorrectedrailsarethenfastenedwithkeys.Afterthat,therailsontheotherside

oftheadjusteraretackled,

(v) Theoperationleavessomeoftheexpansiongapstoowidewhicharetackledbythe

creepadjusterwhenitissetinthenextposition,

(vi) Thecorrectedrailsarethenfastenedandtheadjusterisshiftedtothenewposition,

Thewholeprocessisrepeatedagainandagaintilltherequisiteattentionhasbeenpaidto

theentirelengthoftherail.Intheenditmaybenecessarytousearailwiththecorrectsize

ofclosure(biggerorsmaller)tocompletethework.

PORTIONSOFTRACKSUSCEPTIBLETOCREEP

Thefollowinglocationsofatrackarenormallymoresusceptibletocreep.

•ThepointwhereasteelsleepertrackorCST-9sleepertrackmeetsawoodensleepertrack

•Dipsinstretcheswithlonggradients

•Approachestomajorgirderbridgesorotherstablestructures

•Approachestolevelcrossingsandpointsandcrossings

•Steepgradientsandsharpcurves

MEASURESTOREDUCECREEP

Toreducecreepinatrack,itshouldbeensuredthattherailsareheldfirmlytothesleepers

andthatadequateballastresistanceisavailable.Allspikes,screws,andkeysshouldbe

drivenhome.Thetoeloadoffasteningsshouldalwaysbeslightlymorethantheballast

resistance.Creepanchorscaneffectivelyreducethecreepinatrack.Atleasteightofthese

creepanchorsmustbeprovidedperpanel.Outofthelargenumberofcreepanchorstried

onIndianRailways,the'fairT'and'fairVanchors,havebeenstandardizedforuse.Thefair

'Vanchor,whichismorepopular,isshowninFig.below.Thecreepanchorshouldfitsnugly

againstthesleeperforittobefull;-effective.Thefollowingmeasuresarealsohelpfulin

reducingcreep,
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shoulderballastshouldbewellcompacted.

(a)Acarefullookoutshouldbekeptforjammedjointsthatexistinseries.Inthecaseofafish-

plated track,more than six consecutive continuously jammed joints should notbe

permitted.InthecaseofSWRtracks,morethantwoconsecutivejammedjointsshouldnot

bepermittedatrailtemperatureslowerthanthemaximum dailytemperature(Tm)inthe

caseofzonesIandIIandlowerthan(Tm -5°C)inthecaseofzonesIIIandIV.Regular

adjustmentmaybenecessitatedongirderbridges.

(b)Anticreepbearingplatesshouldbeprovidedonwoodensleeperstoarrestcreep,but

jointssleepersshouldhavestandardcantedbearingplateswithrailscrews.
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Sleepers&Ballast

Sleepersarethetransversetiesthatarelaidtosupporttherails.Theyhaveanimportant

roleinthetrackastheytransmitthewheelloadfrom therailstotheballast.Severaltypes

ofsleepersareusedonIndianRailways.Thecharacteristicsofthesesleepersandtheir

suitabilitywithrespecttoloadconditionsaredescribedinthissection.

FUNCTIONSANDREQUIREMENTSOFSLEEPERS

Themainfunctionsofsleepersareasfollows:

(a)Holdingtherailsintheircorrectgaugeandalignment

(b)Givingafirm andevensupporttotherails

(c)Transferringtheloadevenlyfrom therailstoawiderareaoftheballast

(d)Actingasanelasticmedium betweentherailsandtheballasttoabsorbtheblowsand

vibrationscausedbymovingloads

e)Providinglongitudinalandlateralstabilitytothepermanentway

(f)Providingthemeanstorectifythetrackgeometryduringtheirservicelife

Apartfrom performingthesefunctionstheidealsleepershouldnormallyfulfillthefollowing

requirements.

a)Theinitialaswellasmaintenancecostshouldbeminimum.

b)Theweightofthesleepershouldbemoderatesothatitisconvenienttohandle.

c)Thedesignsofthesleeperandthefasteningsshouldbesuchthatitispossibletofix

andremovetherailseasily.

d)Thesleepershouldhavesufficientbearingareasothattheballastunderitisnotcrushed.

e)Thesleepershouldbesuchthatitispossibletomaintainandadjustthegaugeproperly

f)Thematerialofthesleeperanditsdesignshouldbesuchthatitdoesnotbreakorget

damagedduringpacking.

g)Thedesignofthesleepershouldbesuchthatitispossibletohavetrackcircuiting.

h)Thesleepershouldbecapableofresistingvibrationsandshockscausedbythepassage

offastmovingtrains,
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ClassificationofSleepers

Sleeperscanbeclassifiedintothefollowingtypesaccordingtothematerialofconstruction.

1.Woodensleepers

2.Metalsleepers

 Castironsleepers

3.Steelsleepers

4.Concretesleepers

 Reinforceconcretesleepers

 Prestressedconcretesleepers

TimberorWoodenSleepers

woodensleepersareregardedasthebestastheysatisfyalmostalltherequirementsof

agoodsleeper.Thelifeoftimbersleepersdependupontheirabilitytoresist

 Wearandtear

 Decay

 Attackbywhiteants

 Qualityofthetimberused

Advantages:
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o Itiseasilyavailableinallpartsofindia

o Fittingsarefewandsimpleindesign

o Theyareeasytolay,relay,pack,liftandmaintain

o Theyaresuitableforalltypesofballast

o Theyareabletoresisttheshocksandvibrationsoftheheavymovingloads

o Theyareeconomical

Disadvantages:

o Theyaresubjectedtodecay,attackbywhiteants,warping,crackingandendsplitting

o Itisdifficultotmaintainthegaugeinthecaseofwoodensleepers.

o Itisdifficulttomaintainthealignmentinthecaseofwoodensleepers.

o Theyhavegotminimum servicelife(12to15yrs)ascomparedtoothertypesofsleepers
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ConcreteSleepers

Concretesleepersaremadeofastronghomogeneousmaterial,impervioustoeffects

ofmoistureandunaffectedbythechemicalattacks.Itismouldedeasilytosizeandshape

requiredanditisanidealmaterialtowithstandstressesintroducedbyfastandheavy

traffic.

Advantages

1.Theconcretesleepersarequiteheavyandthusprovidelongitudinal,lateraland

verticalstability.Becauseoftheirweight,thesesleepersaremoresuitableto

LWRtracks.

2.Theconcretesleepersresultinreducedrailbendingstresses.

3.Theconcretesleepersreducethewearofrollingstocks.

4.Theconcretesleepersproduce

lessverticalmotionandthusprovideacomfortablejourneyduetolessnoise.

5.Theconcretesleepershaveflatbottoms.That’swhymeanmodernmethodoftrack

maintenancei.e.MSPandmachinemaintenancecanbesuitablyemployed.

6.Theconcretesleepersareneitherinflammablenorsubjectedtodamagebycorrosionor

termite.

7.Thesesleepershavealongusefullifeof50years.Itmeansrailandsleeper

renewalscanbematched.

8.Theconcretesleeperswiththeirfasteningsystem maintaingauge,crosslevels,

twist,alignment,longitudinallevelandunevennessofthetrack.

9.Theconcretesleepersaresuitablefortrackcircuiting.

10.Theconcretesleeperscanbemanufacturedfrom localresources.

Disadvantages

1.Theyarenoteconomicalbecauseofhighcostofconstruction.

2.Incaseofderailments,heavydamageiscaused.

3.Highstandardofmaintenanceoftrackisrequired.

4.Thedesignandconstructionarebothcomplicated.

5.Theyaremorerigid.

6.Theydonothaveanyscrapvalue.



3
0

Steelsleepers

Steelsleepersarelightweight,dimensionallymoreaccuratethanwoodenorconcreteand

regardedasaneffectivetechnicalsolutionformodernrailnetworks.

AdvantagesofsteelSleepers

1.Theyaremanufacturedbyasimpleoperation.

2.Theycanbeeasilyhandledasthesesarelightinweightascomparedtoother

typesofsleepers.Hence,damagesduringhandlingandtransportingareless.

3.Lessnumberoffasteningsarerequiredandthattoosimpleinnature.

4.Themaintenanceandadjustmentofgaugeareeasyascomparedtotheother
ofsleepers.

5.Thesesleepersarerolledsectionsinonepiece.

6.Theirlifeislongerthanthatofothertypesofsleepers.

7.Theyprovidebetterlateralrigiditytothetrack.

8.Theyarenotattackedbyvermins.

9.Theyarenotsusceptibletofirehazards.

10.Theirscrapvalueisgood.
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DisadvantagesofSteelofSleepers

1.Thesteelsleeperspossessthefollowingdisadvantages:

2.Theygeteasilyrustedandcorroded.

3.Theydevelopcracksatrailseatsornearlugs.

4.Theirlugsgetbrokeneasily.

5.Thesteelsleepersdonotprovideeffectivetrackcircuiting.

6.Thesteelsleeperscanonlybeforthetypeofrailsforwhichtheses
aremanufactured.

7.Thesedevelopthetendencytobecomecenterboundbecauseofslopeatbothends.

8.Theoverallcostofsteelsleepersismorethanthatoftimbersleepers.

Comparisonofdifferenttypesof
sleepers

Characteristics Typeofsleeper

Wooden Steel 'CI Concrete

Servicelife
(years)

12-15 40-50 40-50 50-60

Weightof

sleeperfor

BG(kg)

83 79 87 267

Handling Manual

handling; no

damage to

sleeper

whil

ehandling

Manualhandling;

no damage to

sleeper

whilehandling

Manual

handling; liable

to break by

roughhandling

Nomanualhandling;

gets damaged by

roughhandling

Type of

maintenance

Manual or

mechanize

d

Manual or

mechanized

Manual Mechanizedonly

Cost of

maintenance

High Medium Medium Low

Gauge

adjustmen

t

Difficult Easy Easy No

adjustm gaug

ent

epossible
Trackcircuiting Best Difficult;

insulati

Difficult;

insulati

Easy
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g pads are

necessary

ng pads are

necessary

Damageby

white

ants and

corrosion

Canbe

damagedby

whiteants

No damage by

white ants but

corrosion is

possible

Canbedamaged

bycorrosion

Nodamagebywhite

antsorcorrosion

Suitability fo

fastening r

Suitablefor
CF*

andEFf

SuitableforCF

andEF

Suitable for

CFonly

SuitableforEFonly

Trackelasticity Good Good Good Best

Creep Excessive Less Less Minimum

Scrapvalue Low Higher than

wooden

High None
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Ballast

Definition:

Itisalayerofbrokenstones,graveloranyothersuchgrittymateriallaidandpackedbelow

andaroundsleepers.

Functionsofballast:

 Todistributetheloadsuniformlyoverthesubgrade.

 Toprovidegooddrainageforthetrackstructure.

 Toprovideelasticityandresiliencetotrackforgettingproperridingcomfort.

 Toheldthetrackstructuretolineandgrade.

 Toreducedust.

 Topreventgrowthofbrushandweeds.

RequirementsofGoodBallast

1.Itshouldbetoughandshouldnotcrumbleunderheavyloads.

2.Itshouldnotmakethetrackdustyormuddy.

3.Itshouldofferresistancetoabrasionandweathering.

4.Itshouldnotproduceanychemicalreactionwithrailsandsleepers.

5.Thematerialsshouldbeeasilyworkable.

6.Itshouldretainitspositionandshouldnotbedistributed.

MaterialsusedasBallast

1.BrokenStone-Brokenstoneisoneofthebestmaterialsforrailwayballasttobeused

ontherailwaytracks.Almostalltheimportantrailwaytracksareprovidedwithbroken

stone.Thestonetobeusedasrailwayballastshouldbehard,toughnonporousand

shouldnotdecomposewhenexposedtoairandlight.Igneousrockslikequartziteand

graniteformstheexcellentballastmaterials.Whenthesearenotavailablethenlimestone

andsandstonecanalsobeusedasgoodballastmaterial.

1.Gravel-Gravelranksnextinitssuitabilityforuseasmaterialsforballastandisusedin

manycountriesoftheworldinverylargequantities.Gravelconsistsofwornfragmentsof

rocksoccurringinnaturaldeposits.Gravelorshinglemaybeobtainedfrom riverbedorit

maybedugoutfrom gravelpits.
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AdvantagesofGravel

1.Itischeaperinitscostasithasnottobebrokenaslikestoneballast

2.Ithasgotexcellentdrainageproperties,if

properlycleanedDisadvantagesofGravel

1.Iteasilyrollsdownunderthevibrationsandpackingunderthesleepersgettense

2.Thevariationinsizeisconsiderableandhencerequiresscreeningbeforeuse

3.Grovelasobtainedfrom gravelpits,isfullofearthandhencerequiresproper

cleaningifproperdrainageofthetrackistobedone.

3.CindersOrAshes-Theresiduefrom thecoalinlocomotivesorotherfurnacesiscalled

cinderorashes.Itisoneoftheuniversalformsofballastasitisabyproductofallthe

railwaywhichusescoalasafuel.

AdvantagesofCindersorAshes

1.Handlingofthematerialisnotcumbersomethismaterialcanbehandleeasily

2.Costisverylowandhencecanalsobeusedforsidings

3.Ithasgotfairlygooddrainageproperties

4.Largequantitiesofthismaterialcanbemadeavailableatshortnotice.

5.Incaseofemergencesuchascausedbythedestructionofportionofrailway

trackduringfloods.Thismaterialprovestobeveryusefulandisusedinthe

formationrepairingaswellasforpackingoftrack.

DisadvantagesofCindersorAshes

1.Itishighlycorrosiveandcannotbeusedwheresteelsleepersarefixed

2.Thefootoftherailsgetaffectedduetouseofthistypeofmaterialasballast

3.Itisverysoftandcaneasilybereducedtopowderundervibrationsandhence

thetrackbecomesverydusty.Thisisobjectionableparticularlyindryweather.

4.Sand-Sandisanothergoodmaterialsforrailwayballast,coarsersandistobepreferred

tofinersandandthebestsandisthatwhichcontainsaquantityoffinegravelvaryingin

sizefrom 1/8upwards.

AdvantagesofSand

1.Ifthesandisfreefrom earthandvegetationthenithasgoodexcellentproperties

todrainoffwaterimmediately

2.Itischeaperifavailableinnearbylocality

3.Itproducesverysilenttrackandhencearesuitableforpackingcast

ironpotsleepers.DisadvantagesofSand

1.Itgetseasilydisturbedundervibrationsandhenceitsmaintenanceisverydifficult

2.Thesandcanbeeasilywashedofforblownawayandhencerequiresfrequentrenewal.

3.Thesandparticlesmaygetintothemovingpartsofthevehiclesandproducesfriction.
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Thisleadstoheavywearofvehicles.

5.Kankar-Kankaralimeagglomerateisfoundinmanyplacesintheform ofnodulesof

varyingsizes.

AdvantagesofKankar:

i.KankarissuitableMaterialsforballastwhenothergoodmaterialforballastis

notavailable

ii.Kankarisgoodforlighttrafficonmetre

andnarrowgauge

DisadvantagesofKankar

1.Itisverysoftandcanbereducedtopowderform easily,hence,makingthetrackdusty.

2.Themaintenanceoftrackisverydifficult

6.Moorum-Thedecompositionoflateriteresultsintotheformationofmoorum.Ithasred

andsometimesyellowcolor.Thebestmoorum isthatwhichcontainslargequantitiesof

smalllateritestones.

AdvantagesofMoorum

1.Moorum isgoodmaterialsforballastwhenothermaterialforballastisnotavailable.

2.Moorum canbesafelyusedonnewlylaidtrackandactsasasolingwhenbroken

stonesarelaidafterwards.

3.Moorum has gotgood

drainagepropertiesDisadvantages

ofMoorum

1.Moorum isverysoftandreducestopowderandhencetodustform inshorttime.

2.Maintenanceoftrackslaidwiththismaterialisdifficult

7.BrickBallastOrBrickBats-Sometimesthebrokenpiecesofoverburntbricks,called

brickbats,areusedasmaterialsforballast.

AdvantagesofBrickBallast

1.Ithasgotexcellentdrainageproperties

2.Theycanbeusedasgoodballastmaterialwheresuitablematerialforballastis

eitherunavailableoruneconomical

DisadvantagesofBrickBallast

1.Brickbatsturndownintopowderform easilyandhencethetrackbecomesdusty

2.Maintenanceofthetracklaidwiththismaterialasballastisverydifficult.

3.Railsareoftencorrugatedonthetrackslaidwiththismaterialasballast

8.SelectedEarth-Selectedearthmaybeusedasmaterialforrailwayballastforsidings

andalsofornewlylaidtracks.
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TrackfixturesforBG

Railjoints–Fishplates–Fishbolts-Fangbolts-Hookbolts–Railchairsandkeys–Bearing
plates

–Blocks–Spikes-Elasticfastenings-Anchors&Anticreepers

Fastening

Arailfasteningsystem isameansoffixingrailstorailroadties.Thetermsrailanchors,

tieplates,chairsandtrackfastenersareusedtorefertopartsorallofarailfastening

system.Varioustypesoffasteninghavebeenusedovertheyears.

FishPlates

Inrailterminology,afishplate,splicebarorjointbarisametalbarthatisboltedtothe

endsoftworailstojointhem togetherinatrack.Thenameisderivedfrom fish,awooden

barwithacurvedprofileusedtostrengthenaship'smast.Thetopandbottom edgesare

taperedinwardssothedevicewedgesitselfbetweenthetopandbottom oftherailwhen

itisboltedintoplace.Inrailtransportmodelling,afishplateisoftenasmallcopperor

nickelsilverplatethatslipsonto both railsto providethefunctionsofmaintaining

alignmentandelectricalcontinuity.
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RAIL-TO-RAILFastenings
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CombinationFishPlates
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FangBolts

ScrewSpikes
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BearingPlates
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NewElasticFastening(GClip)
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CHAPTER-4

GeometricforBroadgauge

TypicalSectionofRailwayinCutting.

TypicalSectionofanembankment.

ClassificationofRailwayLand.Withaviewtodeterminewhatthedispositionoftheland

willprobablybeonthecompletionoftheworkforwhichithadbeenacquired,the

classificationgiveninparagraph818etc.shouldbeadopted.
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Onrailways,landisdividedintotwoclasses,viz.,

(i)permanentlandwidth

(ii)temporarylandwidth

Permanentlandwidthislandwhichwillberequiredpermanentlyaftertherailwayisopen

fortrafficandtheworkofconstructioniscomplete.Underthisheadwillbeincludedall

landtobeoccupiedbytheformationofthepermanentlineofrailwaywithsideslopesof

banksandcuttings,andthebermsconnectedtherewith;catchwaterdrainsandborrow

pitsorsuchpartsofthem asitisnecessarytoretain;theentrancestotunnelsandshafts

belongingtothem;thesitesofbridges,andprotectionortrainingworks;stationyards;

landingplacesforrailwayferries;groundtobeoccupiedbyworksbelongingtotherailway

suchasgasworks,arrangementsforwatersupply,septictanks,collectingpits,filterbeds

andpumpinginstallations,&c.,groundforthestoragemanufactureoracquisitionof

materials;land forsanitary zones,cemeteries,churches,plantations;gardens,and

recreationgrounds,sitesforstations,offices,workshops;dwellinghousesandother

buildingsrequiredforthepurposesoftherailway,ortheaccommodationofthestaff,with

thegrounds,yards,roads,&c.,appertainingthereto.Underthisheadwillalsobeincluded

landoutsidethepermanentrailwayboundary,whichwillberequiredforthepermanent

diversionofroadsorrivers,orforotherworksincidentaltotheconstructionoftherailway,

which are made forpublic purposes and willnoton completion ofthe works be

maintainedbytherailwayauthorities.

Temporarylandwidthislandwhichisacquiredfortemporarypurposesonly,andwhichis

disposedofaftertheworkofconstructioniscompleted.

Gradientsfordrainage

Drainageisdefinedasinterception,collectionanddisposalofwaterawayfrom

track.Drainageisthemostimportantfactorintrackmaintenanceandforstabilityof

banks/cuttings.Whenwaterseepsintotheformation,itweakensthebondsbetweenthe

soilparticles,softens
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thesoilandresultsincreationofballastpockets.Ononehand,ingressofwaterinto

bank/cuttingaddstoweightofsoilmasstryingtoslide,therebyincreasingpropensityfor

slope-slide,ontheotherhand,itreducesshearstrengthofsoil,therebydecreasingfactor

ofsafetyforstabilityofslope.Therefore,quick disposalofwaterfrom formation

top/slopesisveryessential.Drainage system should be effective in preventing the

stagnationofwaterandallow quickdisposalofwater.Atpresent,drainageisnotbeing

givenitsdueimportanceinfield.Provisionsrelatingtodrainagehavebeendetailedin

variousguidelinesissuedbyRDSO from timetotime,however,thepresentGuidelines

highlightthesalientfeaturesofdrainagearrangementinembankmentaswellascuttings.

CONVENTIONALDRAINAGESYSTEMS

SURFACEDRAINAGE

SIDEDRAINS

CATCHWATERDRAINS

SUBSURFACEDRAINS

SUPERELEVATION

(1) Cantorsuperelevationistheamountbywhichonerailisraisedabovetheother

rail.Itispositivewhentheouterrailonacurvedtrackisraisedaboveinnerrailandis

negativewhentheinnerrailonacurvedtrackisraisedabovetheouterrail.

(2) Equilibrium speedisthespeedatwhichthecentrifugalforcedevelopedduring

themovementofthevehicleonacurvedtrackisexactlybalancedbythecantprovided.

(3) Cantdeficiency-Cantdeficiencyoccurswhenatraintravelsaroundacurveata

speedhigherthantheequilibrium speed.Itisthedifferencebetweenthetheoreticalcant

requiredforsuchhigherspeedandactualcantprovided.

(4) Cantexcess-Cantexcessoccurswhenatraintravelsaroundacurveata

speedlowerthantheequilibrium speed.Itisthedifferencebetweentheactualcant

andthetheoreticalcantrequiredforsuchalowerspeed.

(5) Maximum permissiblespeedofthecurve-Itisthehighestspeedwhichmaybe

permittedonacurvetakingintoconsiderationtheradiusofthecurvature,actualcant,

cantdeficiency,cantexcessandthelengthoftransition.Whenthemaximum permissible

speedonacurveislessthanthemaximum sectionalspeedofthesectionofaline,

permanentspeedrestrictionbecomesnecessary.

(6) Cantgradientandcantdeficiencygradientindicatetheamountbywhichcantor

deficiencyofcantisincreasedorreducedinagivenlengthoftransitione.g.,1in1000

meansthatcantordeficiencyofcantof1mm.isgainedorlostinevery1000mm.of

transitionlength.

(7) Rateofchangeofcantorrateofchangeofcantdeficiencyistherateatwhich

cantorcantdeficiencyisincreasedorreducedpersecond,atthemaximum permissible

speedofthevehiclepassingoverthetransitioncurve,e.g.,35mm.persecondmeans

thatavehiclewhentravelingatamaximum speedpermittedwillexperienceachangein

cantordeficiencyofcantof35mm.ineachsecondoftraveloverthetransition.

(8) Transitioncurveisaneasementcurve,inwhichthechangeofradiusisprogressive
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throughoutitslengthandisusuallyprovidedinashapeofacubicparabolaateachendof

thecircularcurve.Itaffordsagradualincreaseofcurvaturefrom zeroatthetangentpoint

tothespecifiedradiusofcircularareandpermitsagradualincreaseofsuperelevation,so

thatthefullsuperelevationisattainedsimultaneouslywiththecurvatureofthecirculararc.

Superelevation,CantdeficiencyandCantexcess

(1) Superelevation/cant

(a)Theequilibrium superelevation/cantnecessaryforanyspeediscalculatedfrom theformula

2

=
127

WhereCiscant/superelevationinmm.Gisthegaugeoftrackwidthofrailheadinmm.Ris

theradiusofthecurveinmetres.

NecessityofSuperElevation

Inordertocounteracttheeffectofcentrifugalforcetheoutsiderailofthecurve

maybeelevatedabovetheinsideraileffectivelymovingthecentreofgravityoftherolling

stocklaterallytowardtheinsiderail.Thisprocedureisgenerallyreferredtoassuper

elevation.

Ifthecombinationoflateraldisplacementofthecentreofgravityprovidedbythe

superelevation,velocityoftherollingstockandradiusofcurveissuchthatresultingforce

becomescenteredbetweenandperpendicularto alineacrosstherunningrailsthe

downwardpressureontheoutsideandinsiderailsofthecurvewillbethesame.

Thesuperelevationthatproducesthisconditionforagivenvelocityandradiusof

curveisknownasthebalancedorequilibrium elevation.



2
5

LimitationofSuperelevation

ForMixedPassenger&FreightRoutes

Typicalearlyrailwayoperation resulted in rolling stockbeing operated atlessthan

equilibrium velocity(allwheelsequallysharingtherollingstockweight),orcomingtoa

completestoponcurves.Undersuchcircumstancesexcesssuperelevationmayleadtoa

downwardforcesufficienttodamagetheinsiderailofthecurve,orcausederailmentof

rollingstocktowardthecentreofthecurvewhendraftforceisappliedtoatrain.Routine

operationofloadedfreighttrainsatlow velocityonacurvesuperelevatedtopermit

operationofhighervelocitypassengertrainswillresultinexcesswearoftheinsiderailof

thecurvebythefreighttrains.

Thusonthesetypesofroutes,superelevationisgenerallylimitedtonotmore

than6inches.ForHighSpeedPassengerRoutes

Modernhighspeedpassengerroutes,donotcarryslowerspeedtrains,norexpecttrains

tostoponcurves,soitispossibletooperatetheserouteswithhighertracksuper

elevationvalues.Curvesonthesetypesofroutearealsodesignedtoberelativelygentle

radius,andaretypicallyinexcessof2000m (2km)or7000m (7km)dependingonthe

speedlimitoftheroute.
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CHAPTER-5

POINTSANDCROSSING

Necessity:-

I. Pointsandcrossingareprovidedtohelptransferrailwayvehiclefrom onetrack

toanother.

II. Thetrackmaybeparalleltodivergingfrom orconvergingwitheachother

pointandcrossingarenecessarybecausethewheelsofrailwayvehiclesare

provided

withinsideflangeandthereforetheyrequirethisinspecialarrangementinorderto

navigatetheirwayontherail.

III. Thepointsorswitchesaidindivertingthevehiclesandthecrossingprovide

gapsintherailssoastohelptheflangedwheelstorolloverthem.

IV. Acompletesetofpointsandcrossings,alongwithleadrails,iscalledaturnout.

PointsorSwitches

Apairoftonguerailandstockrailwithnecessaryconnectionandfittingformsaswitch

Crossing:-itisadeviceintroducedatthejunctionwheretworailscrosseachotherto

permitthewheelflangesofarailwayvehicletopassfrom onetracktoanother

Switches

 Apairofstockrail,ABandCDmadeofmedium-manganesesteel.

 Apairoftonguerails,PCSandRSalsoknownasswitchrailsmadewithstandwear.

Thetonguerailsaremachinedtoverythinsectiontoobtainasnugfitwiththe

stockrailiscalled‘toe’andthickerendiscalledthe‘heel’

 Ano.ofslidechairstosupportthetonguerailandenablefrom stockrail.

 Twoormorestretcherbarsconnectingboththetonguerailsclosetothetoeforthe

purposeofholdingthem atafixeddistancefrom eachother.

 Agaugetiesplatetofixgaugesandensurecorrectgaugeatthepoints.

FIGURE:DETAILSOFSWITCH
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TypesofSwitches

Switchesareoftwotypes,namely‘studswitches’and‘splitswitch’.

In‘studswitch’noseparatetonguerailisprovidedandsomeportionofthetrackis
moved

from onesidetotheotherside.

In‘splitswitch’apairofstockrailandpairoftonguerailsarepresent,splitswitchesare

twotypes:-

1)LooseHeeltype:-

 Inthistypeofsplitswitch,theswitchortonguerailfinishesattheheelofthe

switchtoenablemovementofthefreeendofthetonguerail.

 Thefishplatesholdingthetonguerailmaybestraightorhightlybent.

 Thetonguerailisfastenedtothestockrailwiththehelpofafishingfitblockandfourbolts.

 Allthefishboltsintheleadrailaretightenedwhilethoseinthetonguerailare

keptlooseorsnugtoallowfreemovementofthetongue.

 Asthediscontinuityofthetrackattheheelisaweaknessinthestructure,the

useoftheseswitchesisstructures,theuseoftheseswitchesisnotpreferred.

(2)FixedHeelType:-

Inthistypeofsplitswitchthetongueraildoesnotendattheheelofthe

switch,butextendsfurtherandisrigidlyconnected.Themovementatthetoeofthe

switchismadepossibleonaccountofflexibilityoftonguerail.

Crossing:-

AcrossingorFrogisadeviceintroducedatthepoint/junctionwheretwogauge

faces/railscrosseachothertopermitthewheelflangesofarailwayvehicletopass

from onetracktoeachother.
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Acrossingconsistsofthefollowingcomponents.

(i) Tworails,pointrailsandsplicerails,whicharemachinedtoform anose.

Thepointrailendsatthenosewhereasthesplicerailjoinsitalittlebehind

thenose.Theoretically,thepointrailshouldendinapointandbemadeas

thinaspossible,butaknifeedgeofpointrailwouldbreakoffunderthe

movementoftraffic.Thepointrailtherefore,hasitsfineendslightlycutoff

toform abluntnose,withathicknessof6mm.Thetoeofthebluntnoseis

calledtheactualnoseofcrossing(ANC)andthetheoreticalpointwherethe

gaugefacesform bothsidesintersectiscalledthetheoreticalnoseof

crossing(TNC).The‘V’railisplanedtoadepthof6mm (1/4’’)atthenose

andrunsoutin89mm tostopawheelrunninginthefacingdirectionfrom

hittingthenose.

Figure:-PointRailandSpliceRail

(ii) Twowingrailsconsistingofarighthandandalefthandwingrailthat

convergetofrom athroatanddivergeagainoneithersideofthenose.Wing

railsareflaredattheendstofacilitatetheentryandexitoftheflangedwheel

inthegap.

(iii) A pairofcheckrailstoguidethewheelflangespreventingthem from

movingsidewayswhichwouldotherwisemayresultinthewheelhittingthe

noseofthecrossingasitmovesinthefacingdirection.

TYPESOFCROSSING:

Acrossingmaybeofthefollowingtypes:-

(a)Anacuteanglecrossingor‘V’crossinginwhichtheintersectionoftwogauge

facesformsonacuteangle,Forexamplewhenarightrailcrossesaleftrail,it

makesanacutecrossing.Sounlikerailcrossingfrom anacutecrossing.
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(b)Anobtuseordiamondcrossinginwhichthetwogaugefacesmeetatanobtuse

angle.Whenarightonleftrailcrossesasimilarrail,itmakesanobtusecrossing.

(c)Asquarecrossinginwhichtwotrackscrossingatrightangles,suchcrossings

arerarelyusedinactualpractice.Formanufacturingpurposes,crossingisof

followingtypes.

According to manufacture,the crossing may be classified as

mentionedunder:-(a)Builtupcrossing:-

Inabuilt-upcrossingtwowingrailsandaV-sectionconsistingofsplice

andpointrailsareassembledtogetherbymeansofboltsanddistance

blockstoform acrossing.

Advantages:-

(a)Initialcostislow.

(b)Repaircanbecarriedoutbywelding.

(b)Caststeelcrossing:-

Thisisonepiececrossingwithnoboltsandthereforerequiringverylittlemaintenance.

Comparatively

Advantages:-

(a)Longerlife.

Disadvantages:-

(a)Initialcostishigh.

(b)Repairandmaintenancecausesanoofproblem.

(c) Combinedrailandcastcrossing:-.

isacombinationofabuilt-upandcaststeelcrossingandconsistsofacast

steelnosefinishedtoordinaryrailfacestoform thetwolegsofthecrossing.

Throughitallowstheweldingofworn-outwingrails,thenoseisstillliableto

fracturesuddenly.

CMSCrossing:-Duetoincreaseintrafficandtheuseofheavieraxleloads,the

ordinarybuilt-upcrossingmanufacturerfrom medium –manganeserailssubjected

tovaryheavywearandtear,especiallyinfastlinesandsuburbansectionswith

electrictraction.Pastexperiencehasshownthatlifeofsuchcrossingsvariessix

monthstotwoyears,dependingontheirlocationandserviceconditions.CMS

crossingspossesehigherstrength,offermoreresistancetowearandconsequently

havealongerlife.

Advantages:-

 Lesswearandtear.

 Longerlife.

 Freefrom boltsaswheelasothercomponentsthatnormallytogetlooseas

aresultofmovementoftraffic.

SpringorMovableCrossing:-

Inaspringcrossing,onewingrailismovableandheldagainsttheVofthecrossingwith
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stronghelicalspringwhiletheotherwingrailiskeptfixed.Whenavehiclepasses

onthemaintrack,themovablewingrailissnugwithcrossingandthevehicledoes

notneedtonegotiateanygapatthecrossing.Incasethevehiclehastopassover

aturnouttrack,themovablewingisforcedoutbythewheelflangesandthe

vehiclehastonegotiateagapasinnormalturnout.Thistypeofcrossingisuseful

whenthereishigh-speedtrafficonthemaintrackandslow-speedtrafficonthe

turnouttrack
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CHAPTER6

METHODSOFLYING&MAINTENANCEOF
TRACK:-

EssentialofTrackMaintenance:-

1.Thegaugeshouldbecorrectorwithinthespecifiedlimits.

2.Thereshouldbenodifferenceincrosslevelsexceptoncurves,where

crosslevelsvaryinordertoprovidesuperelevation.

3.Longitudinallevelsshouldbeuniform.

4.Thealignmentshouldbestraightandkink-free.

5.Theballastshouldbeadequateandsleepersshouldbewellpacked.

6.Thetackdrainageshouldbegoodandformationshouldbewelltrained.

Railwaytrackcanbemaintainedeitherconventionallybymanuallylabourorbythe

applicationofmodernmethodsoftrackmaintenance,suchasmechanicaltampingor

measuredshovelpacking.Themajormaintenanceoperationsperformedinacalendar

year(12-months)areasfollowsforachievingtheabovementionedstandards:-

1)ThroughPacking-:

2)SystematicOverhauling

3)Pickingupslacks

1)ThroughPacking

follow
s:

-

ThroughPackingiscarriedoutinasystematicandsequentialmannerasdescribedas

 Openingofroad:-

Theballastisdugoutoneithersideoftherailseatforadepthof50mm (2”)below
the

bottom ofthesleeperwiththehelpofashovelwithawireclaw.Ontheoutside,

thewidthoftheopeningshouldextenduptotheendofthesleeper.

Ontheinsideitshouldextendfrom therailseattoadistanceof450mm (18”)

incaseofBG,350mm (14”)incaseofMG,and250mm (10”)incaseofNG.

 Examinationofrails,sleepersandfastening:-

Therails,sleepersandfasteningtobeusedarethoroughlyexamined.Defective

sleepersareremovedandloosefasteningaretightened.Anykinksinrailsare

removed.

 Squaringofsleepers:-

(a)Todothisoneoftherailsistakenasthesightingrailandthecorrectsleeper

spacingismarkedonit.

(b)Thepositionofthesleeperischeckedwithreferencetothesecondrailwith

thehelpofaT-square.
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(c)Thesleeperattendedtoafterthisdefectshavebeenestablished,whichmay

includetheirbeingoutofsquareoratincorrectspacing.

 Aligningthetrack:-

(a)Thealignmentofthetrackisnormallycheckedvisually,whereintherailis

visuallyassessedform adistanceofaboutfourraillengthsorso.

(b)Smallerrorsinthealignmentarecorrectedbyslewingthetrackafter

looseningthecoresattheendsanddrawingoutsufficientballastatthe

endsofthesleeper.

(c)Slewingiscarriedoutbyplantingcrowbardeepintotheballastatanangle

notmorethan30form thevertical.

AdvantagesofTrackMaintenance:-

1.Ifthetrackissuitablymaintained,thelifeofthetrackaswellasthatoftherolling

stockincreasessincethereislesserwearandtearoftheircomponents.

2.Regulartrackmaintenancehelpsinreducingoperatingcostsandfuelconsumption.

3.Smallmaintenancejobsdoneattheappropriatetime,suchastighteningaboltor

key,

hammeringthedogspike,etc.,helpinavoidinglossofconcernedfittingandthussavingon

theassociatedexpenditure.

4.Whentrackmaintenanceisneglectedforalongtime,itmayrenderthetrackbeyond

repair,callingforheavytrackrenewalsthatentailhugeexpenses

Gauging:-

Thegaugeshouldbecheckedandanattemptshouldbemadetoprovidea

uniform gaugewithinpermissibletolerancelimits.

2.Systematicoverhauling:-

Thesystematicoverhaulingofthetrackshouldnormallycommenceafter

thecompletionofonecycleofthroughpacking.Itinvolvesthefollowingoperations

insequence:-

(a)Shallowscreeningandmakingupofballastsection.

(b)Replacingdamagedorbrotherfittings.

(c)Includingallitemsinthroughpacking.

(d)Makingupthecess.

3.Pickingupstacks:-

Stacksarethosepointsinthetrackwheretherunningoftrainsisfaculty.

Slacksgenerallyoccurinthefollowingcases:-

(a)Stretchesofyieldingformation.

(b)Improperlyalignedcurves.

(c)Portionsoftrackwithpoordrainage.

(d)Approachestolevelcrossing,girderbridgesetc.

(e)Sectionwithaninadequateoruncleanballastcushion.

Nothroughpackingisdoneduringtherainingseasonandslacksareonlypickedupin
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ordertokeepthetracksafeandingoodrunningcondition.

DutiesofapermanentwayInspector(PWI)

ThePWIisgenerallyresponsibleforthefollowing:-

(a)Maintenanceandinspectionofthetracktoensuresatisfactoryandsafeperformance.

(b)Efficientexecutionofallworksincidentaltotrackmaintenance,includingtrackrelayingwork.

(c)Accountsandperiodicalverificationofthestoresandtoolsinhisorhercharge.

(d)Maintenanceoflandboundariesbetweenstationsandatimportantstationsas

maybespecifiedbytheadministration.

ThePWIalsocarriesoutinspectionofthefollowingfactsofatrack.

(a)Testingthetrack.

(b)Inspectionoftrackandgauge.

(c)Levelcrossinginspection.

(d)Pointandcrossinginspection.

(e)Curveinspection.

(f)Safetyoftrack.

Inadditiontotheinspections,aPWIalsocarriesoutfollowingduties:-

(a)Checktheproximityoftreesthatarelikelytodamagethetrackandgetthemremoved.

(b)Checknightpatrollingatlastonceamonthbytrainaswellasbytrolley.

(c)Takesthenecessarysafetymeasureswileexecutingmaintenanceworkthat

affectsthesafetyofthetrack.

(d)PeriodicallyinspectsandrespectiveLWRtackstoensuretheirsafety.

(e)Ensuresthecleanlinessofstationyards.

(f)Keepsproperrecordsofthetrainingoutofballast.

(g)Looksafterallestablishmentwork,includingthewelfareofthestaffworkingunder

hischargeandmaintenancetheirservicerecords.

(h)Ensuresthesafetyofthetrackduringtheexecutionofworkthataffectsthetrack.
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BRIDGEENGINERRING

DEFINITIONS

ThefollowingdefinitionsofcertainimportanttermsusedinBridgeEngineeringaregivenbelow:

1.Bridge:-Astructureisfacilitatingacommunicationrouteforcarryingroadtrafficor

othermovingloadsoveradepressionorobstructionsuchasriver,stream,channel,

roadorrailway.Thecommunicationroutemaybearailwaytrack,atramway,a

roadway,footpath,acycletrackoracombinationofthem.

2.HighLevelBridgeorNon-submersibleBridge:-TheBridgewhichdoesnotallow

thehighfloodwaterstopassoverthem.Allthefloodwaterisallowedtopass

throughitsvents.Inotherwordsitcarriestheroadwayabovethehighestflood

levelofthechannel.

3.SubmersibleBridge:-Asubmersiblebridgeisastructurewhichallowsfoldwater

to passoverbridgesubmerging thecommunicationroute.Itsformationlevel

shouldbesofixedasnottocauseinterruptiontotrafficduringfloodsformore

thanthreedaysatatimenorformorethansixtimesinayear.

4.Causeway:-Itisapuccasubmersiblebridgewhichallowsfloodstopassoverit.It

isprovidedonlessimportantroutesinordertoreducetheconstructioncostof

crossdrainagestructures.Itmayhaveventsforlowwaterflow.

5.FootBridge:-Thefootbridgeisabridgeexclusivelyusedforcarryingpedestrians.

Cyclesandanimals.

6.Culvert:-Whenasmallstream crossesaroadwithlinearwaterwaylessthanabout

6meters.Thecrossdrainagestructuresoprovidediscalledculvert.

7.DeskBridge:-Thesearethebridgewhoseflooringsaresupportedattopofthesuperstructures.

8.ThroughBridge.Thesearethebridgeswhoseflooringsaresupportedor

suspendedatthebottom ofthesuperstructures.

9.Semi-ThroughBridges:-Thesearethebridgeswhoseflooringsaresupportedat

someintermediatelevelofthesuperstructure.

10.SimpleBridges:-Theyincludeallbeam,girderortrussbridgeswhoseflooringis

supportedatsomeintermediatelevelofsuperstructure.

11.CantileverBridges:-Bridgeswhicharemoreorlessfixedatoneendandfreeat

other.Itcanbeusedforspansvaryingfrom 8metersto20meters.

12.ContinuesBridges:-Bridgeswhichcontinueovertwoormorespans.Theyare

usedforlargespansandwhereunyieldingfoundationsareavailable.



3

13.ArchBridge:-Thesearethebridgeswhich[produceinclinedpressuresonsupports

underverticalloads.Thesebridgescanbeeconomicallyuseduptospansabout20

meters.Thearchesmaybeinthebarrelfrom orintheform ofribs.

14.RigidFrameBridges:-Inthesebridgesthehorizontaldeckslabismademonolithic

withtheverticalabutmentswalls.Thesebridgescanbeuseduptospanabout20

meters.Generallythistypeofbridgeisnotfoundeconomicalforspanslessthan

10meters.

15.SquareBridge:-Thesearethebridgesatrightanglestoaxisoftheriver.

16.SquareBridge:-Thesearethebridgesnotatrightanglestoaxisoftheriver.

17.SuspensionBridges:-Thesearethebridgeswhicharesuspendedoncablesanchored
atends.

18.Under-Bridges:-Itisabridgeconstructedtoenablearoadtopassunderanother

workorobstruction.

19.Over-Bridges:-itisabridgeconstructedtoenableonefrom oflandcommunicationover

theother.

20.ClassAABridges:-ThesearebridgesdesignedforI.R.C.classAAloadingand

checkedforclassAloading.Heyareprovidedwithincertainmunicipallimits,in

certainexistingorcontemplatedindustrialarea,inotherspecifiedareas,andalong

certainspecifiedhighways.

21.ClassABridges:-ThesearepermanentbridgesdesignedforI.R.C.classAloading.

22.ClassBBridges:-ThesearepermanentbridgesdesignedforI.R.C.classBloading.

23.Viaduct:-Itisalongcontinuesstructurewhichcarriesaroadorrailwayslike

Bridgeoveradryvalleycomposedofseriesofspanovertrestlebentsinsteadof

solidpiers.

24.Apron:-Itisalayerofconcrete,masonrystoneetc.placedlikeflooringatthe

entranceoroutofaculverttopreventscour.

25.Piers:-Theyaretheintermediatesupportsofabridgesuperstructureandmaybesolid

ofopentype.

26.Abutments:-Theyaretheendsupportsofthesuperstructure.

27.CurtainWall:-Itisathinwallusedasaprotectionagainstscouringactionastream.

28.EffectiveSpan:-Thecentretocentredistancebetweenanytwoadjacentsupports

iscalledastheeffectivespanofabridge.

29.ClearSpan:-Thecleardistancebetweenanytwoadjacentsupportsofabridgeiscalled

clearSpan.

30.EconomicSpan:-thespan,forwhichthetotalcostofbridgestructureisminimum

isknownaseconomicspan.

31.Afflux:-duetoconstructionoftheBridgethereisacontractioninwaterway.This

resultsinriseofwaterlevelaboveitsnormallevelwhilepassingundertheBridge.

Thisriseisknownasafflux.

32.FreeBoard:-FreeBoardatanypointisthedifferencebetweenthehighestflood

levelafterallowingforafflux,ifany,andtheinformationlevelofroadembankment

ontheapproachesortoplevelofguidebundsatthepoints.

33.Headroom:-Headroom istheverticaldistancebetweenthehighestpointsofa
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vehicleorvesselandthelowestpointsofanypointsofanyprotrudingmemberof

aBridge.
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34.LengthoftheBridge:-ThelengthofaBridgestructurewillbetakenastheoverall

lengthmeasurealongthecentrelineoftheBridgefrom theendtoendofthe

Bridgedeck.

35.LinerWaterway:-ThelinerwaterwayofaBridgeshallbethelengthavailableinthe

bridge between extreme edges ofwatersurface atthe highestflood level,

measuresatrightanglestotheabutmentfaces.

36.Low WaterLevel(L.W.L.):-Thelow waterlevelistheofwatersurfaceobtained

generallyinthedryseason.

37.OrdinaryFloodLevel(O.F.L.):-Itisaveragelevelofahighfloodwhichisexpected

tooccurnormallyeveryyear.

38.HighestFloodLevel(H.F.L.):-Itisthelevelofhighestfloodeveryrecordedorthe

calculatedlevelforthehighestpossibleflood.

39.EffectiveLinerWaterway:-Effectivelinearwaterwayisthetotalwidthofwaterway

ofabridgeminustheeffectivewidthofobstruction.Forcalculatingtheeffective

linearwaterways,thewidthofmeanobstructionduetoeachpiershallbetakenas

meansubmergedwidthofthepieratitsfoundationuptomaximum scourlevel.

Theobstructionatendsduetoabutmentsorpitchedslopesshouldbeignored.

COMPONENTSOFABRIDGE

Thebridgestructureisdividedmainlyintotwocomponents:

1)Substructure

 Thefunctionofsubstructureissimilartothatoffoundations,columnsandwalls

etc.ofa building.Thus the substructure supports the superstructure and

distributestheloadintothesoilbelowthroughfoundation.

 The substructure consists offoundation piers and abutmentpiers,

foundationforthepiers,abutments,wingwalls,andapproaches.

 Theaboveallsupportsthesuperstructureofthebridge.

2)Superstructure

 Thesuperstructureofabridgeisanaloguestoasinglestorybuildingroof

andsubstructuretothatofwalls,columnsandfoundationssupportingit.

 Superstructureconsistsofstructuralmemberscarryingacommunicationroute

 Itconsistsofhandrails,parapets,roadways,girders,arches,walltrussesoverwhic

htheroadissupport.

 Itisthatpartofthebridgeoverwhichthetrafficmovessafely
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ClassificationofaBridge:-

Thebridgesmaybeclassifieddependinguponthefollowingfactors:-

(a)Theirfunctionsorpurposeasrailway,highwayFootBridge,aqueductetc.

(b)Theirmaterialofconstructionusedastimbermasonry,R.C.C.Steel,prestressesconcreteetc.

(c)Natureorlifespansuchastemporarypermanentbridgeetc.

(d)Theirrelativepositionoffloorsuchasdeepbridge,throughbridgesetc.

(e)Typeofsuper-structuresuchasarchedgirder,truss,suspensionbridgeetc.

(f)Loadings:-RoadBridgesandculvertshavebeenclassifiedbyI.R.C.intoclassAA,

ClassA,ClassBbridgesaccordingtotheloadingstheyaredesignedtocarry.

(g)SpanLength:-Underthiscategorythebridgescanbeclassifiedas

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

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

 MajorBridge(SpanLength=abovethan30m)

(h)DegreeofRedundancy:-Underthisthebridgescanbeclassifiedasindeterminatebridges

(i)TypesofConnection:-Underthiscategorythesteelbridgescanbeclassifiedaspinned

connected,rivetedorweldedbridges.
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ClassificationofBridge

REQUIRMENTSOFANIDEALBRIDGE:-

Anidealbridgemeetsthefollowingrequirementstofulfilthethreecriteriaof

efficiency,effectivenessandequity

 Itservestheintendedfunctionwithutmostsafetyandconvenience

 Itisaestheticallysound

 Itsieconomical

ThesitecharacteristicofanIdealBridgehasbeendiscussedbelow:

1.Thestream atthebridgesideshouldbewelldefinedandasnarrowaspossible.

2.Thereshouldbeastraightreachofstream atbridgesite

3.Thesiteshouldhavefirm,permanent,straightandhighbanks.

4.Teflowofwaterinthestream atthebridgesiteshouldbeinsteadyregime

condition.Itshouldbefreefrom whirlsandcross-current

5.Thereshouldbenoconfluenceoflargetributariesinthevicinityofbridgesite

6.Itshouldbereliabletohavestraightapproachroadsandsquarealignment,i.e.right-

angledcrossing

7.Thereshouldbeminimum obstructionofanaturalwaterwaysoastohave
minimumafflux

8.Inordertoachieveeconomythereshouldbeeasyavailabilityoflabour,

constructionmaterialandtransportfacilityinthevicinityofbridgesite.

9.Inordertohaveminimum foundationcost,thebridgesiteshouldbesuchthatno

excessiveworkistobecarriedinsidethewater
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10.Atbridgesiteitshouldbepossibletoprovidesecureandeconomicalapproaches.

11.Incaseofcurvedalignmentthebridgeshouldnotbeonthecurve,butpreferablyon

thetangentsinceotherwisethereisagreaterlikehoodofaccidentaswellasan

addedcentrifugalforcewhichincreasestheloadeffectonthestructureandwill

requiremodificationofdesign.

12.Thereshouldbenoadverseenvironmentalinput

13.Thebridgesiteshouldbesuchthatadequateverticalheightandwaterwayisavailable

14.Underneaththebridgefornavigationaluse.

Inactualpracticethedeterminationofbestpossiblesiteforanyproposedbridgeis

trulyaneconomicproblem.Thevariousfactorswhichshouldbecarefullyexamined

beforesettingfinallyuponthelayoutofabridgeasfollows:

i. Gradeonalignment,

ii. GeographicalConditions,

iii. Governmentrequirements,

iv. Commercialinfluences,

v. Adjacentpropertyconsideration,

vi. Generalfeaturesofthebridgestructure,

vii. Futuretrendsforenlargement,

viii. TimeConsideration,

ix. FoundationConsiderations,

x. Constructionfacilitiesavailable,

xi. ErectionConsideration,

xii. Aesthetics,

xiii. Maintenanceandrepairs,

xiv. EnvironmentImpact
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CHAPTER-8

BridgeAlignment:-

Dependingupontheanglewhichthebridgemakeswithteeaxisoftheriver,thealimentanmeof

twotypes:

a)SquareAlignments:-Inthisthebridgeisatrightangletotheaxisoftheriver.

b)SkewAlignments:-Inthisthebridgeisatsomeangletotheaxisoftheriver

whichisnotarightangle.

Note:-Asfaraspossible,itisalwaysdesirabletoprovidethesquarealignment.theskew

alignmentssuffersfrom thefollowingdisadvantages:-

(i)AgreatskillisrequiredfortheconstructionofskewBridges.Maintenanceof

suchtypeofBridgesisalsodifficult.

(ii)Thewater-pressureonpiersincaseofskewalignmentisalsoexcessive

becauseofnon-uniform flowofwaterunderneaththebridgesuperstructure.

(iii)Thefoundationofskewbridgeismoresusceptibletoscouraction.

FloodDischarge:-

Oneoftheessentialdataforthebridgedesignisfairassessmentofthemaximum flow

whichcouldbeexpectedtooccuratthebridgessiteduringthedesignperiodofthebridge.

TheconventionalpracticeinIndiafordeterminationofflooddischargeistouseafew

convenientformulaeorpastrecords.

Note:-Thisfaultydeterminationofflooddischargewhichledtofailureofmanyhydraulic
structures.

AsperI.R.C.recommendationthemaximum dischargewhichabridgeonanaturalstream

shouldbedesignedtopassdeterminedbythefollowingmethods:-

(a)From therainfallandothercharacteristicsofthecatchment.

(i)Byuseofanempiricalformulaappliedtothatregion,or

(ii)Byarationalmethod,provideditispossibletoevaluatefortheregion

concernedthevariousfactorsemployedinthemethod.

(b)From thehydrauliccharacteristicsofthestream suchascross-sectionalarea,and

slopeofthestream allowingforvelocityofflow.

(c)From therecordsavailable,ifany,ofdischargesobservedonthestream atthesiteof

thebridge,oratanyothersitevicinity.
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EmpiricalMethodsforEstimationofFloodDischarge:-

Inthesemethodsareofbasinorcatchmentisconsideredmainly.Allotherfactors

whichinfluencepeakflowaremergedinaconstant.

Ageneralequationmaybefollowedintheform:-

Here,Q=PeakFlow orrateofmaximum

discharge C= a constant for the

catchment

M=areaofcatchment,and‘n’isanindex

Theconstantforcatchmentisarrivedat,aftertakingthefollowingfactorsintoaccount:

(A)BasinCharacteristics

a)Area

b)Shape

c) Slope

(B)StromCharacteristics

a)Intensity

b)Duration

c) Distribution

Limitations

Thesemethodsdonottakefrequencyoffloodinto

consideration.These methods cannotbe applied

universally

Fixingofconstantisverydifficultandexacttheorycannotbeputforthforitsselection.

1)Dicken’sFormula

Q=C.M n
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Here, Q= Discharge in

cum/secC=

aconstant

M=areaofcatchmentinsq.km.

Q=C.M 3/4
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Q=123.2√M –2.62(M –259)

Q=123.2M /√(M +10.36)

2)Ryve’sformula

Here, Q=Dischargeincum/sec

C=6.74forareawithin24km from coastor,

C=8.45forareaswithin24-161km from

coastor,C=10.1forlimitedhillyareas

InworstcaseCgoesupto40.5

M=areaofcatchmentinsq.km.

3)InglisFormula

ThisformulausedonlyMahastrastateandherethreedifferentcasesaretaken

intoconsideration.

(a)Forsmallareasonly(Itisalsoapplicableforfan-shapedcatchment)

(b)Forareasbetween160to1000

squarekm.(c)Foralltypeofcatchment

Inallequations,M=areaofcatchmentinsq.km.

4)NawabJangBahadur’sFormula:-

Here,a,b,andCareconstant.

a=0.993andb=1/14

C=59.5forNorthIndiaor,

=48.1forSouthIndia

5)Creager’sFormula:-

Here, q=thepeakflowpersq.km ofabasin

M=areaofcatchmentinsq.km.and‘n’issomeindex

Q=C.M 2/3

Q=123.2√M

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

q=C.M n



1
3

BymultiplyingbothsidesoftheaboveequationareofthebasinM,weget

WhereQispeakvalue

EquationgivenbyCreager,JustinandHindsis

6)Khosla’sFormula:-

Itisarationalformula,ItsibasedontheequationP=R+LOrR=P-L

Here,Risroundoff,PisrainfallandLislosses.

L=4.82Tm,whereLisinmm andTm isincentigrade {inC.G.S.System}R=P-4.82Tm

7)Besson’sFormula:-

Thisformulaisveryrationalandcanbeusedinanycase:

Qm =(Pm XQr)/(Pr)

Here,Qm =Peakflowexpected

Qr=SomeobservedpeakflowPr=Observed

rainfallPm=expectedrainfall

RationalMethodsforEstimationofFloodDischarge:-

Thismethodisapplicablefordeterminationofflooddischargeforsmallculvertsonly.Inorderto

arriveatarationalapproach,arelationshiphasbeenestablishedbetweenrainfallandrunoffunder

variouscircumstances.Thesizeofflooddependsuponthefollowingfactors.

(i)ClimateorRainfallFactors.Thisincludes

(a)Intensity(b)Distributionand(c)DurationofRainfall

(ii) CatchmentAreaFactors.Thisincludes:

(a)CatchmentArea(b)itsslope(c)itsshape(d)porosityofsoil

(e)Vegetablecover(f)initialstateofwetness

WATERWAY

Theareathroughwhichthewaterflowsunderabridgesuperstructureisknownasthewaterwayof

thebridge.Thelinearmeasurementofthisareaalongthebridgeisknownasthelinearwaterway.

Thislinearwaterwayisequaltothesum ofalltheclearspans.Thismaybecalledasartificiallinear

waterway.

Q=C.M n+1

Q=46.CM (0.849M-0.048)
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Duetotheconstructionofabridgethenaturalwaterwaygetscontractedthereby

increasingthevelocityofflowunderabridge.Thisincreasedvelocityresultsintoheading

upofwaterontheupstream oftheriverorstream,knownasAfflux.

EconomicSpan:-theeconomicspanofabridgeistheonewhichreducestheoverallcostofa

bridgetobeminimum.Theoverallcostofabridgedependsuponthefollowingfactors

Notes:
-

a.

Costofmaterialanditsnature.

b.Availabilityofskilledlabour

c. SpanLength.

d.Natureofstream tobebridged.

e. Climaticandotherconditions.

Itisnotinthehandofengineerstobringdownthecostoflivingindexorpriceofthematerials

likecement,steel,timber,etc.buttheycanhelpinbringingdownthecostofbridgesbyevolving

economicaldesigns.

Consideringonlyvariableitems,thecostofsuperstructureincreasesandthatof

sub-structuredecreaseswithanincreaseinthespanlength.Thusmosteconomicspan

lengthisthatwhichstultifiesthefollowing:-

i.e.ThecostofSuperStructure=ThecostoftheSub-Structure

AFFLUX

Whenabridgeisconstructed,thestructuresuchasabutmentsandpierscausethe

reductionofnaturalwaterwayarea.Thecontractionofstream isdesirablebecauseit

leadstotangiblesavinginthecostspeciallyforalluvialstream whosenaturalsurface

widthistoolargethanrequiredforstability.Therefore,tocarrythemaximum flood

discharge,thevelocityunderabridgeincreases.Thisincreasedvelocitygivesriseto

suddenheadingupofwaterontheupstream sideofthestream.Thephenomenono0f

headingupofwaterontheupstream sideofthestream isknownas“AFFLUX”

Greatertheaffluxgreaterwillbethevelocityunderthedownstream sideofthe

bridge andgreaterwillbethedepthofscourandconsequentlygreaterwillbedepthof

foundationsrequired.

Affluxiscalculatedbyoneofthefollowingformula

(A)Marriman’sFormula

Here,ha=Affluxinmeters

V=Velocityofapproachinmetersper

secondA=NaturalWaterwayareaat

thesitea=Contractedareainsquare

meters

A1=Theenlargedareaupstream ofthebridgesquaremeters

ha=(V2/2g){(A/Ca)2-(A/A1)}



1
5

C=CoefficientofDischarge=0.75+0.35(a/A)-0.1(a/A)2approximately

(A)Molesworth’sFormula

Here,V,AandahavethesamemeaningasintheMarriman’sFormula

CLEARANCE

Toavoidanypossibilityoftrafficstrikinganystructuralpartclearancediagram are

specified.Thehorizontalclearanceshouldbetheclearwidthandverticalclearanceofthe

clearheight,availableforthepassageofvehiculartrafficasshownintheclearance

diagram inthefigurebelow.

ClearanceDiagram forRoadBridges

Note:-Forabridgeconstructedonahorizontalcurvewithsuperelevatedroadsurfaces,

thehorizontalclearanceshouldbeincreasedonthesideofinnerkerbbyanamountequal

to 5m multiplied bythe superelevation.The minimum verticalclearance should be

measuredfrom thesuperelevatedlevelofroadway.

17.

+0.015 {(A/a)2-1}ha =

V2
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FREEBOARD

Freeboardistheverticaldistancebetweenthedesignedhighfloodlevel,allowing

fortheafflux,ifany,andlevelofthecrownofthebridgeatitslowestpoint.

Itisessentialtoprovidethefreeboardinalltypesofbridgesforthefollowingreasons:-

 FreeBoardisrequiredtoallowfloatingdebris,fallentreetrunksand

approacheswavestoppassunderthebridge.

 Freeboardisalsorequiredtoallowfortheaffluxduringthemaximum flood

dischargeduetocontractionofwaterway.

 Freeboardisrequiredtoallowthevesselstocrossthebridgesincaseof

navigablerivers.Thevalueoffree-broaddependsuponthetypesof

thebridge.

CollectionofBridgeDesignData:-

Foracompleteandproperappreciationofthebridgeprojecttheengineerincharge

oftheinvestigationshouldcarryoutstudiesregardingitsfinancial,economic,socialand

physicalfeasibility.Thedetailedinformationtobecollectedmaycoverloadingtobeused

fordesignbasedonthepresentandanticipatedfuturetraffic,hydraulicdatabasedon

stream characteristics,geologicaldata,subsoildata,climatic data,alternative sites,

aesthetics,costetc.

Thefollowingdrawingscontaininginformationasindicatedshouldbeprepared

1.INDEXMAP

2.CONTURESURVEYPLAN

3.SITEPLAN

4.CROSS-SECTION

5.LONGITUDINALSECTION

6.CATCHEMENTAREAMAP

7.SOILPROFILE

Design data for

majorbridge:-A-

Generaldata:-

(i)Nameoftheroadanditsclassification.

(ii)Nameofthestream.

(iii)LocationofnearestG.T.S.benchmarkanditsreducedlevel.

(iv)Chainageatcentrelineofthestream.

(v)Existingarrangementforcrossingthestream.

a)DuringMonsoon b)Duringdryseason

(vi)Liability of the site to earthquake
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B-CatchmentAreaandRunOffData:-

(i)CatchmentArea

(a)HillyArea b)Inplains

(ii)Maximum recordedintensityandfrequencyofrainfallincatchment.

(iii)Rainfallincementerperyearinareason

(iv)Lengthofcatchmentinkilometres.

(v)Widthofcatchmentinkilometres.

(vi)Longitudinalslopeofcatchment.

(vii)Crossslopeofcatchment.

(viii)Thenatureofcatchmentanditsshape.

C-Data Regarding Nature of

Stream Sub-

SurfaceInvestigation:-

Sub-Surfaceinvestigationisessentialfortoknowthepropertiesofthebridgesitesoil.

Thefieldandlaboratoryinvestigationsrequiredtoobtainthenecessarysoildataforthedesign

arecalledsoilexploration.

Theprincipalrequirementsofacompleteinvestigationcanbesummarizedasfollows:-

1.Natureofthesoildepositsuptosufficientdepth.

2.Depth,thicknessandcompositionofeachsoilstratum.

3.Thelocationofgroundwater.

4.Depthtorockandcompositionofrock.

5.Theengineeringpropertiesofsoilandrockstratathataffectthedesignofthestructure.

Inexplorationprogrammetheextentofdistributionofdifferentsoilsbothinthe

horizontalandverticaldirectionscanbedeterminedbythefollowingmethods:

1.Byuseofopenpits.

2.Bymakingboreholesandtakingoutsamples.

3.BySoundings.

4.Byuseofgeophysicalmethods.

EquipmentsforlaboratoryWork:-

Thedisturbedsoilsampleastakenfrom bedleveltoscourlevelateveryone

meterintervaloratdepthswhereverstratachangesatetestedtodeterminethe

followingproperties:-
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1.LiquidLimit,Plastic,LimitandPlasticityIndex

2.OrganicContent

3.HarmfulSalts

4.SieveAnalysis

5.SiltFactor

Theundisturbedsoilsamplesastakenbelowthescourleveltoalevelwhere

thepressureisabout5%ofthepressureatthebasearetestedtodetermine

1.Particlesizeanalysis.

2.Valuesofcohesionandangleofinternalfrictionbysheartest.

3.Compressionindexandpre-consolidationpressurebyconsolidationtest.

4.Densityspecificgravityandmoisturecontent.

AdvantageofSub-SurfaceInvestigation:-

Therearemanifoldadvantagesofcarefullyplannedinvestigationprogramme.Thesecan

besummarizedasbelow:-

1.Asuitableandeconomicalsolutioncanbeworkedout.

2.Theconstructionschedulecanbeproperlyplanned.

3.Theextentandnatureofdifficultieslikelytobemetwithcanbedetermined.

4.Therateandamountofsettlementscanbedetermined.

5.Thevariationinthewater–table,ofthepresenceofartesianpressurescanbefoundout.
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CHAPTER9

DepthofScour:-

DEPTHOFSCOUR(D)isthedepthoftheerodedbedoftheriver,measuredfrom

thewaterlevelforthedischargeconsidered.Well-laidfoundationismostlyprovidedin

road and railwaybridges in India overlarge and medium-sized rivers.The age-old

Lacey–Inglismethodissuedforestimationofthedesignscourdeptharoundbridge

elementssuchaspier,abutment,guidebank,spurandgroyene.Codalprovisionsareseen

toproducetoolargeascourdeptharoundbridgeelementsresultinginbridgesub-

structuresthatleadtoincreasedconstructioncosts.Limitationsthatexistinthecodesof

practiceareillustratedinthispaperusingexamples.Themethodsrecentlydevelopedfor

estimationofthescouraredescribed.New railwayandroadbridgesarerequiredtobe

builtin large numbers in the nearfuture across severalrivers to strengthen such

infrastructureinthecountry.Itisstronglyfeltthatprovisionsintheexistingcodesof

practicefordeterminationofdesignscourdepthrequireimmediatereview.Thepresent

paperprovidesacriticalnoteonthepracticesfollowedinIndiaforestimatingthedesign

scourdepth.

Indianpracticesonestimationofdesignscourdepth

1.Lacey–Inglismethod

2.CommentsonLacey’smethod

 Theprobablemaximum depthofscourfordesignoffoundationsandtrainingand

protectionworksshallbeestimatedconsideringlocalconditions.

 Whereverpossibleandespeciallyforflashyriversandthosewithbedsofgravelor

boulders,soundingforpurposeofdeterminingthedepthofscourshallbetakenin

thevicinityofthesiteproposedforthebridge.Suchsoundingsarebesttaken

duringorimmediatelyafterafloodbeforethescourholeshavehadtimetosiltup

appreciably.Incalculatingdesigndepthofscour,allowanceshallbemadeinthe

observeddepthforincreasedscourresultingfrom:

(i)Thedesigndischargebeinggreaterthantheflooddischargeobserved.

(ii)Theincreaseinvelocityduetotheconstrictionofwaterwaycausedbyconstructionofthebridge.

(iii)Theincreaseinscourintheproximityofpiersandabutments.

 4.6.3Inthecaseofnaturalchannelsflowinginalluvialbedswherethewidthof

waterwayprovidedisnotlessthanLacey’sregimewidth,thenormaldepthorScour

(D)below thefoundation design discharge(Qf)levelmaybeestimated from

Lacey’sformulaasindicatedbelow

D=0.473(Qf/f)1/3

WhereDisdepthinmetresQfisincumecsand‘f‘isLacey’ssiltfactorfor

representativesampleofbedmaterialobtainedfrom scourzone.

 Whereduetoconstrictionofwaterway,thewidthislessthanLacey’sregimewidth

forQforwhereitisnarrowanddeepasinthecaseofincisedriversandhassandy

bed,thenormaldepthofscourmaybeestimatedbythefollowingformula:

D=1.338(Qf
2/f)½
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Where‘Qf’isthedischargeintensityincubicmetrepersecondpermetrewidth

andfissiltfactorThesiltfactor‘f’shallbedeterminedforrepresentativesamplesofbed

materialcollectedfrom scourzoneusingtheformula:f=1.76√m wherem isweighted

meandiameterofthebedmaterialparticlesinmm.Valuesof‘f’fordifferenttypesofbed

materialcommonlymetwitharegivenbelow:

Typeofbed MaterialWeighted
mean

diaofparticle(mm)

Valueof‘f’

(i)Coarsesilt 0.04 0.35

(ii)Finesand 0.08 0.50

0.15 0.68

(iii)
Medium

0.3 0.96

sand

0.5 1.24

(iv)Coarse
sand

0.7 1.47

1.0 1.76

2.0 2.49

Thedepthcalculated(videclause4.6.3and4.6.4above)shallbeincreasedasindicated

below,toobtainmaximum depthofscourfordesignoffoundations,protectionworks

andtrainingworks:-

Natureoftheriver Depthofscour

Inastraightreach 1.25D

Atthemoderatebendconditionse.g.alongapronofguidebund 1.5D

Ataseverebend 1.75D

Atarightanglebendoratnoseofpiers 2.0D

Insevereswirlse.g.againstmoleheadofaguidebund. 2.5to2.75D

Incaseofclayeybeds,whereverpossible,maximum depthofscourshallbeassessed

from actualobservations.

BridgeFoundation:-

Definition:-Afoundationisthepartofthestructurewhichisindirectcontactwiththe

ground.Ittransferstheloadofthestructuretothesoilbelow.Beforedecidinguponits

size,wemustensurethat:

(i) Thebearingpressureatthebasedoesnotexceedtheallowablesoilpressure.

(ii) Thesettlementoffoundationiswithinreasonablelimits

(iii) Differentialsettlementistolimitedasnottocauseanydamagetothestructure.
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Broadly,foundationmaybeclassifiedundertwocategoriesi.e.

1.Shallowfoundation

2.DeepFoundation

ShallowFoundation:-AccordingtoTrezaghi,afoundationissaidtobeshallowifitsdepth

isequalorlessthanitswidth.

DeepFoundation:-AccordingtoTrezaghi,afoundationissaidtobedeep,thedepthis

greaterthanitswidthanditcannotbepreparedbyopenexcavation.

TypesofBridgeFoundation:-

Theselectionoffoundationtypesuitableforaparticularsitedependsonthe

followingconsiderations:-1)NatureofSubsoil

2)Natureandextentofdifficulties,e.g.presenceofboulder,buriedtreetrunks,etc.Likelytobe

metwith,and

3)Availabilityofexpertiseandequipment.

Dependingupontheirnatureanddepth,bridgefoundationcanbecategoriesasfollows:

i. OpenFoundation,

ii. RaftFoundation,

iii. PileFoundation,

iv. Well

foundation,(i)Open

FoundationinBridges:-

1.Anopenfoundationorspreadfoundationisatypeoffoundationandcanbelaid

usingopenexcavationbyallowingnaturalslopesonallsides.

2.Thistypeoffoundationispracticableforadepthofabout5m andisnormally

convenientabovethewatertable.

3.Thebaseofthepierorabutmentisenlargedorspreadtoprovideindividualsupport.

4.Sincespreadfoundationsareconstructedinopenexcavation,therefore,theyare

termedasopenfoundation.

5.This type offoundation is provided forbridges ofmoderate heightbuilton

sufficientlyform dayground.

6.Thepiersinsuchcasesareusuallymadewithslightbatterandprovidedwith

footingswidenedatbottom.Wherethegroundisnotstiffthebearingsurfaceis

furtherextendedbyawidelayerofconcreteratbottom (seethefigure).

(ii)RaftFoundation:-

1.Araftfoundationormatisacombinedfootingthatcoverstheentireareabeneatha

bridgeandsupportsallthepiersandabutments.

2.Whentheallowablesoilpressureislow,orbridgeloadsareheavy,theuseof

spreadfootingwouldcovermoreone-halfofthearea,anditmayprovemore

economicaltouseraftfoundation

3.Theyarealsousedwherethesoilmasscontainscompressiblelensessothatthe

differentialsettlementwouldbedifficulttocontrol.

4.Therafttendstobridgeovertheerraticdepositsandeliminatesthedifferentialsettlement.
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5.Raftfoundationisalsousedtoreducethesettlementabovehighlycompressible

soilsbymakingtheweightofbridgeandraftmayundergolargesettlementwithout

causingharmfuldifferentialsettlement.Forthisreason,almostdoublesettlement

ofthatpermittedforfootingsisacceptableforrafts.

6.Usuallywhenhardsoilisnotavailablewithin1.5to2.5m araftfoundationisadopted.

7.Theraftiscomposedofreinforcedconcretebeamsarelativelythinslab
underneath,figure

(iii)PilefoundationinBridges:

1.Thepilefoundationisconstructionsforthefoundationofabridgepierorabutment

supportedonpiers.

2.Apileisanelementofconstructioncomposedoftimber,concreteorsteelor

combinationofthem.

3.Pilefoundationmaybedefinedasacolumnsupporttypeoffoundationwhichmay

becast-in-situorprecast.

4.Thepilesmaybeplaceseparatelyortheymaybeplacedinform ofacluster

throughoutthelengthofthepierorabutment.

5.Thistypeofconstructionisadoptedwhentheloosesoilextendstogreatdepth.

6.Theloadofthebridgeistransmittedbythepilestohardstratum beloworitis

resistedbythefrictiondevelopedonthesidesofpiles.

Classificationofpiles:-

Pilesarebroadlyclassifiedintotwocategories:-.

i- Classificationbasedonthefunction

ii- Classificationbasedonthematerialsandcomposition

Classificationbasedonthefunction

 BearingPile.

 FrictionPile.

 ScrewPile.

 CompactionPile.

 UpliftPile.

 BatterPile.

 SheetPile.

Classificationbasedonthefunction

 Cementconcretepiles.

 TimberPiles.

 SteelPiles.

 SandPiles.
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 CompositePiles.
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(iv) WellFoundationinbridges

a)Wellfoundationsarecommonlyusedfortransferringheavyloadstodeepstrata

inriverorseabedforbridges,transmissiontowersandharbourstructures.The

situation where wellfoundations are resorted are as below as) Wherever

considerationofscourorbearingcapacityrequirefoundationtobetakentodepth

ofmorethan5M below groundlevelopenfoundationbecomesuneconomical.

Heavyexcavationanddewateringproblem coupledwitheffortinvolveinretaining

the soilmakes the open foundation costlierin comparison to othertype

offoundation.

b)Soilbecomeslooseduetoexcavationaroundtheopenfoundationandhence

susceptible to scouring.Thisisavoided in wellfoundation which issunkby

dredginginsideofthewell.

c)From bearingpressureconsiderations,awellfoundationcanalwaysbeleft

hollow thereby considerably reducing bearing pressure transmitted to the

foundation material.This is veryimportantin soils ofpoorbearing capacity,

particularlyinclayeysoils.Inothertypeoffoundation,thesoildisplacedisoccupied

bysolidmasonry/concretewhichareheavierthanthesoildisplacedandhencethis

doesnotgiveanyreliefinrespectofadjustingbearingcapacity.Howeverincaseof

wellfoundationthisiseasilyachievedbecauseofcellularspaceleftinsidethewell.

Caisson:-
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Caisson:-Thecaissonisastructureused

forthepurposeofplacingasfoundationincorrect position under water. The term

caissonisderivedfrom theFrenchword‘caisse’meaningabox.Itisamemberwith

hollowportion,whichafterinstallinginpalacebyanymeansisfilledwithconcrete

orothermaterial.Caissonsarepreparedinsandysoilsthecaissonscanbedivided

inthefollowingthreegroups

a.BoxCaissons

b.OpenCaissonsorWells

c. PneumaticCaissons

Wellcomponentsandtheirfunctions:

 Cuttingedge:-Itprovidesacomparativelysharpedgetocutthesoilbelow

duringsinkingoperation.Itisusuallyconsistsofamildsteelequalangle

ofside150mm.

 Curb:-Ithasatwo-foldpurpose.Duringsinkingitactsasanextensionof

cuttingedgeandalsoprovidedsupporttothewellsteiningandbottom plug

whileaftersinkingittransferstheloadtothesoilbelow.Itismadeupof

reinforcedconcreteusingcontrolledconcreteofgradeM200.

 Steining:-Itisthemainbodyofthewell.Itisservesdualpurpose.Itactsasa

cofferdam duringsinkingandstructuralmembertotransfertheloadtothe

soilbelow afterwards.The steining may consistofbrick masonry or

reinforcedconcrete.Thethicknessofsteiningshouldnotbelessthan4.5cm

notlessthanthatgivenbyequation.

t=K{(H/100)+(D/10)}

Here, t=minimum concretesteiningthickness.

H=welldepthbelowbed

D=ExternaldiameterofWell

K=aconstantwhichis1.0forsandystrata.

 Bottom Plug:-Itsmainfunctionistotransfersloadfrom thesteining

tothesoilbelow.

 SandPlug:-Itsutilityisdoubtful.Itissupposedtoaffordsomerelief

tothesteiningbytransformingdirectlyaportionofloadfrom wellcap

tobottom plug.

 TopPlug:-Theopinionisdividedaboutthetopplug.It,atleast,

servesasashutteringforlayingwellcap.
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 Reinforcement:–Itprovidesrequisitestrengthtothestructureduring

sinkingandservice.

 WellCap:-Itisneededtotransfertheloadsandmomentsfrom the

piertothewellorwellsbelow.Theshapeofwellcapissimilartothat

ofthewellwithacantileveringofabout15cm.Whenever2or3wells

ofsmalldiameterareneededtosupportthesub-structure,thewell

capdesignedasaslabrestingoverthewellorwellswithpartialfixity

attheedgesofthewells.

 DepthofWellFoundation:-AsperI.R.C.BridgeCode(Part-III),the

depth of well foundation is to be decided on the

followingconsideration

1.Theminimum depthoffoundationbelow theH.F.L.shouldbe

1.33D,WhereDistheanticipatedmax.Depthofscourbelow

H.F.L.Depthshouldprovidedpropergripaccordingtosome

rationalformula.

2.Themaxbearingpressureonthesubsoilunderthefoundation

resultingform anycombinationoftheloadsandforcesexcept

windandseismicforcesshouldnotexceedthesafebearing

capacityofthesubsoil,aftertakingintoaccounttheeffect

ofscour.

With wind and seismic forces in addition,the max.

Bearingpressureshouldnotexceedthesafebearingcapacity

ofthesubsoilbymorethan25%.

3.Whilecalculating max.Baring pressureonthefoundation

bearinglayerresultingfrom theworstcombinationofdirect

forcesand overturning moments,theeffectofa passive

resistanceoftheearthonsidesofthefoundationstructure

maybetaken into accountbelow themax,depth ofthe

scouronly.

4.Theeffectofskinfrictionmaybeallowedontheportions

below themax,depthofscour.Accordinglyfordecidingthe

depthofwellfoundation,werequirecorrectestimationof

thefollowing.

1.Max.Sourdepth.

2.Safebearingcapacity.

3.Skinfriction.

4.Lateralearthsupportbelowmax.Scourlevel.

Itisalwaysdesirabletofixthelevelofawellfoundationonasandystrata

withadequatebearingcapacity.Wheneverathinstratum ofclayoccurring

betweentwolayersofsandismetwith,inthatcasewellmustbepierced

throughtheclayeystrata.Ifatallfoundationhastobelaidonclayeylayerit

shouldbeensuredthattheclayisstiff.

DesignloadsandForces.Theforcesactingonabridgestructure,to

beconsideredfothedesignofawellfoundation,areasfollows:

Vertical
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(i) Deadload,

(ii) Liveload,

(iii) Buoyancy.
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Horizontal

(i) Windforce.

(ii) Forceduetowatercurrents.

(iii) Longitudinalforcescausedbythetractiveeffortofvehicleorby

brakingeffectofvehicles.

(iv) Longitudinalforceonaccountofresistanceofthebearingagainst

movementduetovariationsoftemperature.

(v) Seismicforce.

(vi) Earthpressure.

(vii) Centrifugalforce.

TheI.R.C.BridgecodeIIstipulatesthemagnitudeofaboveloadsand

forces.Themagnitude,directionandpointofapplicationofalltheabove

forcescanberesolvedintotwohorizontalforces,P andQ andasingle

verticalforceW undertheworstpossiblecombinations.
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Chapter10

Piers:-

Piersprovideverticalsupportsforspansatintermediatepointsandperform two

mainfunctions:transferringsuperstructureverticalloadstothefoundationsandresisting

horizontalforcesactingonthebridge.Althoughpiersaretraditionallydesignedtoresist

verticalloads,itisbecomingmoreandmorecommontodesignpierstoresisthighlateral

loadscausedbyseismicevents.Eveninsomelow seismicareas,designersarepaying

moreattentiontotheductilityaspectofthedesign.Piersarepredominantlyconstructed

usingreinforcedconcrete.Steel,toalesserdegree,isalsousedforpiers.Steeltubesfilled

withconcrete(composite)columnshavegainedmoreattentionrecently.

FIGURE:1:Typicalcross-sectionshapesofpiersforovercrossingsorviaductsonland.

Pierisusuallyusedasageneralterm foranytypeofsubstructurelocatedbetween

horizontalspansandfoundations.However,from timetotime,itisalsousedparticularly

forasolidwallinordertodistinguishitfrom columnsorbents.From astructuralpointof

view,acolumnisamemberthatresiststhelateralforcemainlybyflexureactionwhereas

apierisamemberthatresiststhelateralforcemainlybyashearmechanism.Apierthat

consistsofmultiplecolumnsisoftencalledabent.

FIGURE:-2Typicalcross-sectionshapesofpiersforriverandwaterwaycrossings.

Thereareseveralwaysofdefiningpiertypes.Oneisbyitsstructuralconnectivityto

thesuperstructure:monolithicorcantilevered.Anotherisbyitssectionalshape:solidor

hollow;round,octagonal,hexagonal,orrectangular.Itcanalsobedistinguishedbyits

framing configuration:single ormultiple columns bent;hammerhead orpierwall.

Selectionofthetypeofpiersforabridgeshouldbebasedonfunctional,structural,and

geometricrequirements.Aestheticsisalsoaveryimportantfactorofselectionsince

modernhighwaybridgesarepartofacity’slandscape.Figure-1showsacollectionof

typicalcrosssectionshapesforovercrossingsandviaductsonlandandFigure-2shows

sometypicalcrosssectionshapesforpiersofriverand
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waterwaycrossings.Often,piertypesaremandatedbygovernmentagenciesorowners.

ManystatedepartmentsoftransportationintheUnitedStateshavetheirownstandard

columnshapes.
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Broadlypiersareclassifiedunderfollowingtwocategories:-

I. SolidPiers.

II. OpenPiers.

Solidwallpiers,asshowninFigures3-aand4,areoftenusedatwatercrossings

sincetheycanbeconstructedtoproportionsthatarebothslenderandstreamlined.These

featureslendthemselveswellforprovidingminimalresistancetofloodflows.

Hammerheadpiers,asshowninFigure3-b,areoftenfoundinurbanareaswhere

spacelimitationisaconcern.Theyareusedtosupportsteelgirderorprecastprestressed

concretesuperstructures.Theyareaestheticallyappealing.Theygenerallyoccupyless

space,therebyprovidingmoreroom forthetrafficunderneath.Standardsfortheuseof

hammerhead piersareoften maintained byindividualtransportation departments.A

columnbentpierconsistsofacapbeam andsupportingcolumnsformingaframe.

Columnbentpiers,asshowninFigure3-candFigure27.5,caneitherbeusedto

supportasteelgirdersuperstructureorbeusedasanintegralpierwherethecast-in-place

constructiontechniqueisused.Thecolumnscanbeeithercircularorrectangularincross

section.Theyarebyfarthemostpopularformsofpiersinthemodernhighwaysystem.

Apileextensionpierconsistsofadrilledshaftasthefoundationandthecircular

columnextendedfrom theshafttoform thesubstructure.Anobviousadvantageofthis

typeofpieristhatitoccupiesminimalamountofspace.Wideninganexistingbridgein

someinstancesmayrequirepileextensionsbecauselimitedspaceprecludestheuseof

othertypesoffoundations.

FIGURE-3

FIGURE-4
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Abutments:-

Theyaretheendsupportsofthesuperstructure,retainingearthontheirback.They

arebuilteitherwithmasonry,stoneorbrickworkorordinarymassconcreteorreinforced

concrete.Thetopsurfaceoftheabutmentismadeflatwhenthesuperstructureisof

trussesorgirdersorsemi-circulararch.Incaseofsegmentalorellipticalarchtypeof

superstructure,theabutmenttopismadeskew.Weepholesareprovidedatdifferent

levelsthroughthebodyoftheabutmenttodrainoftheretainedearth.

Thesalientfeaturesofbridgeabutmentsarelistedbelow.

(a)Height.Theheightoftheabutmentsiskeptequaltothatofthepiers.

(b)Abutmentbatter.Thewaterfaceoftheabutmentisusuallykeptverticalorcouldbe

givenabatterof1in12to1in24asofpiers.Thefaceretainingearthisgivena

batterof1in6ormaybesteppeddown.

(c)AbutmentWidth.Thetopwidthoftheabutmentshouldprovideenoughspacefor

thebridgeseatandfortheconstructionofadwarfwalltoretainearthuptothe

approachlevel.

(d)LengthofAbutment.Thelengthofabutmentiskeptatleastequaltothewidthofthebridge.

(e)Abutmentcap.Thedesignissimilartothatofpiercap.

Abutmentscanbespill-throughorclosed.Thespillthroughabutmentgenerallyhas

asubstantialberm to help restrainembankmentsettlementattheapproachofthe

structure.

Approachembankmentsettlementcanalsobeaccommodatedbyapproachslabs

toeliminatebumpsatthebridgeends,closedabutmentspartiallyorcompletelyretainthe

approachembankmentsfrom spilling underthespan,and Bridgesofseveralspans

requireexpansionattheabutments.Thereforetheyarenousuallyrequiredtoresistthe

longitudinalforcesthatdevelop.

Broadly,abutmentsareclassifiedunderthefollowingcategories.

1.Abutmentswithwingwalls

2.Abutmentswithoutwing

wallsAbutments with

wingwalls

(a)StraightWingwalls

(b)SplayedWingwalls

(c)Return Wing

WallsAbutments without

wingwalls

(a)BuriedAbutments
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(b)BoxAbutments

(c)TeeAbutments

(d)ArchAbutments

FIGURES:-ABUTMENTS

BuriedAbutments:-Thistypeofabutmentsisgenerallybuiltpriortotheplacingofthefill.

Since itisfilledonbothsidestheearthpressureislow.Superstructureerectioncanbe

beginbeforeplacementoffill.

BoxAbutments:-Thisemploysashortspanofbridgebuiltintegralwithcolumnstoactas

aframeandresistearthpressureoftheapproaches.Itismostoftenusedoverpasswork

wheretheshortspanmaybeemployedforpedestrianpassage(seefigure).

TeeAbutments:-ThistypelookslikeTinplanandhasnowbecomeabsolute(seefigure)

ArchAbutments:-Thistypeofabutmentisusedwherearchesareemployedbecauseof

theireconomyincertainconditions.Thehighinclinedskewbackthrustsaredifficultto

handleunlesstheabutmentcanbeseatedinrock.Therefore,theyareoftenusedforspan

overgorges.(seefigure)

WINGWALLS:

Inabridge,thewingwallsareadjacenttotheabutmentsandactasretainingwalls.

Theyaregenerallyconstructedofthesamematerialasthoseofabutments.Thewing

wallscaneitherbeattachedtotheabutmentorbeindependentofit.Wingwallsare

providedatbothendsoftheabutmentstoretaintheearthfillingoftheapproaches.Their

designperioddependsuponthenatureoftheembankmentanddoesnotdependuponthe

typeorpartsofthebridge.[1]

Thesoilandfillsupportingtheroadwayandapproachembankmentareretainedbythe

wingwalls,which

canbeatarightangletotheabutmentorsplayedatdifferentangles.Thewingwallsare

generallyconstructedatthesametimeandofthesamematerialsastheabutments.

Classificationofwingwalls

Wingwallscanbeclassifiedaccordingtotheirpositioninplanwithrespecttobanksand

abutments.Theclassificationisasfollows:
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1.StraightWingwalls:Theyareusedforsmallbridges,ondrainswithlowbanksandfor

railwaybridgesincities(weepholesareprovided).

2.SplayedWingwalls:Theseareusedforbridgesacrossrivers.Theyprovidesmooth

entryandexittothewater.Thesplayisusually45°.Theirtopwidthis0.5m,facebatter1

in12andbackbatter1in6,weepholesareprovided.

3.ReturnWingwalls:Theyareusedwherebanksarehighandhardorfirm.Theirtopwidth

is1.5m andfaceisverticalandbackbattered1in4.Scourcanbeaproblem forwingwalls

andabutmentsboth,asthewaterinthestream erodesthesupportingsoil.[
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CHAPTER-

11PERMANENT

BRIDGES

MasonryBridges:-

Bridgeunitthespandrel,whichsupportsthebridgeroadway.Thespandrelis

madefrom gravelorcrushedstonebackingheldinbylateral(side)wallsmadeof

concretemasonryorstoneworkorintheform ofanopenmainload-bearingstructuresare

madeofnaturalstone,brick,orconcreteblocks.Suchabridgeisalwaysarched,with

massivesupports.Themainload-bearingelementofamasonrybridgeisthearch,over

whichisstructureofsmallarchesrestingoncrosswalk.Theadvantagesofamasonry

bridgeareitsarchitecturalattractivenessanditsdurability.Masonrybridgesareknown

thathavebeeninuseformorethan1,000years.Thebasicshortcomingsthatlimitthe

useofmasonrybridgesaretheircomplexityandlaborintensivenessofconstruction..

Theirsimplicity,economyandeasewithwhichpleasingappearancecanbeobtainedmake

them suitableforthispurpose.

Classificationofsteelbridges

Steelbridgesareclassifiedaccordingto

· thetypeoftrafficcarried

· thetypeofmainstructuralsystem

· thepositionofthecarriagewayrelativetothemain

structuralsystem Thesearebrieflydiscussedinthissection.

Classificationbasedontypeoftrafficcarried
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Bridgesareclassifiedas

· Highwayorroadbridges

· Railwayorrailbridges

· Road-cum -railbridges

Classificationbasedonthemainstructuralsystem

Manydifferenttypesofstructuralsystemsareusedinbridgesdependinguponthespan,

carriagewaywidthandtypesoftraffic.Classification,accordingtomakeupofmainload

carryingsystem,isasfollows:

(i)Girderbridges-Flexureorbendingbetweenverticalsupportsisthemainstructural

actioninthistype.Girderbridgesmaybeeithersolidwebgirdersortrussgirdersorbox

girders.Plategirderbridgesareadoptedforsimplysupportedspanslessthan50m and

boxgirdersforcontinuousspansupto250m.Crosssectionsofatypicalplategirderand

boxgirderbridgesareshowninFig.7.2(a)andFig.7.2(b)respectively.Trussbridges[See

Fig.7.2(c)]aresuitableforthespanrangeof30m to375m.Cantileverbridgeshavebeen

builtwithsuccesswithmainspansof300m to550m..Theymaybefurther,sub-divided

intosimplespans,continuousspansandsuspended-and-cantileveredspans,asillustrated

inFig.7.3.

Fig.7.2(a)Plategirderbridgesection

Fig.7.2(b)Boxgirderbridgesection
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Fig.7.2(c)Someofthetrussesusedinsteel
bridges

Fig.7.3Typicalgirderbridges

(i)Rigidframebridges-Inthistype,thelongitudinalgirdersaremadestructurallycontinuous

withtheverticalorinclinedsupportingmemberbymeansofmomentcarryingjoints

[Fig.7.4].Flexurewithsomeaxialforceisthemainforcesinthemembersinthistype.

Rigidframebridgesaresuitableinthespanrangeof25m to200m.

Fig.7.4Typicalrigidframebridge

(ii)Archbridges

Theloadsaretransferredtothefoundationsbyarchesactingasthemainstructuralelement.
Axial
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compressioninarchribisthemainforce,combinedwithsomebending.Archbridgesare

competitiveinspanrangeof200m to500m.

(iii)Cablestayedbridges-Cablesintheverticalornearverticalplanessupportthemain

longitudinalgirders.Thesecablesarehungfrom oneormoretalltowers,andareusually

anchoredatthebottom tothe

girders.Cablestayedbridgesareeconomicalwhenthespanisabout150m to700m.Layout

ofcablestayedbridgesareshowninFig.7.6.

Fig.7.6Layoutofcablestayedbridges

(i)Suspensionbridges-Thebridgedeckissuspendedfrom cablesstretchedoverthegapto

bebridged,anchoredtothegroundattwoendsandpassingovertalltowerserectedator

nearthetwoedgesofthegap.Currently,thesuspensionbridgeisbestsolutionforlong

spanbridges.Fig.showsatypicalsuspensionbridge.Fig.7.8showsnormalspanrangeof

differentbridgetypes.

Fig.7.7Suspensionbridge

Classificationbasedonthepositionofcarriageway
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Thebridgesmaybeofthe"decktype","throughtype"or"semi-throughtype".Theseare

describedbelowwithrespecttotrussbridges:

(i)Decktypebridge-Thecarriagewayrestsonthetopofthemainloadcarrying

members.Inthedecktypeplategirderbridge,theroadwayorrailwayisplacedonthetop

flanges.Inthedecktypetrussgirderbridge,theroadwayorrailwayisplacedatthetop

chordlevelasshowninFig.7.9(a).

Fig.7.8Normalspanrangesofbridgesystem
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TYPESOFCONCRETEBRIDGES

ArchBridges

Arch bridges derive theirstrength from the factthatverticalloads on the arch generate

compressiveforcesinthearchring,whichisconstructedofmaterialswellabletowithstandthese

forces.Thecompressiveforcesinthearchringresultininclinedthrustsattheabutments,anditis

essentialthatarchabutmentsarewellfoundedorbuttressedtoresisttheverticalandhorizontal

componentsofthesethrusts.Ifthesupportsspreadapartthearchfallsdown.Traditionally,arch

bridgeswereconstructedofstone,brickormassconcretesincethesematerialsareverystrongin

compressionandthearchcouldbeconfiguredsothattensilestressesdidnotdevelop.Modern

concretearchbridgesutilizeprestressingorreinforcingtoresistthetensilestresseswhichcan

developinslenderarchrings.

ReinforcedSlabBridges

Forshortspans,asolidreinforcedconcreteslab,generallycastin-situratherthanprecast,isthe

simplestdesign.Itisalsocost-effective,sincetheflat,levelsoffitmeansthatfalseworkand

formwork are also simple.Reinforcement,too,is uncomplicated.With largerspans,the

reinforcedslabhastobethickertocarrytheextrastressesunderload.Thisextraweightofthe

slabitselfthenbecomesaproblem,whichcanbesolvedinoneoftwoways.Thefirstistouse

prestressingtechniquesandthesecondistoreducethedeadweightoftheslabbyincluding

'voids',oftenexpandedpolystyrenecylinders.Uptoabout25m span,suchvoidedslabsaremore

economicalthanprestressedslabs.
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Beam andSlabBridge

Beam andslabbridgesareprobablythemostcommonform ofconcretebridgeintheUK

today,thankstothesuccessofstandardprecastprestressedconcretebeamsdeveloped

originally by the Prestressed Concrete Development Group (Cement & Concrete

Association)supplementedlaterbyalternativedesignsbyothers,culminatingintheY-

beam introducedbythePrestressedConcreteAssociationinthelate1980s.

Theyhavethevirtueofsimplicity,economy,wideavailabilityofthestandard

sections,andspeedoferection.Theprecastbeamsareplacedonthesupportingpiersor

abutments,usuallyonrubberbearingswhicharemaintenancefree.Anin-situreinforced

concretedeckslabisthencastonpermanentshutteringwhichspansbetweenthebeams.

Theprecastbeamscanbejoinedtogetheratthesupportstoform continuousbeamswhich

arestructurallymoreefficient.However,thisisnotnormallydonebecausethecostsinvolved

arenotjustifiedbytheincreasedefficiency.

Simplysupportedconcretebeamsandslabbridgesarenowgivingwaytointegralbridgeswhich

offertheadvantagesoflesscostandlowermaintenanceduetotheeliminationofexpansionjoints

andbearings.

Techniquesofconstructionvaryaccordingtotheactualdesignandsituationofthebridge,

therebeingthreemaintypes:

1.Incrementallylaunched

2.Span-by-span

3.Balancedcantilever

Incrementallylaunched

Asthenamesuggests,theincrementallylaunchedtechniquecreatesthebridgesectionby

section,pushingthestructureoutwardsfrom theabutmenttowardsthepier.Thepracticallimit

onspanforthetechniqueisaround75m.
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Span-by-span

Thespan-by-spanmethodisusedformulti-spanviaducts,wheretheindividualspancanbeupto
60m.

Thesebridgesareusuallyconstructedin-situwiththefalseworkmovedforwardspanbyspan,

butcanbebuiltofprecastsections,puttogetherassinglespansanddroppedintoplace,span

byspan.

Balancedcantilever

Intheearly1950's,theGermanengineerUlrichFinsterwalderdevelopedawayoferecting

prestressed concrete cantilevers segmentby segmentwith each additionalunitbeing

prestressedtothosealreadyinposition.Thisavoidstheneedforfalseworkandthesystem

hassincebeendeveloped.

Whethercreatedin-situorusingprecastsegments,thebalancedcantileverisoneofthemost

dramaticwaysofbuildingabridge.Workstartswiththeconstructionoftheabutmentsand

piers.Then,from eachpier,thebridgeisconstructedinbothdirectionssimultaneously.Inthis

way,eachpierremainsstable-hence'balanced'-untilfinallytheindividualstructuralelements

meetandisconnectedtogether.Ineverycase,thesegmentsareprogressivelytiedbacktothe

piersbymeansofprestressingtendonsorbarsthreadedthrougheachunit.

IntegralBridges

Oneofthedifficultiesindesigninganystructureisdecidingwheretoputthejoints.Theseare

necessarytoallowmovementasthestructureexpandsundertheheatofthesummersunand

contractsduringthecoldofwinter.Expansionjointsinbridgesarenotoriouslyproneto

leakage.Waterladenwithroadsaltscanthenreachthetopsofthepiersandtheabutments,

andthiscanresultincorrosionofallreinforcement.Theexpansiveeffectsofrustcansplit

concreteapart.Inaddition,expansionjointsandbearingsareanadditionalcostsomoreand

morebridgesarebeingbuiltwithouteither.Suchstructures,called'integralbridges',canbe

constructedwithalltypesofconcretedeck.Theyareconstructedwiththeirdecksconnected
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directlytothesupportingpiersandabutmentsandwithnoprovisionintheform ofbearingsor

expansionjointsforthermalmovement.Thermal
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movementofthedeckisaccommodatedbyflexureofthesupportingpiersandhorizontal

movementsoftheabutments,withelasticcompressionofthesurroundingsoil.

Alreadyusedforlengthsupto60m,theintegralbridgeisbecomingincreasinglypopularas

engineersanddesignersfindotherwaysofdealingwiththermalmovement.

Cable-StayedBridges

Forreallylargespans,onesolutionisthecable-stayedbridge.Thesetypesofbridgesfirst

developed in westGermany.Theyconsistsofcablesprovided above the deckand are

connectedtothetowers.Thedeckiseithersupportedbyanumbercablesmeetinginabunch

atthetowerorbyjoiningatdifferentlevelsonthetower.Themultiplecableswouldfacilitate

smallerdistancebetweenpointsofsupportsforthedeckgirders.Thisresultsinreductionof

structuredepth.Thecablescanarrangeinoneplaneortwoplanes.Thetwoplanesystem

requiresadditionalwidthstoaccommodatethetowersanddeckanchorages.Singlyplane

system requireslesswidthofdeck.Whereallelementsareconcrete,thedesignconsistsof

supportingtowerscarryingcableswhichsupportthebridgefrom bothsidesofthetower.Most

cable-stayedbridgesarebuiltusingaform ofcantileverconstructionwhichcanbeeitherin-

situorprecast.

Thecablestayedbridgesaresimilartosuspensionbridgesexceptthat

therearenosuspendersinthecablestayedbridgesandthecablesaredirectlystretchedfrom

thetowerstoconnectwithdecking.Nospecialanchorageisrequiredforthecablesasincase

ofsuspensionbridgesbecausetheanchorageatoneendisdoneinthegirderandattheother

ontopoftower.Thecable-stayedbridgeshavebeenfoundeconomicalforuptospan300m.

Howeverduetocantilevereffecttheirdeflectionisratherhighandhencetheyarenotpreferred

forverylongspaninrailways.

SuspensionBridges

Concreteplaysanimportantpartintheconstructionofasuspensionbridgesuspensionbridgs

areidealsolutionforbridginggapsinhillyareasbecauseoftheirconstructiontechnologyand

capacityofspanninglargegaps.Therewillbemassivefoundations,usuallyembeddedinthe

ground,thatsupporttheweightandcableanchorages

.Thecabletakesshapeofcatenarybetweentwopointsofsuspension.Theflooringofbridge

supported bythecablebyvirtueoftensiondeveloped initscrosssection.Thevertical
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membersareknownas
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suspendersareprovidedtotransferloadfrom bridgefloortosuspensioncable.Therewillalsobe

theabutments,againprobably
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inmassconcrete,providingthevitalstrengthandabilitytoresisttheenormousforces,andin

addition,theslendersuperstructurescarryingtheupperendsofthesupportingcablesarealso

generallymadefrom reinforcedconcrete.

Typicaldeck,throughandsemi-throughtypetrussbridges

(ii)ThroughTypeBridge-Thecarriagewayrestsatthebottom levelofthemainload

carryingmembers.Inthethroughtypeplategirderbridge,theroadwayorrailwayis

placedatthelevelofbottom flanges.Inthethroughtypetrussgirderbridge,the

roadwayorrailwayisplacedatthebottom chordlevel.Thebracingofthetopflange

orlateralsupportofthetopchordundercompressionisalsorequired.

(iii)SemithroughTypeBridge-Thedeckliesinbetweenthetopandthebottom ofthe

mainload carrying members.Thebracing ofthetop flangeortop chord under

compressionisnotdoneandpartoftheloadcarryingsystem projectabovethefloor

levelThelateralrestraintinthesystem isobtainedusuallybytheU-frameactionofthe

verticalsandcrossbeam actingtogether.

Concretebridges-

Theycanbedividedintothefollowing

mainclasses(1)Unstiffenedsuspension

Bridges.

(2)StiffenedsuspensionBridges.

Un-stiffened suspension Bridges:-Incase ofUn-stiffened suspension Bridges the

movingloadistransferreddirecttothecablesbyeachsuspender.Theseareusedfor

lightconstructionsuchasfootbridgesforesttrainstructures,etcwherethemoving

loadisnegligibleanddeflectionrequirementsarenotcontrolling.Alsotheplaces

wherespanisverylongandtheratiodeadtomovingloadintensityissogreatto

renderstiffeningunnecessary.

StiffenedsuspensionBridges:-InstiffenedtypesuspensionBridgesmovingloadsare

transformedtothecablesthroughmedium oftrussescalledstiffeninggirders.The

stiffeninggirderassiststhecabletobecomemorerigidandpreventchangeinshape

andgradientofroadwayplatform.Itisthereforeadoptedforheavytraffic.

IRCBridgeloading:-

ThepublicroadsinIndiaaremanagedandcontrolledbytheGovernment

andhencebridgestobeconstructedforroadstobedesignedasperstandardssetup
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bystandard



94

authorities.ForhighwaybridgesstandardspecificationsarecontainedintheIndian

Road Congress (I.R.C)Bridge code.In India,highway bridges are designed in

accordancewithIRCbridgecode.IRC:6-1966–SectionIIgivesthespecificationsfor

thevariousloadsandstressestobeconsideredinbridgedesign.Therearethree

typesofstandardloadingsforwhichthebridgesaredesignednamely,

(a)IRCclassAAloading,

(b)IRCclassAloading

(c)IRCclassBloading.

IRCclassAAloading:-

IRCclassAAloadingconsistsofeitheratrackedvehicleof70tonnesorawheeled

vehicleof40tonneswithdimensionsasshowninFig.Theunitsinthefigurearemm

forlengthandtonnesforload.Normally,bridgesonnationalhighwaysandstate

highwaysaredesignedfortheseloadings.BridgesdesignedforclassAAshouldbe

checkedforIRCclassAloadingalso,sinceundercertainconditions,largerstresses

maybeobtainedunderclassAloading.Sometimesclass70Rloadinggiveninthe

Appendix-IofIRC:6-1966-SectionIIcanbeusedforIRCclassAAloading.Class70

Rloadingisnotdiscussedfurtherhere.

IRCclassAloading:-ClassAloadingisbasedonheaviesttypecommercialvehicleconsistsof

awheelloadtraincomposedofadrivingvehicleandtwotrailersofspecifiedaxlespacings.

Thisloadingisnormallyadoptedonallroadsonwhichpermanentbridgesareconstructed.
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.IRCclassBloading:-ClassBloadingisadoptedfortemporarystructuresandfor

bridgesinspecifiedareas.ForclassAandclassBloadings,readeris

referredtoIRC:6-1966–SectionII.
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CHAPTER-

12CULVERTSANDCAUSE

WAYS

Culvert-A culvertisdefinedasasmallbridgeconstructedoverastream which

remainsdrymostpartoftheyear.Itisacrossdrainageworkhavingtotallengthnot

exceeding6m betweenfacesofabutment.

TypesofCulverts;-

Thefollowingaresixdifferenttypeculvert.

1.Arch

culvert

2.Box

culvert

3.Pipe

Culvert

4.Slab

Culvert

Archculvert:-

Anarchculvertconsistsofabutmentswingwalls,arch,parapetsandthefoundation.

Theconstruction

materialscommonlyusedarebrickworkorconcrete.Floorandcurtainwallmayor

maynotbe

provideddependinguponthenatureoffoundationsoilandvelocityofflow.Atypical

archculvertisshowninfigure.

Boxculvert:-

Incaseofboxculverttherectangularboxesareformedofmasonry,R.C.Corsteel.The

R.C.Cboxculvertsareverycommonandtheyconsistofthefollowingtwocomponent

(i)ThebarrelorboxsectionofsufficientlengthtoaccommodatetheroadwayandtheKrebs.

(ii)Thewingwallssplayedat45forretainingtheembankmentandalsoguidingthe

flowofwaterintoandoutofthebarrel.
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Fig.6-2showsanR.C.Cboxculvertwithtwoopenings.Followingpointsshouldbenoted.

(i)Foundation:Theboxculvertsprovetobesafewheregoodfoundationsareeasily

available.(ii)Height:Theclearventheighti.e.theverticaldistancebetweentopand

bottom oftheculvertrarelyexceeds3meters.

(iii)Sap:Theboxculvertsareprovidedsinglyorinmultipleunitswithindividualspan

exceedabout6m orso,itrequiresthicksectionwhichwillmaketheconstruction

uneconomical.(iv)Top:Dependinguponthesiteconditions,thetoplevelofboxmaybe

attheroadleveloritcanevenbeatadepthbelowroadlevelwithfillingofsuitable

material.

PipeCulvert:

Theyareprovidedwhendischargeofstream issmallorwhensufficientheadwayis

notavailable.Usuallyoneormorepipesofdiameternotlessthan60cm areplaced

sidebyside.Theirexactnumberanddiameterdependuponthedischargeandheight

ofbank.Foreasyapproachofwatersplayedtypewingwallsareprovidedinfig.6.3

showsaHumepipesculvertofsinglepipe.Thepipescanbebuiltofmasonry.Stone

ware,cementconcrete,castironorsteel.Concretebeddingshouldalsobegiven

below thepipesandearthcushionofsufficientthicknessonthetoptoprotectthe

pipesandtheirjoints.ForEconomicreasonroadculvertsshouldhavenon-pressure

heavydutypipesoftypeISIclassNP3conformingtoIS:458-1961.Asfarpossiblethe

gradientofthepipeshouldnotbelessthan1000.

SlabCulvert:

AslabculvertconsistsofstoneslabsorR.C.Cslab,suitablysupportonmasonrywalls
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oneitherside.Asshowninfig6-4.Theslabculvertsofsimplytypearesuitableupto

amaximum
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spanof2.50m orso.HowevertheR.C.Cculvertsofdeckslabtypecaneconomically

beadopteduptospansofabout8

m.However,thethicknessofslabanddeadweightmaysometimesprovetobethe

limitingfactorsfordecidingtheeconomicalspanofthistypeofculverts.

Theconstructionofslabculvertsisrelativelysimpleastheframeworkcaneasilybearranged,

reinforcementcanbesuitablyplacedandconcretingcanbedoneeasily.Thistypeof

culvertcanbeusedforhighwayaswellasRailwayBridge.Dependinguponthespan

ofculvertandsiteconditionstheabutmentandwingwallsofsuitabledimensions

maybeprovided.Theparapetorhandrailofatleast750mm heightshouldbe

providedontheslabtodefinethewidthofculvert.


