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Lecture-1

1.1Overview

INTRODUCTION

From thebeginningofhistory,humansensitivityhasrevealedanurgeformobility
leadingtoameasureofSociety'sprogress.Thehistoryofthismobilityortransportis
thehistoryofcivilization.Foranycountrytodevelopwithrightmomentum modernand
efficientTransportasabasicinfrastructureisamust.Transport(BritishEnglish)or
transportation(AmericanEnglish)isthemovementofpeopleandgoodsfrom oneplace
toanother.Theterm isderivedfrom theLatintrans("across")andportare("tocarry").

1.2MeansofTransport

Fig.1.1MeansofTransport

1.3.AdvantageandDisadvantageDifferentModesofTransport

(A)RoadTransport
Advantage

s
Disadvantag

es
1.LessCapitalOutlay
2.DoortoDoorService
3.ServiceinRuralAreas
4.FlexibleService
5.SuitableforShortDistance
6.LesserRiskofDamageinTransit
7.SavinginPackingCost
8.RapidSpeed
9.LessCost

1.SeasonalNature
2.AccidentsandBreakdowns
3.UnsuitableforLongDistanceand
BulkyTraffic
4.SlowSpeed
5.LackofOrganisation
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10.PrivateOwnedVehicles
11.FeedertootherModesofTransport

(B)RailwayTransport
Advantage

s
Disadvantag

es
1.Dependable
2.BetterOrganised
3.HighSpeedoverLongDistances
4.SuitableforBulkyandHeavyGoods
5.CheaperTransport
6.Safety
7.LargerCapacity
8.PublicWelfare
9.AdministrativeFacilitiesofGovernment
10.EmploymentOpportunities

1.HugeCapitalOutlay
2.LackofFlexibility
3.LackofDoortoDoorService
4.Monopoly
5.UnsuitableforShortDistance
andSmallLoads
6.BookingFormalities
7.NoRuralService
8.Under-utilisedCapacity
9.CentralisedAdministration

(C)AirTransport
Advantage

s
Disadvantag

es
1.HighSpeed
2.ComfortableandQuickServices
3.NoInvestmentinConstructionofTrack
4.NoPhysicalBarriers
5.EasyAccess
6.EmergencyServices
7.QuickClearance
8.MostSuitableforCarryingLight
GoodsofHighValue
9.NationalDefence
10.SpaceExploration

1.VeryCostly
2.SmallCarryingCapacity
3.UncertainandUnreliable
4.BreakdownsandAccidents
5.LargeInvestment
6.SpecialisedSkill
7.UnsuitableforCheapandBulkyGoods
8.LegalRestrictions

1.4.Elementsoftransport

Themovementofgoodsorpassengertraffic,throughrail,sea,airorroadtransport

requiresadequateinfrastructurefacilitiesforthefreeflow from theplaceoforiginto

theplaceofdestination.Irrespectiveofmodes,everytransportsystem hassome

commonelements:

a)Vehicleorcarriertocarrypassengerorgoods

b)Routeorpathformovementofcarriers

c)Terminalfacilitiesforloadingandunloadingofgoodsandpassengersfromcarriers

d)PrimeMover

e)Transittimeandcost

f)Cargo
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Theseelementsinfluencetheeffectivenessofdifferentmodesoftransportandtheir
utilitytousers.

•Vehicles:Thedimensionofvehicles,itscapacityandtypearesomeofthefactors,
which
influencetheselectionofatransportsystemformovementofgoodsfromoneplacetotheother.

•Routes:Routesplayanimportantroleinmovementofcarriersfrom onepointto
anotherpoint.Itmaybesurfaceroads,navigablewaterwaysandroadways.Availability
ofwell-designedandplannedrouteswithoutanyobstacleformovementoftransport
vehiclesinspecificroutes,isavitalnecessityforsmoothflowoftraffic.

•TerminalFacilities:-Theobjectiveoftransportationcantbefulfilledunlessproper
facilities are available forloading and unloading ofgoods orentry and exitof
passengersfrom carrier.Terminalfacilitiesaretobeprovidedforloadingandunloading
oftrucks,wagonsetconacontinuousbasis.

•PrimeMover:-Thepowerutilizedformovingofvehiclesfortransportationofcargo
from oneplacetoanotherisanotherimportantaspectofthetotalmovementsystem.

•Transittimeandcost:-Transportationinvolvetimeandcost.Thetimeelementisa
validfactorfordeterminingtheeffectivenessofaparticularmodeoftransport.The
transittimeofavailablesystem oftransportationlargelydeterminesproductionand
consumptionpatternofperishablegoodsinaneconomy.

•Cargo:-Transportationbasicallyinvolvesmovementofcargofrom oneplaceto
another.Hence,nature and size of cargo constitute the basis ofany goods
transportsystem.

1.4Majordisciplinesoftransportation

Transportationengineeringcanbebroadlyconsistingofthefourmajorparts:

1.TransportationPlanning

2.GeometricDesign

3.PavementDesign

4.TrafficEngineering
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2.1Overview

Lecture2

HIGHWAYDEVELOPMENTININDIA

Road network provides the arterialnetwork to facilitate trade,transport,social

integration and economic development.Itfacilitates specialization,extension of

marketsandexploitationofeconomiesofscale.Itisusedforthesmoothconveyance

ofbothpeopleandgoods.Transportationbyroadhastheadvantageoverothermeans

oftransportbecauseofitseasyaccessibility,flexibilityofoperations,door-to-door

serviceandreliability.Consequently,passengerandfreightmovementinIndiaoverthe

yearshaveincreasinglyshiftedtowardsroadsvis-à-visothermeansoftransport.

2.2Historyofhighwayengineering

Thehistoryofhighwayengineeringgivesusanideaabouttheroadsofancienttimes.

RoadsinRomewereconstructedinalargescaleanditradiatedinmanydirections

helpingthem inmilitaryoperations.Thustheyareconsideredtobepioneersinroad

construction.InthissectionwewillseeindetailaboutAncientroads,Romanroads,

Britishroads,Frenchroadsetc.

2.2.1AncientRoads
Themostprimitivemodeoftransportwasbyfoot.Thesehumanpathwayswouldhave

beendevelopedforspecificpurposesleadingtocampsites,food,streamsfordrinking

wateretc.TheinventionofwheelinMesopotamiancivilizationledtothedevelopment

ofanimaldrawnvehicles.Toprovideadequatestrengthtocarrythewheels,thenew

waystendedtofollowthesunnydriersideofapath.Aftertheinventionofwheel,animal

drawnvehiclesweredevelopedandtheneedforhardsurfaceroademerged.Tracesof

suchhardroadswereobtainedfrom variousancientcivilizationdatedasoldas3500

BC.Theearliestauthenticrecordofroadwasfoundfrom Assyrianempireconstructed

about1900BC.

2.2.2Romanroads
TheearliestlargescaleroadconstructionisattributedtoRomanswhoconstructedan

extensivesystem ofroadsradiatinginmanydirectionsfrom Rome.Romansrecognized

thatthefundamentalsofgoodroadconstructionweretoprovidegooddrainage,good

materialandgoodworkmanship.Theirroadswereverydurable,andsomestillexist.

Theroadswereborderedonbothsidesbylongitudinaldrains.Atypicalcorsssectionis

showninFig.2.1.Thiswasaraisedformationuptoa1meterhighand15m wideand

wasconstructedwithmaterialsexcavatedduringthesidedrainconstruction.Thiswas
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thentoppedwithasandlevelingcourse.Inthecaseofheavytraffic,asurfacecourseof

large250mm thickhexagonalagstoneswereprovidedThey
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mixedlimeandvolcanicpuzzolanatomakemortarandtheyaddedgraveltothismortarto

makeconcrete.ThusconcretewasamajorRomanroadmakinginnovation.

Fig.2.1Romanroads

2.2.3Frenchroads

ThesignificantcontributionsweregivenbyTresaguetin1764andatypicalcross

section ofthis road is given in Figure 2.2.He developed a cheapermethod of

constructionthanthelavishandlocallyunsuccessfulrevivalofRomanpractice.The

pavementused200mm piecesofquarriedstoneofamorecompactform andshaped

suchthattheyhadatleastoneatsidewhichwasplacedonacompactformation.

Smallerpiecesofbrokenstoneswerethencompactedintothespacesbetweenlarger

stonestoprovidealevelsurface.Finallytherunninglayerwasmadewithalayerof25

mm sizedbrokenstone.Allthisstructurewasplacedinatrenchinordertokeepthe

runningsurfacelevelwiththesurroundingcountryside.Thiscreatedmajordrainage

problemswhichwerecounteractedbymakingthesurfaceasimperviousaspossible,

camberingthesurfaceandprovidingdeepsideditches.

Fig.2.2.Frenchroads

2.2.4Britishroads

TheBritishgovernmentalsogaveimportancetoroadconstruction.TheBritishengineer
John
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Macadam introducedwhatcanbeconsideredasthefirstscientificroadconstruction

method.Stone size was an importantelementofMacadam recipe.Byempirical

observationofmanyroads,hecametorealizethat250mm layersofwellcompacted

brokenangularstonewouldprovidethesamestrengthabetterrunningsurfacethanan

expensivepavementfoundedonlargestoneblocks.Thusheintroducedaneconomical

methodofroadconstruction.AtypicalcrosssectionofBritishroadsisgiveninFig.2.3.

Fig.2.3.Britishroads

2.2.5Modernroads
The modern roads byand large follow Macadam's construction method.Use of

bituminousconcreteand cementconcretearethemostimportantdevelopments.

Developmentofnewequipmentshelpsinthefasterconstructionofroads.Manyeasily

andlocallyavailablematerialsaretestedinthelaboratoriesandthenimplementedon

roadsformakingeconomicalanddurablepavements.

2.3.RoadDevelopmentinIndia

ExcavationsinthesitesofIndusvalleyrevealedtheexistenceofplannedroadsinIndia

asoldas2500-3500BC.TheMauryankingsalsobuiltverygoodroads.Duringthetime

ofMughalperiod,roadsinIndiaweregreatlyimproved.RoadslinkingNorth-Westand

theEasternareasthroughgangeticplainswerebuiltduringthistime.Theconstruction

ofGrand-TrunkroadconnectingNorthandSouthisamajorcontributionoftheBritish.

2.3.1Moderndevelopments

TheFirstWorldWarperiodandthatimmediatelyfollowingitfoundarapidgrowthin

motortransport.Soneedforbetterroadsbecameanecessity.Forthat,theGovernment

ofIndiaappointedacommitteecalledRoaddevelopmentCommitteewithMr.M.R.

Jayakarasthechairman.ThiscommitteecametobeknownasJayakarcommittee.
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JayakarCommittee

In1927JayakarcommitteeforIndianroaddevelopmentwasappointed.Themajor

recommendationsandtheresultingimplementationswere:

 Committeefoundthattheroaddevelopmentofthecountryhasbecome

beyond the capacityoflocalgovernments and suggested thatCentral

governmentshouldtaketheproperchargeconsideringitasamatterof

nationalinterest.

 Theygavemorestressonlongterm planningprogramme,foraperiodof20

years (hence called twentyyearplan)thatis to formulate plans and

implementthoseplanswithinthenext20years.

 Oneoftherecommendationswastheholdingofperiodicroadconferences

todiscussaboutroadconstructionanddevelopment.Thispavedtheway

fortheestablishmentofasemi-officialtechnicalbodycalledIndianRoad

Congress(IRC)in1934

 The committee suggested imposition ofadditionaltaxation on motor

transportwhichincludesdutyonmotorspirit,vehicletaxation,licensefees

forvehiclesplyingforhire.Thisledtotheintroductionofadevelopment

fund called Centralroad fund in 1929.This fund was intended for

roaddevelopment.

 The committee suggested imposition ofadditionaltaxation on motor

transportwhichincludesdutyonmotorspirit,vehicletaxation,andlicense

fees forvehicles plying forhire.This led to the introduction ofa

developmentfundcalledCentralroadfundin1929.Thisfundwasintended

forroaddevelopment.

Nagpurroadcongress1943
Atwentyyeardevelopmentprogrammefortheperiod(1943-1963)wasfinalized.Itwasthe

firstattempttoprepareaco-ordinatedroaddevelopmentprogrammeinaplannedmanner.

Theroadsweredividedintofourclasses:

 Nationalhighwayswhichwouldpassthroughstates,andplaceshavingnational

importanceforstrategic,administrativeandotherpurposes.

 Statehighwayswhichwouldbetheothermainroadsofastate.

 Districtroadswhichwouldtaketrafficfrom themainroadstotheinteriorofthe

district.Accordingtotheimportance,someareconsideredasmajordistrict

roadsandtheremainingasotherdistrictroads.

 Villageroadswhichwouldlinkthevillagestotheroadsystem.
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Thecommitteeplannedtoconstruct2lakhkmsofroadacrossthecountrywithin20years.
They
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recommendedtheconstructionofstarandgridpatternofroadsthroughoutthecountry.
Oneoftheobjectivewasthattheroadlengthshouldbeincreasedsoastogivearoad
densityof16kmsper100sq.km

Bombayroadcongress1961

ThelengthofroadsenvisagedundertheNagpurplanwasachievedbytheendofit,but

theroadsystem wasdeficientinmanyrespects.Accordinglya20-yearplanwasdrafted

bytheRoadswingofGovernmentofIndia,whichispopularlyknownastheBombay

plan.Thehighlightsoftheplanwere:

 Itwasthesecond20yearroadplan(1961-1981)

 Thetotalroadlengthtargetedtoconstructwasabout10lakhs.

 Ruralroadsweregivenspecificattention.

 Theysuggestedthatthelengthoftheroadshouldbeincreasedsoastogivea

roaddensityof32kms/100sq.km

 Theconstructionof1600km ofexpresswayswasalsothenincludedintheplan.

Lucknowroadcongress1984

Someofthesalientfeaturesofthisplanareasgivenbelow:

 Thiswasthethird20yearroadplan(1981-2001).ItisalsocalledLucknowroadplan.

 Itaimedatconstructingaroadlengthof12lakhkilometersbytheyear1981

resultinginaroaddensityof82kms/100sq.km

 TheplanhassetthetargetlengthofNHtobecompletedbytheendofseventh,

eighthandninthfiveyearplanperiods.

 Itaimsatimprovingthetransportationfacilitiesinvillages,townsetc.suchthat

nopartofcountryisfartherthan50km fromNH.

 Oneofthegoalscontainedintheplanwasthatexpresswaysshouldbe

constructedonmajortrafficcorridorstoprovidespeedytravel.

 Energyconservation,environmentalqualityofroadsandroadsafetymeasures

werealsogivendueimportanceinthisplan.

2.4CurrentScenario

About60percentoffreightand87percentpassengertrafficiscarriedbyroad.

AlthoughNationalHighwaysconstituteonlyabout2percentoftheroadnetwork,it

carries40percentof
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thetotalroadtraffic.Easyavailability,adaptabilitytoindividualneedsandcostsavings

aresomeofthefactorswhichgoinfavourofroadtransport.Roadtransportalsoacts

asafeederservicetorailway,shippingandairtraffic.Thenumberofvehicleshasbeen

growingatanaveragepaceofaround10percentperannum.Theshareofroadtraffic

intotaltraffichasgrownfrom 13.8percentoffreighttrafficand15.4percentof

passengertrafficin1950-51toanestimated62.9percentoffreighttrafficand90.2per

centofpassengertrafficbytheendof2009-10.Therapidexpansionandstrengthening

oftheroadnetwork,therefore,isimperative,toprovideforbothpresentandfuture

trafficandforimprovedaccessibilitytothehinterland.
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2.1Overview

Lecture3HIGHWAY

PLANNING

Highwaydesignisonlyoneelementintheoverallhighwaydevelopmentprocess.

Historically,detaileddesignoccursinthemiddleoftheprocess,linkingthepreceding

phasesofplanningandprojectdevelopmentwiththesubsequentphasesofright-of-

wayacquisition,construction,andmaintenance.Itisduringthefirstthreestages,

planning,projectdevelopment,anddesign,thatdesignersandcommunities,working

together,canhavethegreatestimpactonthefinaldesignfeaturesoftheproject.Infact,

theflexibilityavailableforhighwaydesignduringthedetaileddesignphaseislimiteda

greatdealbythe decisions made atthe earlierstages ofplanning and project

development.

2.1TheStagesofHighwayDevelopment

Although the names may vary by State,the five basic stages in the highway
developmentprocessare:planning,projectdevelopment(preliminarydesign),final
design,rightofway,and construction.Afterconstruction is completed,ongoing
operationandmaintenanceactivitiescontinuethroughoutthelifeofthefacility.

Fig.3.1ProcessofHighwayPlanning

 Planning

Theinitialdefinitionoftheneedforanyhighwayorbridgeimprovementprojecttakes

placeduringtheplanningstage.Thisproblem definitionoccursattheState,regional,or
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locallevel,dependingonthescaleoftheproposedimprovement.Thisisthekeytimeto

getthepublic
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involvedandprovideinputintothedecisionmakingprocess.Theproblemsidentified

usuallyfallintooneormoreofthefollowingfourcategories:

1.Theexistingphysicalstructureneedsmajorrepair/replacement(structurerepair).

2.Existingorprojectedfuturetraveldemandsexceedavailablecapacity,andaccess

totransportationandmobilityneedtobeincreased(capacity).

3.Therouteisexperiencinganinordinatenumberofsafetyandaccidentproblems

thatcanonlyberesolvedthroughphysical,geometricchanges(safety).

4.Developmentalpressuresalongtheroutemakeareexaminationofthenumber,

location,andphysicaldesignofaccesspointsnecessary(access).

 FactorstoConsiderDuringPlanning

Itisimportanttolookaheadduringtheplanningstageandconsiderthepotential
impactthataproposedfacilityorimprovementmayhavewhiletheprojectisstillinthe
conceptualphase.Duringplanning,keydecisionsaremadethatwillaffectandlimitthe
designoptionsinsubsequentphases.

Fig.3.2Factorstoconsiderinplanning.

 ProjectDevelopment

Afteraprojecthasbeenplannedandprogrammedforimplementation,itmovesintothe
projectdevelopmentphase.Atthisstage,theenvironmentalanalysisintensifies.Thelevel
ofenvironmentalreviewvarieswidely,dependingonthescaleandimpactoftheproject.It
can range from a multiyeareffortto prepare an EnvironmentalImpactStatement(a
comprehensivedocumentthatanalyzesthepotentialimpactofproposedalternatives)toa
modestenvironmentalreview completedinamatterofweeks.Regardlessofthelevelof
detailorduration,theproductoftheprojectdevelopmentprocessgenerallyincludesa
descriptionofthelocationandmajordesignfeaturesoftherecommended
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projectthatistobefurtherdesignedandconstructed,whilecontinuallytryingtoavoid,
minimize,andmitigateenvironmentalimpact.

 FinalDesign

Afterapreferredalternativehasbeenselectedandtheprojectdescriptionagreed
uponasstatedintheenvironmentaldocument,aprojectcanmoveintothefinal
designstage.Theproductofthisstageisacompletesetofplans,specifications,and
estimates(PS&Es)ofrequiredquantitiesofmaterialsreadyforthesolicitationof
construction bids and subsequentconstruction.Depending on the scale and
complexityoftheproject,thefinaldesignprocessmaytakefrom afew monthsto
severalyears.

Thefollowingparagraphsdiscusssomeimportantconsiderationsofdesign,including:

• Developingaconcept
• Consideringscaleand
• Detailingthedesign.

 DevelopingaConcept

Adesignconceptgivestheprojectafocusandhelpstomoveittowardaspecific
direction.Therearemanyelementsinahighway,andeachinvolvesanumberof
separatebutinterrelateddesigndecisions.Integratingalltheseelementstoachievea
commongoalorconcepthelpsthedesignerinmakingdesigndecisions.

Someofthemanyelementsofhighwaydesignare

a.Numberandwidthoftravellanes,mediantypeandwidth,andshoulders
b.Trafficbarriers
c.Overpasses/bridges
d.Horizontalandverticalalignmentandaffiliatedlandscape.

 ConsideringScale

Peopledrivinginacarseetheworldatamuchdifferentscalethanpeoplewalking
onthestreet.Thislargediscrepancyinthedesignscaleforacarversusthedesign
scaleforpeoplehaschangedtheoverallplanningofourcommunities.Forexample,
ithasbecomecommoninmanysuburbancommercialareasthatashoppermust
getinthecaranddrivefrom onestoretothenext.

Thedesignelementwiththegreatesteffectonthescaleoftheroadwayisitswidth,

orcrosssection.Thecrosssectioncanincludeaclearzone,shoulder,parking

lanes,travellanes,and/ormedian.Thewidertheoverallroadway,thelargerits

scale;however,therearesomedesigntechniquesthatcanhelptoreducethe

perceivedwidthand,thus,theperceivedscaleoftheroadway.Limitingthewidthof

pavementorbreakingupthepavementisoneoption.
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Insomeinstances,fourlaneroadwaysmaylooklessimposingbydesigninga

grassorplantedmedianinthecenter.

 DetailingtheDesign

Particularlyduringthefinaldesignphase,itisthedetailsassociatedwiththe
projectthatareimportant.Employingamultidisciplinarydesignteam ensuresthat
importantdesign details are considered and those theyare compatible with
communityvalues.Oftenitisthedetailsoftheprojectthataremostrecognizable
to the public.A multidisciplinarydesign team can produce an aesthetic and
functionalproductwhenthemembersworktogetherandareflexibleinapplying
guidelines.

 Right-of-way,Construction,AndMaintenance
Oncethefinaldesignshavebeenpreparedandneededright-of-wayispurchased,
construction bid packages are made available,a contractoris selected,and
constructionisinitiated.Duringtheright-of-wayacquisitionandconstructionstages,
minoradjustmentsinthedesignmaybenecessary;therefore,thereshouldbe
continuousinvolvementofthedesignteam throughoutthesestages.Construction
maybesimpleorcomplexandmayrequireafew monthstoseveralyears.Once
constructionhasbeencompleted,thefacilityisreadytobeginitsnormalsequence
ofoperationsandmaintenance.

Evenafterthecompletionofconstruction,thecharacterofaroadcanbechangedby
inappropriatemaintenanceactions.Forexample,thereplacementofsectionsof
guardraildamaged ordestroyed in crashes commonly utilizes whateverspare
guardrailsectionsmaybeavailabletothelocalhighwaymaintenancepersonnelat
thetime.

 StagesofHighwayDevelopment

Summariesofthefivebasicstagesinhighwayplanninganddevelopment.

Stages DescriptionofActivity
Planning Identificationoftransportationneedsandprogram projecttobe

built
Withinfinancialconstraints.

Project
Development

Thetransportationprojectismoreclearlydefined.Alternative
locations
anddesignfeaturesaredevelopedandanalternativeisselected.

Design Thedesignteam developsdetaileddesignandspecification.
Right-of-way Landneededfortheprojectisacquired.
construction Selectionofcontractor,whothenbuildstheproject.

2.3HighwayRouteSurveysandLocation

Todeterminethegeometricfeaturesofroaddesign,thefollowingsurveysmust
beconductedafterthenecessityoftheroadisdecided.
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AvarietyofsurveyandinvestigationshavetobecarriedoutbyRoadengineersand
multidisciplinepersons.
A.TransportPlanningSurveys

o TrafficSurveys

o Highwayinventories

o PavementDeteriorationStudy

o Accidentstudy

B.AlignmentandRoutelocationsurveys
 Deskstudy

 Reconnaissance

 PreliminarySurvey

 Finallocationsurvey

C.DrainageStudie
s

D.SoilSurvey

o Surfacerun-off:Hydrologicandhydraulic

o Subsurfacedrainage:Groundwater&Seepage

o Cross–drainage:Locationandwaterwayarearequired

forthecross-drainagestructures.

 Deskstudy
 SiteReconnaissance

E.PavementDesigninvestigationSoilpropertyandstrength,MaterialSurvey
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Lecture4INTRODUCTION

TOGEOMETRICDESIGN

4.1.Overview
Geometricdesignfortransportationfacilitiesincludesthedesignofgeometriccross

sections,horizontalalignment,verticalalignment,intersections,andvariousdesign

details.Thesebasicelementsarecommontoalllinearfacilities,suchasroadways,

railways,andairportrunwaysandtaxiways.Althoughthedetailsofdesignstandards

varywiththemodeandtheclassoffacility,mostoftheissuesinvolvedingeometric

designaresimilarforallmodes.Inallcases,thegoalsofgeometricdesignareto

maximizethecomfort,safety,andeconomyoffacilities,whileminimizingtheirenviron-

mentalimpacts.Thischapterfocusesonthefundamentalsofgeometricdesign,and

presentsstandardsandexamplesfrom differentmodes.

Thegeometricdesignofhighwaysdealswiththedimensionsandlayoutofvisible

featuresofthe highway.The featuresnormallyconsidered are the crosssection

elements,sightdistanceconsideration,horizontalcurvature,gradients,andintersection.

Thedesignofthesefeaturesistoagreatextendinfluencedbydriverbehaviorand

psychology,vehiclecharacteristics,trafficcharacteristicssuchasspeedandvolume.

Propergeometricdesignwillhelpinthereductionofaccidentsandtheirseverity.

Therefore,theobjectiveofgeometricdesignistoprovideoptimum efficiencyintraffic

operationandmaximum safetyatreasonablecost.

Theplanningcannotbedonestagewiselikethatofapavement,buthastobedonewell

inadvance.Themaincomponentsthatwillbediscussedare:

1.Factorsaffectingthegeometricdesign,

2.Highwayalignment,roadclassification,

3.Pavementsurfacecharacteristics,

4.Cross-sectionelementsincludingcrossslope,variouswidthsofroadsand

featuresintheroadmargins.

5.Sightdistanceelementsincludingcrossslope,variouswidthsandfeaturesinthe

roadmargins.

6.Horizontalalignmentwhichincludesfeatureslikesuperelevation,transitioncurve,

extrawideningandsetbackdistance.

7.Verticalalignmentanditscomponentslikegradient,sightdistanceanddesignof

lengthofcurves.

8.Intersectionfeatureslikelayout,capacity,etc.
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4.2Factorsaffectinggeometricdesign

 Designspeed:Designspeedisthesinglemostimportantfactorthataffectsthe

geometricdesign.Itdirectlyaffectsthesightdistance,horizontalcurve,andthe

lengthofverticalcurves.Sincethespeedofvehiclesvarywithdriver,terrainetc,

adesignspeedisadoptedforallthegeometricdesign.

 Topography:Itiseasiertoconstructroadswithrequiredstandardsforaplain

terrain.However,foragivendesignspeed,theconstructioncostincreases

multiform withthegradientandtheterrain.

 Trafficfactors:Itisofcrucialimportanceinhighwaydesign,isthetrafficdata

bothcurrentandfutureestimates.Trafficvolumeindicatesthelevelofservices

(LOS)forwhichthehighwayisbeingplannedanddirectlyaffectsthegeometric

featuressuchaswidth,alignment,gradesetc.,withouttrafficdataitisvery

difficulttodesignanyhighway

 DesignHourlyVolumeandCapacity:Thegeneralunitformeasuringtrafficon

highwayistheAnnualAverageDailyTrafficvolume,abbreviatedasAADT.The

trafficflow(or)volumekeepsfluctuatingwithtime,from alowvalueduringoff

peakhourstothehighestvalueduringthepeakhour.Itwillbeuneconomicalto

designtheroadwayfacilitiesforthepeaktrafficflow.

 Environmentalandotherfactors:-Theenvironmentalfactorslikeairpollution,

noisepollution,landscaping,aestheticsandotherglobalconditionsshouldbe

givendueconsiderationsinthegeometricdesignofroads.

4.3Roadclassification

Theroadscanbeclassifiedinmanyways.Theclassificationbasedonspeedand

accessibilityisthemostgenericone.Notethatastheaccessibilityofroadincreases,

thespeedreduces.(See Fig.4.1).Accordingly,theroadscanclassifiedasfollowsin

theorderofincreasedaccessibilityandreducedspeeds.

 Freeways:Freewaysareaccesscontrolleddividedhighways.Mostfreewaysare

fourlanes,twolaneseachdirection,butmanyfreewayswidentoincorporate

morelanesastheyenterurbanareas.Accessiscontrolledthroughtheuseof

interchanges,andthetype
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ofinterchangedependsuponthekindofintersectingroadway(ruralroads,

anotherfreewayetc.)

 Expressways:Theyaresuperiortypeofhighwaysandaredesignedforhigh

speeds(120 km/hris common),high traffic volume and safety.They are

generallyprovidedwithgradeseparationsatintersections.Parking,loadingand

unloadingofgoodsandpedestriantrafficisnotallowedonexpressways.

 Highways:Theyrepresentthesuperiortypeofroadsinthecountry.Highwaysare

oftwotypes-ruralhighwaysandurbanhighways.Ruralhighwaysarethose

passingthroughruralareas(villages)andurbanhighwaysarethosepassing

throughlargecitiesandtowns,i.e.urbanareas.

 Arterials:Itisageneralterm denotingastreetprimarilymeantforthroughtraffic

usuallyonacontinuousroute.Theyaregenerallydividedhighwayswithfullyor

partiallycontrolledaccess.Parking,loadingandunloadingactivitiesareusually

restricted and regulated. Pedestrians are allowed to cross only at

intersections/designatedpedestriancrossings.

 Localstreets:Alocalstreetistheonewhichisprimarilyintendedforaccessto

residence,businessorabuttingproperty.Itdoesnotnormallycarrylargevolume

oftrafficandalsoitallowsunrestrictedparkingandpedestrianmovements.

 Collectors streets:These are streets intended forcollecting and distributing

traffictoandfrom localstreetsandalsoforprovidingaccesstoarterialstreets.

Normally fullaccess is provided on these streets.There are few parking

restrictionsexceptduringpeakhours.

Fig.4.1.Speedvsaccessibility
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Roadscanbeclassifiedbasedonsomeothercriteria.Theyaregivenindetailbelow.

Basedonusage

Thisclassifiedisbasedonwhethertheroadscanbeusedduringdierentseasonsofthe
year.

 All-weatherroads:Thoseroadswhicharenegotiableduringallweathers,

exceptatmajorrivercrossingswhereinterruptionoftracispermissibleup

toacertainextentarecalledallweatherroads.

 Fair-weatherroads:Roadswhicharenegotiableonlyduringfairweatherare
calledfairweatherroads.

Basedoncarriageway

Thisclassificationisbasedonthetypeofthecarriagewayortheroadpavement.

 Pavedroadswithhardsurface:Iftheyareprovidedwithahardpavement

course such roads are called paved roads.(eg:stones,Waterbound

macadam (WBM),Bituminousmacadam (BM),concreteroads)

 Unpavedroads:Roadswhicharenotprovidedwithahardcourseofatleast

aWBM layertheyiscalledunpavedroads.Thusearthandgravelroads

comeunderthiscategory.

Basedonpavementsurface

Basedonthetypeofpavementsurfacingprovided,theyareclassifiedassurfaced
andunsurfacedroads.

 Surfacedroads(BM,concrete):Roadswhichareprovidedwithabituminous

orcementconcretingsurfacearecalledsurfacedroads.

 Unsurfaced roads (soil/gravel):Roads which are notprovided with a

bituminousorcementconcretingsurfacearecalledunsurfacedroads.

Othercriteria

Roadsmayalsobeclassifiedbasedonthetrafficvolumeinthatroad,loadtransported

throughthatroad,orlocationandfunctionofthatroad.

 Trafficvolume:Basedonthetrafficvolume,theyareclassifiedasheavy,

medium andlighttracroads.Thesetermsarerelativeandsothelimits

undereachclassmaybeexpressedasvehiclesperday.

 Loadtransported:Basedontheloadcarriedbytheseroads,theycanbe

classifiedasclassI,classII,etc.orclassA,classBetc.andthelimitsmay

beexpressedastonnesperday.
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 Locationandfunction:Theclassificationbasedonlocationandfunction

shouldbeamoreacceptableclassificationsincetheymaybedefinedclearly.

4.3Highwayalignment
Oncethenecessityofthehighwayisassessed,thenextprocessisdecidingthealignment.Thehighway

alignmentcanbeeitherhorizontalorverticalandtheyaredescribedindetailinthe
followingsections.

4.3.1Alignment
Thepositionorthelayoutofthecentrallineofthehighwayonthegroundiscalledthe

alignment.Horizontalalignmentincludesstraightandcurvedpaths.Verticalalignment

includeslevelandgradients.Alignmentdecisionisimportantbecauseabadalignment

willenhance the construction,maintenance and vehicle operating cost.Once an

alignmentisxedandconstructed,itisnoteasytochangeitduetoincreaseincostof

adjoininglandandconstructionofcostlystructuresbytheroadside.

4.3.2Requirements
Therequirementsofanidealalignmentare:

 Thealignmentbetweentwoterminalstationsshouldbeshortandasfaras

possiblebestraight,butduetosomepracticalconsiderationsdeviationsmay

beneeded.

 Thealignmentshouldbeeasytoconstructandmaintain.Itshouldbeeasyfor

theoperationofvehicles.Sotothemaximum extendeasygradientsandcurves

shouldbeprovided.

 Itshould be safe both from the construction and operating pointofview

especially at slopes, embankments, and cutting. It should have safe

geometricfeatures.

 Thealignmentshouldbeeconomicalanditcanbeconsideredsoonlywhenthe

initialcost,maintenancecost,andoperatingcostisminimum.

4.3.3.Factorscontrollingalignment

Wehaveseentherequirementsofanalignment.Butitisnotalwayspossibletosatisfyall

theserequirements.Hencewehavetomakeajudicialchoiceconsideringallthefactors.

Thevariousfactorsthatcontrolthealignmentareasfollows:

 Obligatorypoints:These are the controlpoints governing the highway

alignment.Thesepointsareclassifiedintotwocategories.Pointsthrough

whichitshouldpassandpointsthroughwhichitshouldnotpass.Someof

theexamplesare:

 Bridgesite:Thebridgecanbelocatedonlywheretheriverhasstraightand

permanentpathandalsowheretheabutmentandpiercanbestrongly

founded.Theroadapproachtothebridgeshouldnotbecurvedandskew
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crossingshouldbeavoidedaspossible.Thustolocateabridgethehighway

alignmentmaybechanged.
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 Mountain:Whilethealignmentpassesthroughamountain,thevarious

alternativesaretoeitherconstructatunnelortogoroundthehills.The

suitability ofthe alternative depends on factors like topography,site

conditionsandconstructionandoperationcost.

 Intermediatetown:Thealignmentmaybeslightlydeviatedtoconnectan

intermediatetownorvillagenearby.

Theseweresomeoftheobligatorypointsthroughwhichthealignmentshouldpass.

Comingtothesecondcategorythatisthepointsthroughwhichthealignmentshould

notpassare:

 Religiousplaces:Thesehavebeenprotectedbythelawfrom beingacquiredfor

anypurpose.Therefore,thesepointsshouldbeavoidedwhilealigning.

 Verycostlystructures:Acquiringsuchstructuresmeansheavycompensation

which would resultinan increaseininitialcost.So thealignmentmaybe

deviatednottopassthroughthatpoint.

 Lakes/pondsetc:Thepresenceofalakeorpondonthealignmentpathwould

alsonecessitatedeviationofthealignment.

 Traffic:Thealignmentshouldsuitthetrafficrequirements.Basedontheorigin-

destinationdataofthearea,thedesirelinesshouldbedrawn.Thenewalignment

shouldbedrawnkeepinginviewthedesirelines,trafficflowpatternetc.

 Geometricdesign:Geometricdesignfactorssuchasgradient,radiusofcurve,

sightdistanceetc.alsogovernsthealignmentofthehighway.Tokeeptheradius

ofcurveminimum,itmayberequiredtochangethealignmentofthehighway.

Thealignmentsshouldbefinalizedsuchthattheobstructionstovisibilitydonot

restricttheminimum requirementsofsightdistance.Thedesignstandardsvary

with theclassofroad and theterrain and accordinglythehighwayshould

bealigned.
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5.1Overview

Lecture5

Crosssectional
elements

Theprimaryconsiderationinthedesignofgeometriccrosssectionsforhighways,run-ways,and

taxiwaysisdrainage.DetailsvarydependingonthetypeoffacilityHighwaycrosssectionsconsistof

traveledway,shoulders(orparkinglanes),anddrainagechannels.Shouldersareintendedprimarilyasa

safetyfeature.Theyprovideforaccommodationofstoppedvehicles,emergencyuse,andlateralsupport

ofthepavement.Shouldersmaybeeitherpavedorunpaved.Drainagechannelsmayconsistofditches

(usuallygrassedswales)orofpavedshoulderswithbermsorcurbsandgut-ters.Crosssectionofvarious

roadsaregivenbellow.

Fig.5.1.Two-lanehighwaycrosssection,withditches.

Fig.5.2.Dividedhighwaycrosssection,depressedmedian,withditches.

Pavementsurfacecharacteristics

Forasafeandcomfortabledrivingfouraspectsofthepavementsurfaceareimportant;

thefrictionbetweenthewheelsandthepavementsurface,smoothnessoftheroad

surface,thelightreectioncharacteristicsofthetopofpavementsurface,anddrainage

towater.
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Friction

Frictionbetweenthewheelandthepavementsurfaceisacrucialfactorinthedesignof

horizontalcurves and thus the safe operating speed.Further,italso a ectthe

accelerationanddecelerationabilityofvehicles.Lackofadequatefrictioncancause

skiddingorslippingofvehicles.

Skiddinghappenswhenthepathtraveledalongtheroadsurfaceismorethanthe

circumferentialmovementofthewheelsduetofriction

Slipoccurswhenthewheelrevolvesmorethanthecorrespondinglongitudinal

movementalongtheroad.Variousfactorsthataectfrictionare:

Thefrictionalforcethatdevelopsbetweenthewheelandthepavementistheload

actingmultipliedbyafactorcalledthecoecientoffrictionanddenotedasf.The

choiceofthevalueoffisaverycomplicatedissuesinceitdependsonmanyvariables.

IRCsuggeststhecoecientoflongitudinalfrictionas0.35-0.4dependingon

thespeedandcoecientoflaterfrictionas0.15.Theformerisusefulinsightdistance

calculationandthelatterinhorizontalcurvedesign.

Unevenness

Itisalwaysdesirabletohaveanevensurface,butitisseldom possibletohavesuch

one.Evenifaroadisconstructedwithhighqualitypavers,itispossibletodevelop

unevennessduetopavementfailures.Unevennessaectthevehicleoperatingcost,

speed,ridingcomfort,safety,fuelconsumptionandwearandtearoftyres.

Unevennessindexisameasureofunevennesswhichisthecumulativemeasureof

verticalundulationofthepavementsurfacerecordedperunithorizontallengthofthe

road.Anunevennessindexvaluelessthan1500mm/km isconsideredasgood,avalue

lessthan2500mm.km issatisfactoryuptospeedof100kmphandvaluesgreaterthan

3200mm/km isconsideredasuncomfortableevenfor55kmph.

Lightrefleection

Drainage

Thepavementsurfaceshouldbeabsolutelyimpermeabletopreventseepageofwater

intothepavementlayers.Further,boththegeometryandtextureofpavementsurface

shouldhelpindrainingoutthewaterfrom thesurfaceinlesstime.
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Camber

Camberorcantisthecrossslopeprovidedtoraisemiddleoftheroadsurfaceinthe

transversedirectiontodrainorainwaterfrom roadsurface.

Toosteepslopeisundesirableforitwillerodethesurface.Camberismeasuredin1in

norn%(Eg.1in50or2%)andthevaluedependsonthetypeofpavementsurface.

Widthofcarriageway

Widthofthecarriagewayorthewidthofthepavementdependsonthewidthofthe

trafficlaneandnumberoflanes.Widthofatrafficlanedependsonthewidthofthe

vehicleandtheclearance.Sideclearanceimprovesoperatingspeedandsafety.

Kerbs
Kerbsindicatetheboundarybetweenthecarriagewayandtheshoulderorislandsor

footpaths.Dierenttypesofkerbsare(Figure12:3):

 Lowormountablekerbs:

 Semi-barriertypekerbs:

 Barriertypekerbs:

Roadmargins
Theportionoftheroadbeyondthecarriagewayandontheroadwaycanbegenerallycalled

roadmargin.Variouselementsthatform theroadmarginsaregivenbelow.

 Shoulders

 Parkinglanes

 Bus-bays

 Serviceroads

 Cycletrack

 Footpath

 Guardrails
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Overview

Lecture

6Sight

distance

SightDistanceisalengthofroadsurfacewhichaparticulardrivercanseewithan

acceptablelevelofclarity.Sightdistanceplaysanimportantroleingeometrichighway

designbecauseitestablishesanacceptabledesignspeed,basedonadriver'sabilityto

visuallyidentifyandstopforaparticular,unforeseenroadwayhazardorpassaslower

vehiclewithoutbeinginconflictwithopposingtraffic.Asvelocitiesonaroadwayare

increased,thedesignmustbecatered toallowingadditionalviewingdistancestoallow

foradequatetimetostop.

Typesofsightdistance
o Stoppingsightdistance(SSD)ortheabsoluteminimum sightdistance

o Intermediatesightdistance(ISD)isthedenedastwiceSSD

o Overtakingsightdistance(OSD)forsafeovertakingoperation

Thecomputationofsightdistancedependson:
1.Reactiontimeofthedriver
2.Speedofthevehicle
3.Efficiencyofbrakes

PIEVProcess
The perception-reaction time fora driveris often broken down into the four
componentsthat areassumedtomakeuptheperceptionreactiontime.Theseare
referredtoasthePIEVtimeorprocess.

PIEVProcess

•Perception thetimetoseeordiscernanobjectorevent

•Intellection thetimetounderstandtheimplicationsofthe
object’s
presenceorevent

•Emotion thetimetodecidehowtoreact

•Volition thetimetoinitiatetheaction,forexample,thetime
to
engagethebrakes

Stoppingsightdistance
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Stoppingsightdistanceisdefinedasthedistanceneededfordriverstoseeanobject
ontheroadwayaheadandbringtheirvehiclestosafestopbeforecollidingwiththe
object.The
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distancesarederived forvariousdesignspeedsbased onassumptionsfordriver
reactiontime,thebrakingabilityofmostvehiclesunderwetpavementconditions,and
thefrictionprovidedbymostpavementsurfaces,assuminggoodtires.A roadway
designedtocriteriaemploysahorizontalandverticalalignmentandacrosssectionthat
providesatleasttheminimum stoppingsightdistancethroughtheentirefacility.

Thestoppingsightdistanceiscomprisedofthedistancetoperceiveandreacttoa

conditionplusthedistancetostop:

V2

SSD=0.278Vt+ (METRIC)
254(f

±g)

V2

SSD=1.47Vt+ (ENGLISH)
30(f

±g)

whereSSD = requiredstoppingsightdistance,m orft.
V = speed,kphor

m
ph

t = perception-reactiontime,sec.,typically2.5sec.for
design

f =coefficientoffriction,typicallyforapoor,
wetpavementg =grade,decimal.

Overtakingsightdistance
Theovertakingsightdistanceistheminimum distanceopentothevisionofthedriver

ofavehicleintendingtoovertaketheslowvehicleaheadsafelyagainstthetrafficinthe

oppositedirection.Theovertakingsightdistanceorpassingsightdistanceismeasured

alongthecenterlineoftheroadoverwhichadriverwithhiseyelevel1.2m abovethe

roadsurfacecanseethetopofanobject1.2m abovetheroadsurface.

ThefactorsthataffecttheOSDare:

 Velocitiesoftheovertakingvehicle,overtakenvehicleandofthevehiclecoming

intheoppositedirection.

 Spacingbetweenvehicles,whichin-turndependsonthespeed

 Skillandreactiontimeofthedriver

 Rateofaccelerationofovertakingvehicle
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Overview

Lecture7Horizontal

alignmentI

Horizontalalignmentisoneofthemostimportantfeaturesinfluencingtheefficiency

andsafetyofahighway.Horizontalalignmentdesigninvolvestheunderstandingonthe

designaspectssuchasdesignspeedandtheeffectofhorizontalcurveonthevehicles.

Thehorizontalcurvedesignelementsincludedesignofsuperelevation,extrawidening

athorizontalcurves,designoftransitioncurve,andsetbackdistance.

DesignSpeed
Thedesignspeedasnotedearlier,isthesinglemostimportantfactorinthedesignof

horizontalalignment.Thedesignspeedalsodependsonthetypeoftheroad.Fore.g,

thedesignspeedexpectedfrom aNationalhighwaywillbemuchhigherthanavillage

road,andhencethecurvegeometrywillvarysignificantly.

FactorsAffectingAlignment
I. Safety

II. Grades
III. Designspeed
IV. Costofresumptionofland
V. Constructioncosts

Operatingspeedisinfluencedbyallotherfactorssoitisthecriticalfactortoconsider.

Horizontalcurve
Thepresenceofhorizontalcurveimpartscentrifugalforcewhichisreactiveforceacting

outwardonavehiclenegotiatingit.Centrifugalforcedependsonspeedandradiusof

thehorizontalcurveandiscounteractedtoacertainextentbytransversefriction

betweenthetyreandpavementsurface.Onacurvedroad,thisforcetendstocausethe

vehicletooverrunortoslideoutwardfrom thecentreofroadcurvature.Forproper

designofthecurve,anunderstanding oftheforcesacting onavehicletaking a

horizontalcurveisnecessary.

Fig.7.1.Effectofhorizontalcurve
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Fig.7.2Analysisofsuperelevation

Pthecentrifugalforceactinghorizontallyout-wardsthroughthecenterofgravity,W the

weightofthevehicleactingdown-wardsthroughthecenterofgravity,andmFthe

frictionforcebetweenthewheelsandthepavement,alongthesurfaceinward.At

equilibrium,byresolvingtheforcesparalleltothesurfaceofthepavementweget,

Pcos =W sin+FA+FB

= W sin+f(RA+RB)

= W sin+f(W cos+Psin)
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Lecture

8Horizontalalignment

II

Overview
Thissectiondiscussesthedesignofsuperelevationandhowitisattained.Abrief

discussionaboutpavementwideningatcurvesisalsogiven.

Whenbeingappliedtotheroadneedtotakeintoaccount
•Safety
•Comfort
•Appearance
•Designspeed
•Tendencyforslowvehiclestotracktowardscentre
•Differencebetweeninnerandouterformationlevels
•Stabilityofhighladenvehicles
•Lengthofroadtointroducesuperelevation
•Provisionfordrainage

Designofsuper-elevation
For fast moving vehicles,providing higher superelevation without considering

coefficientoffrictionissafe,i.e.centrifugalforceisfullycounteractedbytheweightof

thevehicleorsuperelevation.Forslowmovingvehicles,providinglowersuperelevation

considering coefficientoffriction is safe,i.e.centrifugalforce is counteracted by

superelevationandcoefficientoffriction.

Maximum Superelevation
•Maxrangefrom flattomountainousof0.06–0.12respectivelybutmost
authoritieslimitto0.10
•Inurbanareaslimitmaxvaluesto0.04-0.05MinimumSuperelevation
•Shouldbeelevatedtoatleastthecross-fallonstraightsie3%(0.03)

Attainmentofsuper-elevation
1.Eliminationofthecrownofthecambered

sectionby:rotatingtheouteredgeabout

thecrownshiftingthepositionof

thecrown:

2.Rotationofthepavementcrosssectiontoattainfullsuperelevationby:Therearetwo

methodsofattainingsuperelevationbyrotatingthepavement

rotationaboutthecenterline:

rotationabouttheinneredge:
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RadiusofHorizontalCurve
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Theradiusofthehorizontalcurveisanimportantdesignaspectofthegeometric

design.Themaximum comfortablespeedonahorizontalcurvedependsontheradius

ofthecurve.Althoughitispossibletodesignthecurvewithmaximum superelevation

andcoecientoffriction,itisnotdesirablebecausere-alignmentwouldberequiredif

thedesignspeedisincreasedinfuture.Therefore,arulingminimum radiusRrulingcanbe

derivedbyassumingmaximum superelevationandcoecientoffriction.

v2

Rruling= g(e+f
)

Ideally,theradiusofthecurveshouldbehigherthanRruling.However,verylargecurves

arealsonotdesirable.Settingoutlargecurvesinthefieldbecomesdifficult.Inaddition,

italsoenhancesdrivingstrain.

Extrawidening

Extrawideningreferstotheadditionalwidthofcarriagewaythatisrequiredonacurved

sectionofaroadoverandabovethatrequiredonastraightalignment.Thiswideningis

doneduetotworeasons:

Mechanicalwidening

Thereasonsforthemechanicalwideningare:Whenavehiclenegotiatesahorizontal

curve,therearwheelsfollowapathofshorterradiusthanthefrontwheels

Psychologicalwidening

Wideningofpavementshastobedoneforsomepsychologicalreasonsalso.Thereisa

tendencyforthedriverstodriveclosetotheedgesofthepavementoncurves.Some

extraspaceistobeprovidedformoreclearanceforthecrossingandovertaking

operationsoncurves.IRCproposedanempiricalrelationforthepsychological
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Lecture9

HorizontalalignmentIII

Inthissectionwewilldealwiththedesignoftransitioncurvesandsetbackdistances.

Transition curveensuresa smooth changefrom straightroad to circularcurves.

Setbackdistancelooksinforsafetyatcircularcurvestakingintoconsiderationthe

sightdistanceaspects.

HorizontalTransitionCurves

Atransitioncurvediffersfrom acircularcurveinthatitsradiusisalwayschanging.As

onewouldexpect,suchcurvesinvolvemorecomplexformulaethanthecurveswitha

constantradiusandtheirdesignismorecomplex.

TheneedforTransitionCurves

Circularcurvesarelimitedinroaddesignsduetotheforceswhichactonavehicleas

theytravelaround a bend.Transition curvesare used to introduce those forces

graduallyanduniformlythusensuringthesafetyofpassenger.

Transitioncurveshavemuchmorecomplexformulaeandaremoredifficulttosetout

onsitethancircularcurvesasaresultofthevaryingradius.

tointroducegraduallythecentrifugalforcebetweenthetangentpointandthe

beginningofthecircularcurve,avoidingsuddenjerkonthevehicle.Thisincreases

thecomfortofpassengers.

toenablethedriverturnthesteeringgraduallyforhisowncomfortandsecurity,

toprovidegradualintroductionofsuperelevation,and

toprovidegradualintroductionofextrawidening.

toenhancetheaestheticappearanceoftheroad.

TheuseofTransitionCurves

Transitioncurvescanbeusedtojointostraightsinoneoftwoways:

-Compositecurves

-Whollytransitionalcurves
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TypesofTransitionCurve

Therearetwotypesofcurvedusedtoform thetransitionalsectionofacompositeor

whollytransitionalcurve.Theseare:

-Theclothoid

-Thecubicparabola.

Lengthoftransitioncurve

Thelengthofthetransitioncurveshouldbedeterminedasthemaximum ofthe

followingthreecriteria:rateofchangeofcentrifugalacceleration,rateofchangeof

superelevation,andanempiricalformulagivenbyIRC.

1.Rateofchangeofcentrifugalacceleration

2.Rateofintroductionofsuper-elevation

3.Byempiricalformula

SetbackDistance

Setbackdistance m orthe clearance distance isthe distance required from the

centerlineofahorizontalcurvetoanobstructionontheinnersideofthecurveto

provideadequatesightdistanceatahorizontalcurve.Thesetbackdistancedependson:

1.sightdistance(OSD,ISDandOSD),

2.radiusofthecurve,and

3.lengthofthecurve.

CurveResistance

Whenthevehiclenegotiatesahorizontalcurve,thedirectionofrotationofthefrontand

therearwheelsaredifferent.Thefrontwheelsareturnedtomovethevehiclealongthe

curve,whereastherearwheelsseldom turn.
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cture10Vertical

alignment-I

Theverticalalignmentofatransportationfacilityconsistsoftangentgrades(straight

linesintheverticalplane)andverticalcurves.Verticalalignmentisdocumentedbythe

profile.Justasacircularcurveisusedtoconnecthorizontalstraightstretchesofroad,

verticalcurvesconnecttwogradients.Whenthesetwocurvesmeet,theyform either

convexorconcave.Theformeriscalledasummitcurve,whilethelatteriscalledavalley

curve.

Gradient
Gradientistherateofriseorfallalongthelengthoftheroadwithrespecttothe

horizontal.Whilealigningahighway,thegradientisdecideddesigningtheverticalcurve.

Beforenalizingthegradients,theconstructioncost,vehicularoperationcostandthe

practicalproblemsinthesitealsohastobeconsidered.Usuallysteepgradientsare

avoidedasfaraspossiblebecauseofthedifficultyto climbandincreaseinthe

constructioncost.Moreaboutgradientsarediscussedbelow.

Effectofgradient
Theeffectoflongsteepgradientonthevehicularspeedisconsiderable.Thisis

particularlyimportantinroadswheretheproportionofheavyvehiclesissignificant.Due

torestrictivesightdistanceatuphillgradientsthespeedoftrafficisoftencontrolledby

theseheavyvehicles.Asaresult,notonlytheoperatingcostsofthevehiclesare

increased,butalsocapacityoftheroadswillhavetobereduced.Further,duetohigh

differentialspeedbetweenheavyandlightvehicles,andbetweenuphillanddownhill

gradients,accidentsaboundingradients.

Representationofgradient
Thepositivegradientortheascendinggradientisdenotedas+nandthenegative

gradientasn.ThedeviationangleNis:whentwogradesmeet,theanglewhich

measuresthechangeofdirectionandisgivenbythealgebraicdifferencebetweenthe

twogrades(n1(n2))=n1+n2=1+

2.Example:1in30=3.33%2oisasteepgradient,while1in50=2%1o100isflattergradient.
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Representationofgradient

IRCSpecificationsforgradientsfordifferentroads
Terrain Ruling Limiting

s
Exceptiona

l

Plain/Rollin
g

3.3 5.0 6.7

Hilly 5.0 6.0 7.0

Steep 6.0 7.0 8.0

Typesofgradient
Manystudieshaveshownthatgradientuptosevenpercentcanhaveconsiderable

effectonthespeedsofthepassengercars.Onthecontrary,thespeedsoftheheavy

vehiclesareconsiderablyreducedwhenlonggradientsasatastwopercentisadopted.

Although,attergradientsaredesirable,itisevidentthatthecostofconstructionwill

alsobeveryhigh.

Rulinggradient
 Limitinggradient
 Exceptionalgradient
 Criticallengthofthegrade
 Minimumgradient
 Summitcurve

Summitcurves

Summitcurvesareverticalcurveswithgradientupwards.Theyareformedwhentwo

gradientsmeet.

1.whenapositivegradientmeetsanotherpositivegradient
2.whenpositivegradientmeetsaatgradient.
3.whenanascendinggradientmeetsadescendinggradient.
4.whenadescendinggradientmeetsanotherdescendinggradient.
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Lecture11Vertical

alignment-II

ValleycurveValleycurveorsagcurvesareverticalcurveswithconvexitydownwards.They

areformedwhentwogradientsmeetinanyofthefollowingfourways:

1.Whenadescendinggradientmeetsanotherdescendinggradient.

2.Whenadescendinggradientmeetsaflatgradient.

3.Whenadescendinggradientmeetsanascendinggradient.

4.Whenanascendinggradientmeetsanotherascendinggradient.

Designconsiderations

Thusthemostimportantdesignfactorsconsideredinvalleycurvesare:

(1)impact-freemovementofvehiclesatdesignspeedand

(2)Availabilityofstoppingsightdistanceunderheadlightofvehiclesfornightdriving.

Fig.11.1Typesofvalleycurve
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Lengthofthevalleycurve

Thevalleycurveismadefullytransitionalbyprovidingtwosimilartransitioncurvesof

equallengthThe2N3Thelengthofthevalleytransitioncurvetransitionalcurveisset

outbyacubicparabolay=bxwhereb=23Lisdesignedbasedontwocriteria:

1.Comfortcriteria;thatisallowablerateofchangeofcentrifugalaccelerationislimited

toacomfortable3levelofabout0.6m/sec.

2.Safetycriteria;thatisthedrivershouldhaveadequateheadlightsightdistanceatany

partofthecountry.

Fig.11.2Valleycurve,case1,L>S

Fig.11.3Valleycurve,case2,S>L
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Fundamentalparametersoftraffic
flow

Trafficengineeringpertainstotheanalysisofthebehavioroftrafficandtodesignthe

facilitiesforthesmooth,safeandeconomicaloperationoftraffic.Understandingtraffic

behaviorrequires a thorough knowledge oftraffic stream parameters and their

mutualrelationships.

Trafficstream parameters

Thetrafficstream includesacombinationofdriverandvehiclebehavior.

1.Speed

Speedisconsideredasaqualitymeasurementoftravelasthedriversandpassengers

willbeconcernedmoreaboutthespeedofthejourneythanthedesignaspectsofthe

traffic.

 SpotSpeed

 Runningspeed

Timemeanspeedandspacemeanspeed

Timemeanspeedisdefinedastheaveragespeedofallthevehiclespassingapointon

ahighwayoversomespecifiedtimeperiod.Spacemeanspeedisdefinedasthe

averagespeedofallthevehiclesoccupyingagivensectionofahighwayoversome

specifiedtimeperiod.

2.Flow

Therearepracticallytwowaysofcountingthenumberofvehiclesonaroad.Oneisflow

orvolume,whichisdefinedasthenumberofvehiclesthatpassapointonahighwayor

agivenlaneordirectionofahighwayduringaspecifictimeinterval.

Typesofvolumemeasurements

I. AverageAnnualDailyTraffic(AADT)

II. AverageAnnualWeekdayTraffic(AAWT)

III. AverageDailyTraffic(ADT)

IV. AverageWeekdayTraffic(AWT)

3.Density

Densityisdefinedasthenumberofvehiclesoccupyingagivenlengthofhighwayor
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laneandisgenerallyexpressedasvehiclesperkm/mile.

Derivedcharacteristics
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Timeheadway

Themicroscopiccharacterrelatedtovolumeisthetimeheadwayorsimplyheadway.

Timeheadwayisdefinedasthetimedifferencebetweenanytwosuccessivevehicles

whentheycrossagivenpoint.

Distanceheadway
Anotherrelated parameteristhedistanceheadway.Itisdefined asthedistance

betweencorrespondingpointsoftwosuccessivevehiclesatanygiventime.

Traveltime
Traveltimeisdefinedasthetimetakentocompleteajourney.

Time-spacediagram

Fig.12.1Singlevehicle

Fig.12.2Manyvehicle
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Fundamentalrelationoftrafficparameter

Overview

Speedisoneofthebasicparametersoftrafficflow andtimemeanspeedandspacemean

speedarethetworepresentationsofspeed.

 Timemeanspeed(vt)

 Spacemeanspeed(vs)

Fundamentaldiagramsoftrafficflow

Theflow anddensityvarieswithtimeandlocation.Therelationbetweenthedensityandthe

correspondingflowonagivenstretchofroadisreferredtoasoneofthefundamentaldiagram

oftrafficflow.Somecharacteristicsofanidealflow-densityrelationshipislistedbelow:

1.Whenthedensityiszero,flowwillalsobezero,sincethereisnovehiclesontheroad.

2.Whenthenumberofvehiclesgraduallyincreasesthedensityaswellasflowincreases.

3.Whenmoreandmorevehiclesareadded,itreachesasituationwherevehiclescan’tmove.

Thisisreferredtoasthejam densityorthemaximum density.Atjam density,flowwillbezero

becausethevehiclesarenotmoving.

4.Therewillbesomedensitybetweenzerodensityandjam density,whentheflowismaximum.

Fig.13.1FlowdensityCurve
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Fig.13.2Speed-densitydiagram

Speed-densitydiagram

Similartotheflow-densityrelationship,speedwillbemaximum,referredtoasthefreeflow

speed,andwhenthedensityismaximum,thespeedwillbezero.Themostsimpleassumption

isthatthisvariationofspeedwithdensityislinear

Fig.13.3Speed-flowdiagram
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Lecture14Trafficdata

collection

Unlikemanyotherdisciplinesoftheengineering,thesituationsthatareinterestingtoa

trafficengineercannotbereproducedinalaboratory.Evenifroadandvehiclescouldbe

setupinlargelaboratories,itisimpossibletosimulatethebehaviorofdriversinthe

laboratory.

Datarequirements

Themeasurementprocedurescanbeclassifiedbasedonthegeographicalextentofthe

surveyintofivecategories:

(a)Measurementatpointontheroad,

(b)Measurementoverashortsectionoftheroad(lessthan500metres)

(c)Measurementoveralengthoftheroad(morethanabout500metres)

(d)Wideareasamplesobtainedfrom numberoflocations,and(e)theuseofan

observermovinginthetrafficstream.

Measurementsatapoint

Fig.14.1Illustrationofmeasurementovershortsectionusingenoscope

Measurementsovershortsection

Themainobjectiveofthisstudyistofindthespotspeedofvehicles.

Measurementsoverlongsection
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Thisisnormallyusedtoobtainvariationsinspeedoverastretchofroad.
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Movingobservermethodforstream measurement

Determinationofanyofthetwoparametersofthetrafficflowwillprovidethethirdone

bytheequationq=u.k.Movingobservermethodisthemostcommonlyusedmethodto

gettherelationshipbetweenthefundamentalstream characteristics

Fig.14.2.Illustrationofmovingobservermethod
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Lecture15Capacityand

LevelofService

CapacityandLevelofservicearetworelatedterms.Capacityanalysistriestogivea

clear understanding of how much traffic a given transportation facility can

accommodate.Levelofservicetriestoanswerhowgoodthepresenttrafficsituationon

agivenfacilityis.

Capacity

Capacityisdefinedasthemaximum numberofvehicles,passengers,orthelike,perunit

time,which can be accommodated undergiven conditions with a reasonable

expectationofoccurrence.Someoftheobservationsthatarefoundfrom thisdefinition

canbenowdiscussed.

Levelofservice

Aterm closelyrelatedtocapacityandoftenconfusedwithitisservicevolume.When

capacitygivesaquantitativemeasureoftraffic,levelofserviceorLOStriestogivea

qualitativemeasure.

Highwaycapacity

HighwaycapacityisdefinedbytheHighwayCapacityManualasthemaximum hourly

rateatwhichpersonsorvehiclescanbereasonablyexpectedtotraverseapointora

uniform segmentofalaneorroadwayduringagiventimeperiodunderprevailing

roadway,trafficandcontrolconditions.

 Trafficconditions:

 Roadwaycharacteristics:

 Controlconditions:

Factorsaffectinglevelofservice

Levelofserviceonecanderivefrom aroadunderdifferentoperatingcharacteristics

andtrafficvolumes.Thefactorsaffectinglevelofservice(LOS)canbelistedas

follows:

 Speedandtraveltime

 Trafficinterruptions/restrictions

 Freedom totravelwithdesiredspeed

 Drivercomfortandconvenience
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 Operatingcost.
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Lecture

16Traffic

Sign

Trafficcontroldeviceisthemedium usedforcommunicatingbetweentrafficengineer

androadusers.Unlikeothermodesoftransportation,thereisnocontrolonthedrivers

usingtheroad.Heretrafficcontroldevicescomestothehelpofthetrafficengineer.The

majortypesoftrafficcontroldevicesusedare-

1.Trafficsigns

2.Roadmarkings

3.Trafficsignals

4.Parkingcontrol.

Requirementsoftrafficcontroldevices

Thecontroldeviceshouldfulfillaneed

Itshouldcommandattentionfrom theroad

usersItshouldconveyaclear,simple

meaning

Roadusersmustrespectthesigns

Thecontroldeviceshouldprovideadequatetimeforproperresponsefrom theroadusers

Typesoftrafficsigns

1.Regulatorysigns

2.Warningsigns

3.Informativesigns

Regulatorysigns

Thesesignsarealsocalledmandatorysignsbecauseitismandatorythatthedrivers
mustobeythesesigns.Ifthedriverfailstoobeythem,thecontrolagencyhasthe
righttotakelegalactionagainstthedriver.

 Rightofwayseries

 Speedseries

 Movementseries

 Parkingseries
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 Pedestrianseries

 Miscellaneous
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Warningsigns

Warningsignsorcautionarysignsgiveinformationtothedriveraboutthe

impendingroadcondition.Theyadvicethedrivertoobeytherules.

Informativesigns

Informativesignsalsocalledguidesigns,areprovidedtoassistthedriverstoreach

theirdesireddestinations.Thesearepredominantlymeantforthedriverswhoare

unfamiliarto the place.The guide signs are redundantforthe users who are

accustomedtothelocation.

Fig.16.1Examplesofinformativesigns
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Lecture

17Road

Sign

Theessentialpurposeofroadmarkingsistoguideandcontroltrafficonahighway.

Theysupplementthefunctionoftrafficsigns.Themarkingsserveasapsychological

barrierandsignifythedelineationoftrafficpathanditslateralclearancefrom traffic

hazardsforthesafemovementoftraffic.Hencetheyareveryimportanttoensurethe

safe,smoothandharmoniousflowoftraffic.

Classificationofroadmarkings

Theroadmarkingsaredefinedaslines,patterns,wordsorotherdevices,exceptsigns,

setintoappliedorattachedtothecarriagewayorkerbsortoobjectswithinoradjacent

tothecarriageway,forcontrolling,warning,guidingandinformingtheusers.Theroad

markingsareclassifiedas

 Longitudinalmarkings

 Transversemarkings

 Objectmarkings

 Wordmessages

 Markingforparking

 Markingathazardouslocations

Longitudinalmarkings

Longitudinalmarkingsareplacedalongthedirectionoftrafficontheroadwaysurface,

forthepurposeofindicatingtothedriver,hisproperpositionontheroadway.

Fig.17.1Centrelinemarkingforatwolaneroad
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Fig.17.2Centrelineandlanemarkingforafourlaneroad

Centreline

Centrelineseparatestheopposingstreamsoftrafficandfacilitatestheirmovements.

Usuallynocentrelineisprovidedforroadshavingwidthlessthan5m andforroads

havingmorethanfourlanes.Thecentrelinemaybemarkedwitheithersinglebroken

line,singlesolidline,doublebrokenline,ordoublesolidlinedependingupontheroad

andtrafficrequirements.

Trafficlanelines

Thesubdivisionofwidecarriagewaysintoseparatelanesoneithersideofthecarriage

wayhelpsthedrivertogostraightandalsocurbsthemeanderingtendencyofthedriver.

Nopassingzones

Nopassingzonesareestablishedonsummitcurves,horizontalcurves,andontwolane

andthreelanehighwayswhereovertakingmaneuversareprohibitedbecauseoflow

sightdistance.Itmaybemarkedbyasolidyellow linealongthecentreoradouble

yellowline.
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Lecture

18Parkin

g

Parkingisoneofthemajorproblemsthatiscreatedbytheincreasingroadtraffic.

Parkingstudies

Beforetakinganymeasuresforthebettermentofconditions,dataregardingavailability

ofparkingspace,extentofitsusageandparkingdemandisessential.Itisalsorequired

toestimatetheparkingfaresalso.

 Parkingstatistics

 Parkingaccumulation

 Parkingvolume

 Parkingload

 Averageparkingduration

 Parkingturnover

 Parkingindex

Parkingsurveys

o In-outsurvey

o Fixedperiodsampling
o Licenseplatemethodofsurvey

Onstreetparking

 Parallelparking

 30parking

 45parking

 60parking

 Rightangleparking



Offstreet

ParkingInmanyurbancentres,someareasareexclusivelyallottedforparkingwhich

willbeatsomedistanceawayfrom themainstream oftraffic.Suchaparkingis

referredtoasoff-streetparking.
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Lecture19Traffic

SignalDesign

Theconflictsarisingfrom movementsoftrafficindifferentdirectionsissolvedbytime

sharingoftheprinciple.Theadvantagesoftrafficsignalincludesanorderlymovement

oftraffic,anincreasedcapacityoftheintersectionandrequiresonlysimplegeometric

design.Howeverthedisadvantagesofthesignalizedintersectionareitaffectslarger

stoppeddelays,andthedesignrequirescomplexconsiderations.

Definitionsandnotations

 Cycle

 Cyclelength

 Interval

 Greeninterval

 Redinterval

 Phase

 Losttime

Phasedesign

Thesignaldesignprocedureinvolvessixmajor

steps.Theyincludethe

1.phasedesign

2.determinationofambertimeandclearancetime

3.determinationofcyclelength

4.apportioningofgreentime

5.pedestriancrossingrequirements,

6.theperformanceevaluation

Twophasesignals

Twophasesystem isusuallyadoptedifthroughtrafficissignificantcomparedtothe

turningmovements.
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Fig.19.1Twophasesignal

Fourphasesignals

Thereareatleastthreepossiblephasingoptions.

Fig.19.2Onewayofprovidingfourphasesignals

Cycletime

Cycletimeisthetimetakenbyasignaltocompleteonefullcycleofiterations.i.e.

onecompleterotationthroughallsignalindications.ItisdenotedbyC.

Fig.19.3Headwaysdepartingsignal
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Lecture20Subgrade

Material

Pavements are a conglomeration ofmaterials.These materials,theirassociated

properties,andtheirinteractionsdeterminethepropertiesoftheresultantpavement.

Subgradesoil

Soilis an accumulation ordepositofearth material,derived naturallyfrom the

disintegrationofrocksordecayofvegetation,thatcanbeexcavatedreadilywithpower

equipmentinthefieldordisintegratedbygentlemechanicalmeansinthelaboratory.

Desirableproperties

Thedesirablepropertiesofsubgradesoilasahighwaymaterialare

1.Stability

2.Incompressibility

3.Permanencyofstrength

4.Minimum changesinvolumeandstability

5.Gooddrainage

6.Easeofcompaction

SoilClassification

Twocommonlyusedsystemsforsoilengineersbasedonparticledistributionand

atterberglimits:

•AmericanAssociationofStateHighwayandTransportationOfficials(AASHTO)

System(forstate/countyhighwaydept.)

•UnifiedSoilClassificationSystem (USCS)(preferredbygeotechnicalengineers).

Soilparticles

Thedescriptionofthegrainsizedistributionofsoilparticlesaccordingtotheirtexture

(particlesize,shape,andgradation).Majortexturalclassesinclude,veryroughly:

 gravel(>2mm);

 sand(0.1–2mm);

 silt(0.01–0.1mm);

 clay(<0.01mm).
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Lecture

21TestofSoil

Subgradesoilisanintegralpartoftheroadpavementstructureasitprovidesthe

supporttothepavementfrom beneath.Themainfunctionofthesubgradeistogive

adequatesupporttothepavementandforthisthesubgradeshouldpossesssufficient

stabilityunderadverseclimaticandloadingconditions.Therefore,itisveryessentialto

evaluatethesubgradebyconductingtests.Thetestsusedtoevaluatethestrength

propertiesofsoilsmaybebroadlydividedintothreegroups:

1.Sheartests

2.Bearingtests

3.Penetrationtests

Sheartests

Sheartestsareusuallycarriedoutonrelativelysmallsoilsamplesinthelaboratory.In

ordertofindoutthestrengthpropertiesofsoil,anumberofrepresentativesamples

from differentlocationsaretested.Someofthecommonlyknownsheartests:

o Directsheartest,

o Triaxialcompressiontest,
o Unconfinedcompressiontest.

CaliforniaBearingRatio(CBR)

This testwas developed bythe California Division ofHighwayas a method of

classifying and evaluating soil-sub grade and base course materials forflexible

pavements.
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Fig21.1CBRTest
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PlateBearingTest

Platebearingtestisusedtoevaluatethesupportcapabilityofsub-grades,basesandin

somecases,completepavement.Datafrom thetestsareapplicableforthedesignof

bothflexibleandrigidpavements.Inplatebearingtest,acompressivestressisapplied

tothesoilorpavementlayerthroughrigidplatesrelativelylargesizeandthedeflections

aremeasuredforvariousstressvalues.

Fig.21.2Plateloadtest



*Under
revision

Overview

Lecture22Pavement

materials

Aggregateisacollectiveterm forthemineralmaterialssuchassand,gravel,and

crushedstonethatareusedwithabindingmedium (suchaswater,bitumen,Portland

cement,lime,etc.)toform compoundmaterials(suchasbituminousconcreteand

Portlandcementconcrete).Byvolume,aggregategenerallyaccountsfor92to96

percentofBituminous concrete and about70 to 80 percentofPortland cement

concrete.Aggregateisalsousedforbaseandsub-basecoursesforbothflexibleand

rigidpavements.Aggregatescaneitherbenaturalormanufactured.

Desirable

propertiesStrength

Theaggregatesusedintoplayersaresubjectedto

(i)Stressactionduetotrafficwheelload,

(ii)Wearandtear,

(iii)crushing.

Hardness

Theaggregatesused inthesurfacecoursearesubjected to constantrubbing or

abrasionduetomovingtraffic.Theaggregatesshouldbehardenoughtoresistthe

abrasiveactioncausedbythemovementsoftraffic.Theabrasiveactionisseverewhen

steeltyredvehiclesmovesovertheaggregatesexposedatthetopsurface.

Toughness

Resistanceoftheaggregatestoimpactistermedastoughness.Aggregatesusedinthe

pavementshouldbeabletoresisttheeffectcausedbythejumpingofthesteeltyred

wheelsfrom oneparticletoanotheratdifferentlevelscausessevereimpactonthe

aggregates.

Shapeofaggregates

Aggregateswhichhappentofallinaparticularsizerangemayhaveroundedcubical,

angular,flakyorelongatedparticles.Itisevidentthattheakyandelongatedparticles

willhavelessstrengthanddurabilitywhencomparedwithcubical,angularorrounded
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particlesofthesameaggregate.Hencetooflakyandtoomuchelongatedaggregates

shouldbeavoidedasfaraspossible.



*Under
revision

Adhesionwithbitumen

Theaggregatesusedinbituminouspavementsshouldhavelessanitywithwaterwhen

comparedwithbituminousmaterials,otherwisethebituminouscoatingonthe

aggregatewillbestrippedoinpresenceofwater.

Durability

Thepropertyofaggregatestowithstandadverseactionofweatheriscalledsoundness.

Theaggregatesaresubjectedtothephysicalandchemicalactionofrainandbottom

water,impuritiesthere-inandthatofatmosphere,henceitisdesirablethattheroad

aggregates used in the construction should be sound enough to withstand the

weatheringaction

Freedom from deleteriousparticles

Specificationsforaggregatesusedinbituminousmixesusuallyrequiretheaggregates

tobeclean,toughanddurableinnatureandfreefrom excessamountofatorelongated

pieces,dust,clayballsandotherobjectionablematerial.Similarlyaggregatesusedin

Portlandcementconcretemixesmustbecleanandfreefrom deleterioussubstances

suchasclaylumps,chert,siltandotherorganicimpurities.



*Under
revision

Overview

Lecture23Aggregate

tests-I

Inordertodecidethesuitabilityoftheaggregateforuseinpavementconstruction,

followingtestsarecarriedout:

 Crushingtest

 Abrasiontest

 Impacttest

 Soundnesstest

 Shapetest

 Specificgravityandwaterabsorptiontest

 Bitumenadhesiontest

Crushingtest

Oneofthemodelinwhichpavementmaterialcanfailisbycrushingundercompressivestress.Atestis

standardizedbyIS:2386part-IVandusedtodeterminethecrushingstrengthofaggregates.The

aggregatecrushingvalueprovidesarelativemeasureofresistancetocrushingundergraduallyapplied

crushingload.

Fig.23.1Crushingtestsetup

Abrasiontest

Abrasiontestiscarriedouttotestthehardnesspropertyofaggregatesandtodecidewhethertheyare

suitablefordifferentpavementconstructionworks.LosAngelesabrasiontestisapreferredonefor

carryingoutthehardnesspropertyandhasbeenstandardizedinIndia(IS:2386part-IV).
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Fig.23.2LosAngelesabrasiontestsetup

Impact
test

Theaggregateimpacttestiscarriedouttoevaluatetheresistancetoimpactof

aggregates.Aggregatespassing12.5mm sieveandretainedon10mm sieveisfilledin

acylindricalsteelcupofinternaldia10.2mm anddepth5cm whichisattachedtoa

metalbaseofimpacttestingmachine.Thematerialisfilledin3layerswhereeachlayer

istampedfor25numberofblows.

Soundnesstest

Soundnesstestisintendedtostudytheresistanceofaggregatestoweatheringaction,

byconductingacceleratedweatheringtestcycles.ThePorousaggregatessubjectedto

freezingandthawingarelikelytodisintegrateprematurely.Toascertainthedurabilityof

suchaggregates,theyaresubjectedtoanacceleratedsoundnesstestasspecifiedin

IS:2386part-V.

Fig.23.3Impacttestsetup
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Lecture

24Aggregate

tests-II

Shapetests

Theparticleshapeoftheaggregatemassisdeterminedbythepercentageofflakyand

elongatedparticlesinit.Aggregateswhichareflakyorelongatedaredetrimentalto

higherworkability and stability ofmixes.The flakiness index is defined as the

percentagebyweightofaggregateparticleswhoseleastdimensionislessthan0.6

timestheirmeansize.TestprocedurehadbeenstandardizedinIndia(IS:2386part-I).

Fig.24.1Flakinessgauge

Fig.24.2Elongationgaugege

SpecificGravityandwaterabsorption

TheSpecificgravityandwaterabsorptionofaggregatesareimportantpropertiesthat

arerequiredforthedesignofconcreteandbituminousmixes.TheSpecificgravityof

asolidistheratioofitsmasstothatofanequalvolumeofdistilledwaterata

specifiedtemperature.

 ApparentSpecificGravity

 BulkSpecificGravity

Waterabsorption,Thedifferencebetweentheapparentandbulkspecificgravitiesis
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nothingbutthewater-permeablevoidsoftheaggregates.



*Under
revision

Thespecificgravityofaggregatesnormallyusedinroadconstructionrangesfrom about2.5to2.9.

Waterabsorptionvaluesrangesfrom 0.1toabout2.0percentforaggregatesnormallyusedinroad

surfacing.

Bitumenadhesiontest

Bitumenadhereswelltoallnormaltypesofroadaggregatesprovidedtheyaredryandfree

from dust.Intheabsenceofwaterthereispracticallynoadhesionproblem ofbituminous

construction.Adhesionproblem occurswhentheaggregateiswetandcold.

Table24.1TestsforAggregateswithIScodes
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Lecture25Pavement

materials:Bitumen

Bituminous materials orasphalts are extensively used forroadway construction,

primarily because of theirexcellentbinding characteristics and waterproofing

propertiesandrelativelylowcost.

ProductionofBitumen

Bitumenistheresidueorby-productwhenthecrudepetroleum isrefined.Awidevariety

ofrefineryprocesses,such as the straightdistillation process,solventextraction

processetc.maybeusedto producebitumenofdifferentconsistencyandother

desirableproperties.

Vacuum steam distillationofpetroleum oils

Inthevacuum-steam distillationprocessthecrudeoilisheatedandisintroducedintoa

largecylindricalstill.Steam isintroducedintothestilltoaidinthevaporizationofthe

morevolatileconstituentsofthepetroleum andtominimizedecompositionofthe

distillatesandresidues.Thevolatileconstituentsarecollected,condensed,andthe

variousfractionsstoredforfurtherrefining,ifneeded.Theresiduesfrom thisdistillation

arethenfedintoavacuum distillationunit,whereresiduepressureandsteam will

furtherseparateoutheaviergasoils.Thebottom fractionfrom thisunitisthevacuum-

steam-renedasphaltcement.

Differentformsof

bitumenCutbackbitumen

Normalpracticeistoheatbitumentoreduceitsviscosity.Insomesituationspreference

isgiventouseliquidbinderssuchascutbackbitumen.Incutbackbitumensuitable

solventisusedtolowertheviscosityofthebitumen.From theenvironmentalpointof

viewalsocutbackbitumenispreferred.

Therearedifferenttypesofcutbackbitumenlikerapidcuring(RC),medium curing(MC),

andslowcuring(SC).

Bitumenemulsion

Bitumenemulsionisaliquidproductinwhichbitumenissuspendedinafinelydivided

conditioninanaqueousmedium andstabilizedbysuitablematerial.Threetypesof

bituminousemulsionsareavailable,whichareRapidsetting(RS),Medium setting(MS),
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andSlowsetting(SC).Bitumenemulsionsareidealbindersforhillroadconstruction.
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Bituminousprimers

Inbituminousprimerthedistillateisabsorbedbytheroadsurfaceonwhichitisspread.

Theabsorptionthereforedependsontheporosityofthesurface.Bitumenprimersare

usefulonthestabilizedsurfacesandwaterboundmacadam basecourses.Bituminous

primersare generallyprepared on road sitesbymixing penetration bitumen with

petroleum distillate.

ModifiedBitumen

Certain additives orblend ofadditives called as bitumen modifiers can improve

propertiesofBitumenandbituminousmixes.Bitumentreatedwiththesemodifiersis

knownasmodifiedbitumen.Polymermodifiedbitumen(PMB)/crumbrubbermodified

bitumen (CRMB)should be used only in wearing course depending upon the

requirementsofextremeclimaticvariations.Thedetailedspecificationsformodified

bitumenhavebeenissuedbyIRC:SP:53-1999.

RequirementsofBitumen

Thedesirablepropertiesofbitumendependonthemixtypeandconstruction.In

general,Bitumenshouldpossesfollowingdesirableproperties.

o Thebitumenshouldnotbehighlytemperaturesusceptible:duringthehottest

weatherthemixshouldnotbecometoosoftorunstable,andduringcoldweather

themixshouldnotbecometoobrittlecausingcracks.

o Theviscosityofthebitumenatthetimeofmixingandcompactionshouldbe

adequate.Thiscanbeachievedbyuseofcutbacksoremulsionsofsuitable

gradesorbyheatingthebitumenandaggregatespriortomixing.

o There should be adequate affinityand adhesion between the bitumen and
aggregatesusedinthemix.
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Testson
bitumen

Lecture26Test

ofBitumen

Thereareanumberofteststoassessthepropertiesofbituminousmaterials.The

followingtestsareusuallyconductedtoevaluatedierentpropertiesofbituminous

materials.

 Penetrationtest

 Ductilitytest

 Softeningpointtest

 Specificgravitytest

 Viscositytest

 FlashandFirepointtest

 Floattest

 Watercontenttest

 Lossonheatingtest

Penetrationtest

Itmeasuresthehardnessorsoftnessofbitumenbymeasuringthedepthintenthsofa

millimetertowhichastandardloadedneedlewillpenetrateverticallyin5seconds.BIS

hadstandardized theequipmentandtestprocedure.Thepenetrometerconsistsofa

needleassemblywithatotalweightof100gandadeviceforreleasingandlockingin

anyposition.

Fig.26.1PenetrationTestSetup

Ductilitytest
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Ductilityisthepropertyofbitumenthatpermitsittoundergogreatdeformationor

elongation.Ductilityisdefinedasthedistanceincm,towhichastandardsampleor

briquetteofthematerialwillbeelongatedwithoutbreaking.
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Fig.26.2DuctilityMoulds

Softeningpointtest

Softeningpointdenotesthetemperatureatwhichthebitumenattainsaparticular

degreeofsofteningunderthespecificationsoftest.ThetestisconductedbyusingRing

andBallapparatus.

Fig.26.3SofteningPointTestSetup

Specificgravitytest

Inpavingjobs,toclassifyabinder,densitypropertyisofgreatuse.Inmostcases

bitumenisweighed,butwhenusedwithaggregates,thebitumenisconvertedto

volume using densityvalues.The densityofbitumen is greatlyinfluenced byits

chemicalcomposition.Increaseinaromatictypemineralimpuritiescauseanincrease

inspecificgravity.

Viscositytest

Viscositydenotesthefluidpropertyofbituminousmaterialanditisameasureof

resistancetoflow.Attheapplicationtemperature,thischaracteristicgreatlyinfluences

thestrengthofresultingpavingmixes.Low orhighviscosityduringcompactionor
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mixinghasbeenobservedto
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resultinlowerstabilityvalues.Athighviscosity,itresistthecompactiveeffortand

therebyresultingmixisheterogeneous,hencelowstabilityvalues.

Fig.26.4Viscosityapparatus

Flashandfirepointtest

Athigh temperaturesdepending upon thegradesofbitumen materialsleaveout

volatiles.Andthesevolatilescatchesfirewhichisveryhazardousandthereforeitis

essentialtoqualifythistemperatureforeachbitumengrade.

Floattest

Normallytheconsistencyofbituminousmaterialcanbemeasuredeitherbypenetration

testorviscositytest.Butforcertain rangeofconsistencies,thesetestsarenot

applicableandFloattestisused.

Watercontenttest

Itisdesirablethatthebitumencontainsminimum watercontenttopreventfoamingof

thebitumenwhenitisheatedabovetheboilingpointofwater.Thewaterinabitumenis

determinedbymixingknownweightofspecimeninapurepetroleum distillatefreefrom

water,heatinganddistillingofthewater.

Lossonheatingtest

Whenthebitumenisheateditlosesthevolatilityandgetshardened.About50gm ofthe

sampleisweighedand0heatedtoatemperatureof163Cfor5hoursinaspecified

ovendesignedforthistest.
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Lecture27BituminousMix

Design-I

Thebituminousmixdesignaimstodeterminetheproportionofbitumen,filler,fine

aggregates,andcoarseaggregatestoproduceamixwhichisworkable,strong,durable

andeconomical.Therequirementsofthemixdesignandthetwomajorstagesofthe

mixdesign,i.edrymixdesignandwetmixdesign.

Objectivesofmixdesign

1.Sufficientbitumentoensureadurablepavement,

2.Sufficientstrengthtoresistsheardeformationundertrafficathighertemperature,

3.Sufficientairvoidsinthecompactedbitumentoallowforadditionalcompactionbytraffic,

4.Sufficientworkabilitytopermiteasyplacementwithoutsegregation,

5.Sufficientflexibilitytoavoidprematurecrackingduetorepeatedbendingbytraffic,and

6.Sufficientflexibilityatlowtemperaturetopreventshrinkagecracks.

Constituentsofamix

 Coarseaggregates

 Fineaggregates

 Filler

 Binder

Typesofmix

 Well-gradedmix

 Gap-gradedmix

 Open-gradedmix

 Unbounded

Differentlayersinapavement

o Bituminousbasecourse

o Bituminousbindercourse

o Asphaltic/Bituminousconcrete
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Stability

Lecture28Requirementsof

Bituminousmixes

Stabilityisdefinedastheresistanceofthepavingmixtodeformationundertrafficload.

Twoexamplesoffailureare

(i)shoving-atransverserigiddeformationwhichoccursatareassubjectto
severeacceleration

(ii)grooving-longitudinalridgingduetochannelizationoftraffic.Stabilitydependonthe

inter-particlefriction,primarilyoftheaggregatesandthecohesionofferedby

thebitumen.

Durability

Durabilityisdefinedastheresistanceofthemixagainstweatheringandabrasiveactions.

(i)pot-holes,-deteriorationofpavementslocallyand

(ii)stripping,lostofbinderfrom theaggregatesandaggregatesareexposed.

Flexibility

Flexibilityisameasureofthelevelofbendingstrengthneededtocounteracttraffic

loadandpreventcrackingofsurface.Fractureisthecracksformedonthesurface

(hairline-cracks,alligatorcracks),main reasons are shrinkage and brittleness of

thebinder.

Skidresistance

Itistheresistanceofthefinishedpavementagainstskiddingwhichdependsonthe

surfacetextureandbitumencontent.Itisanimportantfactorinhighspeedtraffic.

Workability

Workabilityistheeasewithwhichthemixcanbelaidandcompacted,andformedtothe

requiredconditionandshape.

Desirableproperties

From theabovediscussion,thedesirablepropertiesofabituminousmixcan be

summarizedasfollows:

 Stabilitytomeettrafficdemand

 Bitumencontenttoensureproperbindingandwaterproofing
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 Voidstoaccommodatecompactionduetotraffic

 Flexibilitytomeettrafficloads,esp.incoldseason

 Sufficientworkabilityforconstruction•Economicalmix
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Overview

Lecture29Dry

MixDesign

Theobjectiveofdrymixdesignistodeterminetheamountofvarioussizesofmineral

aggregatestousetogetamixofmaximum density.Thedrymixdesigninvolvesthree

importantsteps,viz.selectionofaggregates,aggregatesgradation,andproportionof

aggregates,whicharediscussedbelow.

Selectionofaggregates
Thedesirablequalitiesofabituminouspavingmixturearedependenttoaconsiderable

degreeonthenatureoftheaggregatesused.Aggregatesareclassifiedascoarse,fine,

andfiller.Thefunctionofthecoarseaggregatesincontributingtothestabilityofa

bituminouspavingmixtureislargelyduetointerlockingandfrictionalresistanceof

adjacentparticles.

Aggregategradation

Thepropertiesofthebituminousmixincludingthedensityandstabilityare

verymuchdependentontheaggregatesandtheirgrainsizedistribution.

However,someminimum amountofvoidspaceisnecessaryto:

o provideadequatevolumeforthebindertooccupy,

o promoterapiddrainage,and

o provideresistancetofrostactionforbaseandsubbasecourses.

Proportioningofaggregates

Afterselectingtheaggregatesandtheirgradation,proportioningofaggregateshasto

bedoneandfollowingarethecommonmethodsofproportioningofaggregates:

•Trialanderrorprocedure:

•GraphicalMethods:

•AnalyticalMethod:
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Overview

Lecture30Marshall

MixDesign

Themixdesign(wetmix)determinestheoptimum bitumencontent.Thisisprecededby

thedrymixdesign.

Marshallmixdesign

TheMarshallstabilityandflow testprovidestheperformancepredictionmeasurefor

the Marshallmixdesign method.The stabilityportion ofthe testmeasures the

maximum loadsupportedbythetestspecimenataloadingrateof50.8mm/minute.

Specimenpreparation

Determinethepropertiesofthemix

Fig.30.1MarshallMould

Fig.30.2MarshallMould
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TheoreticalspecificgravityofthemixGt

BulkspecificgravityofmixGm

AirvoidspercentVv

VoidsinmineralaggregateVMA

VoidsfilledwithbitumenVFB

DetermineMarshallstabilityandflow

Marshallstabilityofatestspecimenisthemaximum loadrequiredtoproducefailure

whenthespecimenispreheatedtoaprescribedtemperatureplacedinaspecialtest

headandtheloadisappliedataconstantstrain(5cm perminute).

Applystabilitycorrection
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Preparegraphicalplots

Theaveragevalueoftheabovepropertiesaredeterminedforeachmixwithdifferent

bitumencontentandthefollowinggraphicalplotsareprepared:

1.BindercontentversuscorrectedMarshallstability

2.BindercontentversusMarshallflow

3.Bindercontentversuspercentageofvoidinthetotalmixv

4.Bindercontentversusvoidsfilledwithbitumen(VFB)5.Bindercontentversusunit

weightorbulkspecificgravity

Determineoptimum bitumencontent

Determinetheoptimum bindercontentforthemixdesignbytakingaveragevalueof

thefollowingthreebitumencontentsfoundform thegraphsobtainedintheprevious

step.

1.Bindercontentcorrespondingtomaximumstability

2.Bindercontentcorrespondingtomaximum bulkspecificgravity

3.Bindercontentcorrespondingtothemedianofdesignedlimitsofpercentairvoidsin

thetotalmixv(i.e.4%)

Fig.30.1Marshalgraphicalplots
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Overview

Lecture31Flexible

pavementdesign-I

Flexiblepavementsaresonamedbecausethetotalpavementstructuredeflects,or

flexes,underloading.Aflexiblepavementstructureistypicallycomposedofseveral

layersofmaterials.Eachlayerreceivesloadsfrom theabovelayer,spreadsthem out,

andpassesontheseloadstothenextlayerbelow.Thusthestresseswillbereduced,

whicharemaximum atthetoplayerandminimum onthetopofsubgrade.

Designprocedures

 Empiricaldesign

 Empiricaldesign

TrafficandLoading

 Fixedtraffic

 Fixedvehicle

 Variabletrafficandvehicle

Equivalentsinglewheelload

Tocarrymaximum loadwithinthespecifiedlimitandtocarrygreaterload,dualwheel,

ordualtandem assemblyisoftenused.Equivalentsinglewheelload(ESWL)isthe

singlewheelloadhavingthesamecontactpressure,whichproducessamevalueof

maximum stress,deflection,tensilestressorcontactpressureatthedesireddepth.

EquivalentsinglewheelloadTocarrymaximum loadwithinthespecifiedlimitandto

carrygreaterload,dualwheel,ordualtandem assemblyisoftenused.Equivalentsingle

wheelload(ESWL)isthesinglewheelloadhavingthesamecontactpressure,which

producessamevalueofmaximum stress,deflection,tensilestressorcontactpressure

atthedesireddepth.
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Fig.31.1ESWL-Equalstressconcept

Equivalentsingleaxleload

o Legalaxleload
o Standardaxle

loadRepetitionofaxle

loadsEquivalentaxle

loadfactor
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Materialcharacterization

Lecture32Flexible

pavementdesign-I

Itiswellknownthatthepavementmaterialsarenotperfectlyelasticbutexperiences

somepermanentdeformationaftereachloadrepetitions.Itiswellknownthatmost

pavingmaterialsarenotelasticbutexperiencesomepermanentdeformationafter

eachloadapplication.

Resilientmodulusofsoil

Theelasticmodulusbasedontherecoverablestrainunderrepeatedloadsiscalledthe

resilientmodulus.

Fig.32.1Recoverablestrainunderrepeatedloads

Dynamiccomplexmodulus

Thisisoneofthewayofexplainingthestress-strainrelationshipofvisco-elasticmaterials.

Correlationswithothertests

Determinationofresiliantmodulusisoftencumbersome.Therefore,variousempirical

testshavebeenusedtodeterminethematerialpropertiesforpavementdesign.

Mechanistic-empiricalanalysis

Mechanicsisthescienceofmotionandactionofforcesonbodies.Inpavement

designthesephenomenaarestresses,strains,anddeflectionswithinapavement

structure and thephysicalcauses are loads and materialproperties ofthe

pavementsstructure.

27.5.1Advantages
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ThebasicadvantagesoftheMechanistic-Empiricalpavementdesignmethodovera

purelyempiricaloneare:

o Itcanbeusedforbothexistingpavementrehabilitationandnew
pavementconstruction

o Itcanaccommodatechangingloadtypes
o Itcanbettercharacterizematerialsallowingforbetterutilizationof

availablematerialsaccommodationofnewmaterialsimproveddefinitionof
existinglayerproportion

o Itusesmaterialproportionthatrelatesbetterwithactualpavementperformance
o Itprovidesmorereliableperformancepredictions
o Itdefinesroleofconstructioninabetterway
o Itaccommodatesenvironmentandagingeectofmaterialsinthepavement

Mechanisticmodel
Mechanisticmodelsareusedtomathematicallymodelpavementphysics.

Inputs

Alayeredelasticmodelrequiresaminimum numberofinputstoadequately

characterizeapavementstructureanditsresponsetoloading.Theseinputsare:

Materialpropertiesofeachlayer,likemodulusofelasticity(E),Poisson'sratio,

Pavementlayerthicknesses,and

Loadingconditionswhichincludethetotalwheelloadandloadrepetitions

Output

Theoutputsofthelayeredelasticmodelarethestresses,strainsanddeectionsinthe
pavements.

 Stress.

 Strain.

 Deflection.
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Overview

Lecture33

IRCMethodofFlexiblePavement
Design

Indianroadscongresshasspecifiedthedesignproceduresforexiblepavementsbased
onCBRvalues.ThePavementdesignsgiveninthepreviouseditionIRC:37-1984were
applicabletodesigntrafficuptoonly30millionstandardaxles(msa).

Scope
TheseguidelineswillapplytodesignofexiblepavementsforExpressway,National
Highways,StateHighways,MajorDistrictRoads,andothercategoriesofroads.Flexible
pavementsareconsideredtoincludethepavementswhichhavebituminoussurfacing
andgranularbaseandsub-basecoursesconformingtoIRC/MOSTstandards.These
guidelinesapplytonewpavements.

Designcriteria

o Verticalcompressivestrainatthetopofthesub-gradewhichcancausesub-
gradedeformationresultinginpermanentdeformationatthepavementsurface.

o Horizontaltensilestrainorstressatthebottom ofthebituminouslayerwhich
cancausefractureofthebituminouslayer.

o Pavementdeformationwithinthebituminouslayer.

FailureCriteria

 FatigueCriteria

 RuttingCriteria

Fig.33.1CriticalLocationsinPavement
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Designprocedure

Basedontheperformanceofexistingdesignsandusinganalyticalapproach,simple

designchartsandacatalogueofpavementdesignsareaddedinthecode.

Usingthefollowingsimpleinputparameters,appropriatedesignscouldbechosenfor

thegiventrafficandsoilstrength:

 Designtrafficintermsofcumulativenumberofstandardaxles;and

 CBRvalueofsubgrade.

Designtraffic

Themethodconsiderstrafficintermsofthecumulativenumberofstandardaxles

(8160kg)tobecarriedbythepavementduringthedesignlife.Thisrequiresthe

followinginformation:

 InitialtrafficintermsofCVPD

 Trafficgrowthrateduringthedesignlife

 Designlifeinnumberofyears

 Vehicledamagefactor(VDF)

 Distributionofcommercialtrafficoverthecarriageway.

Pavementthicknessdesigncharts

Forthedesignofpavementstocarrytrafficintherangeof1to10msa,usechart1and

fortrafficintherange10to150msa,usechart2ofIRC:372001.

Pavementcomposition

o Sub-base

o Base
o Bituminoussurfacing
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Overview

Lecture34Stressesin

RigidPavement

Asthenameimplies,rigidpavementsarerigidi.e,theydonotflexmuchunderloading

likeflexiblepavements.Theyareconstructedusingcementconcrete.Inthiscase,the

loadcarryingcapacityismainlyduetotherigidityadhighmodulusofelasticityofthe

slab(slabaction).

Modulusofsub-gradereaction

Westergaardconsideredtherigidpavementslabasathinelasticplaterestingonsoil

sub-grade,whichisassumedasadenseliquid.Theupwardreactionisassumedtobe

proportionaltothedeflection.

Relativestiffnessofslabtosub-grade

Acertaindegreeofresistancetoslabdeflectionisofferedbythesub-grade.Thesub-

gradedeformationissameastheslabdeflection.Hencetheslabdeflectionisdirect

measurementofthemagnitudeofthesub-gradepressure.

Criticalloadpositions

Therearethreetypicallocationsnamelytheinterior,edgeandcorner,wherediffering

conditionsofslabcontinuityexist.Theselocationsaretermedascriticalloadpositions.

Fig.34.1Criticalstresslocations

Temperaturestresses

Temperaturestressesaredevelopedincementconcretepavementduetovariationin

slabtemperature.Thisiscausedby
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(i)Dailyvariationresultinginatemperaturegradientacrossthethicknessoftheslaband
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(ii)Seasonalvariationresultinginoverallchangeintheslabtemperature.

Combinationofstresses

Thecumulativeeffectofthedifferentstressgiverisetothefollowingtheecriticalcases

 Summer,mid-day:Thecriticalstressisforedgeregion

 Winter,mid-day:Thecriticalcombinationofstressisfortheedgeregiongivenby

 Mid-nights:Thecriticalcombinationofstressisforthecornerregiongiven
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Expansionjoints

Lecture35Design

ofjoints

Thepurposeoftheexpansionjointistoallowtheexpansionofthepavementduetorisein

temperaturewithrespecttoconstructiontemperature.

Contractionjoints

Fig.35.1Expansionjoint

35.2ContractionJoint

Dowelbars

Thepurposeofthedowelbaristoeffectivelytransfertheloadbetweentwoconcreteslabsandto
keepthe

twoslabsinsameheight.

Tiebars

Incontrasttodowelbars,tiebarsarenotloadtransferdevices,butserveasameansto

tietwoslabs.Hencetiebarsmustbedeformedorhookedandmustbefirmlyanchored

intotheconcretetofunctionproperly.



*Under
revision

Overview

Lecture36Low

VolumeRoads

Low VolumeRoadisconsideredaroadthathasrelativelylow use(anAverageDaily
Trafficoflessthan400vehiclesperday),lowdesignspeeds(typicallylessthan80kph),
andcorrespondinggeometry.Mostroadsinruralareasarelow-volumeroads.

Steps
Thebasicstepsofroadpanningare:

o Planning
o Location
o Survey
o Design
o Construction
o Maintenance

ImportanceofRuralRoads

RuralroadconnectivityisakeycomponentofruraldevelopmentinIndiasinceit

promotesaccesstoeconomicandsocialservicesandtherebyincreasesagricultural

incomeandproductiveemploymentopportunities.Asaresult,itisalsoakeyingredient

inensuringsustainablepovertyreduction.

AspectofRoadDesign

o GeneralDesign

o Materials

o Slopes

o Drainage

o ErosionControl
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Overview

Lecture37Highway

Drainage

Provisionforadequatedrainageisofparamountimportanceinroaddesignandcannot

beoveremphasized.Thepresenceofexcesswaterormoisturewithintheroadwaywill

adversely affectthe engineering properties ofthe materials with which itwas

constructed.Cutorfillfailures,roadsurfaceerosion,andweakenedsubgradesfollowed

byamassfailureareallproductsofinadequateorpoorlydesigneddrainage.Ashas

beenstatedpreviously,manydrainageproblemscanbeavoidedinthelocationand

designoftheroad:Drainagedesignismostappropriatelyincludedinalignmentand

gradientplanning.

ImportanceofDrainage

Waterhasanumberofunhelpfulcharacteristicswhichimpactonhighwayperformance.
o Itisalubricantreducingtheeffectivenessoftyregriponthecarriageway

wearingsurfacewhichcanincreasestoppingdistances.
o Sprayfrom rainwaterbeingthrownupbycartyrescanreducevisibilitywhichcan

leadtodelaysinreactingtoeventsonthecarriageway.
o Dragoncartyresfrom localrainwaterpondingcanalterthebalanceof

vehiclestravellingatspeedwhichcanbealarmingorcauseskidding.
o Itisincompressiblethereforestandingwatereffectivelyactsasa

jackhammeronthewearingcourserightthroughtothesub-basewhen
vehiclespassoverhead.

o Itexpandswhenfrozenpullingapartthecarriagewayconstructionwhichthen
fallsapartwhenitwarmsup

o Inextremestorms,rainwatercansimplywashawayroadsonembankment
shouldtheculvertbecomeblockedorlackcapacity.
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Lecture

38Bridge

Engineering-I

ClassificationofBridges

1.ClassificationofBridges(Accordingtoform (or)typeofsuperstructures)
•Slabbridge
•Beambridge
•Trussbridge
•Archbridge
•Cablestayed(or)suspendedbridge

2.Classificationofbridges(Accordingtomaterialofconstructionofsuperstructure)
•Timberbridge
•Concretebridge
•Stonebridge
•R.C.Cbridge
•Steelbridge
•P.C.Cbridge
•Compositebridge
•Aluminumbridge

3.Classificationofbridges(Accordingtointer-spanrelationship)
•Simplysupportedbridge
•Cantileverbridge
•Continuousbridge

4.Classificationofbridges(Accordingtothepositionofthebridgefloor
relativetosuperstructures)
•Deckthroughbridge
•Halfthroughorsuspensionbridge

5.Classificationofbridges(Accordingtomethodofconnectionofdifferent
partofsuperstructures)
•Pinnedconnectionbridge
•Rivetedconnectionbridge
•Weldedconnectionbridge

6.Classificationofbridges(Accordingtolengthofbridge)
•Culvertbridge(lessthan6m)
•Minorbridge(lessthan6m-60m)
•Majorbridge(morethan60m)
•Longspanbridge(morethan120m)
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9.Classificationofbridges(Accordingtofunction)
•Aqueductbridge(canaloverariver)
•Viaduct(roadorrailwayoveravalleyorriver)
•Pedestrianbridge
•Highwaybridge
•Railwaybridge
•Road-cum-railorpipelinebridge

Bridgescour

Itistheremovalofsedimentsuchassandandrocksfrom aroundbridgeabutmentsor
piers.Scour,causedbyswiftlymovingwater,canscoopoutscourholes,compromising
theintegrityofastructure.

IntheUnitedStatesofAmerica,bridgescourisoneofthethreemaincausesofbridge
failure(theothersbeingcollisionandoverloading).Ithasbeenestimatedthat60%ofall
bridgefailuresresultfrom scourandotherhydraulic-relatedcauses.Itisthemost
commoncauseofhighwaybridgefailureintheUnitedStates,where46of86major
bridgefailuresresultedfrom scournearpiersfrom 1961to1976.
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Lecture

39BridgeEngineering

-II

ShallowFoundations:

Foundationsprovidedimmediatelybeneaththelowestpartofthestructure,neartothe
groundlevelareknownasshallowfoundations.Suchfoundationsaremostlyplacedon
thefirsthardandfirm strataavailablebelowthegroundlevel.Shallowfoundationsare
furtherclassifiedintothefollowingtypes:

1.Spreadfootingoropentrenchfoundations
2.Grillagefoundations
3.Raftfoundations
4.Steppedfoundations
5.Invertedarchfoundations

DeepFoundation:

The foundation constructed sufficiently below ground level with some
artificialarrangements such as piles,wells etc,attheirbase are called deep
foundations.Deepfoundationarefurtherclassifiedintothefollowingtypes;

1.Pilefoundation
2.Wellfoundation
3.Caissonfoundation
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Lecture

40Earthwork

Forvariouscivilengineeringprojectslikeroadwork,irrigationcanalproject,tanksurvey,
earthmoving,etc,thecalculationmethodusedaredifferent.Someofthesemethods
wereintroducedbeforetheinventionofcomputersandarestillbeingcontinued.This
documentdiscusses aboutthe industrypractices ofvarious methods ofvolume
calculationsothattheuserscanfinallychoosetherightonefortheirproject.

Earthworks
Earthworksareengineeringworkscreatedthroughthemovingand/orprocessingof
massivequantitiesofsoilorunformedrock.Earthworkisdonetoreconfigurethe
topographyofasitetoachievethedesignlevels.Earthworkinvolvescuttingandfilling
toachievetherequiredtopography.

Cutting
Cuttingistheprocessofexcavatingearthmaterialfrom aworklocationtoachievethe
desiredtopography.

Filling
Fillingistheprocessofmovingtheexcavatedmaterialoradditionalearthmaterialtoa
worklocationtoachievethedesiredtopography.

ApplicationsofEarthwork
Typically,earthworkisdoneinthefollowingprojects:

 Roadworks
 Railways
 Irrigationprojectsuchascanalsanddams
 Othercommonearthworkapplicationsarelandgradingtoreconfigurethe

topographyofasite,ortostabilizeslopes

TrapezoidalRule(EndArea)

Intrapezoidalmethod,eachsegmentofthesectionisdividedintovarioustrapezoids
andtriangles.

TrapezoidalAreaA=1/2XaX(b1+b2)
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TriangleareaA=a*b/2
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1.Kh
2.PTEL.


