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InterchangeandCGSJ:classificationssystemconsiderations,trafficsafety,andope

rationsoverview. 
 
 
 

ABSTRACT 
 

Thepaperpresentssystemconsiderationsandclassificationcriteriaofinterchangegeometricdesig

nbasedonthenewIsraeliInterchangedesignguidelines(VOLUMEIIIofgeometricdesignstandardsf

orrural(interurban)highwaysandurbanfreeways). 

Thepapergivesamethodologicaloverviewofinterchangessystematicalwarrantinordertoadjusta

ndessentiallyconstructanappropriateinterchangethatconnectstwointersectinghighways.This

warrantreferstothenumberoflegs,partiality,functionalclassification,andaccesscontroltypeofin

tersectinghighwayszone(inthefinalstageofconstruction)basedonhighwayclassification.Thepap

eralsocoverssystemconsiderationsforimplementingacompactgradeseparatedjunction(CGSJ)in

amajorhighway,andtrafficoperation,safetyinsights. 

Keywords:interchange,classification,safety,highway,system 

 

INTRODUCTION 
 

Aninterchangeisasystemofinterconnectinghighwaysincombinationwithoneormoregradesepa

rationsthatprovidesthemovementsoftrafficflowbetweentwoormorehighwaysondifferentlev

els.Crossingconflictsareeliminatedbygradeseparationsandturningconflictsareminimizeddepe

ndingoninterchangefunctionalclassificationandconfiguration.Thedriverisrequiredtoselectasu

itablespeed,accelerateanddecelerate,andchooseappropriatelanesinordertomakemergingan

ddivergingmaneuvers.Anotherdefinitionofinterchangerefersto"amaterialobjectwhoseformis

determinedbythephysicsofmotorizedmovementandeconomicsofconstruction,aswellasthese

mioticcodingofdrivingintoabinarychainofswitchingoperationsintendedtoreduceanxietyande

quivocation"(Kozlovsky2019). 

Thebasicprinciplesofinterchangedesignassistthedrivertopasswithminimumdisturbanceofexiti

ngandenteringtrafficwithoutdifficultythatthethroughhighwayisthecorrectoneforthedriver’sde

stination.Ahigh-

qualitydesignenablesthedrivertounderstandtheoperationoftheinterchangewithoutbeingmisle

dorsurprisedbyanydesignfeature.Routecontinuity,provisionofadequatesightdistance,andunif

ormityofsigningareimportantfeaturesinthismanner. 

Themajorobjectivesofinterchangegeometricdesignproceduresare:(1)Aframeworkofareliabled

esignthatenablesacomprehensivedesignprocess.(2)Distinctionbetweeninterchangetypes,bas

edonintersectinghighways'classification.(3)Generatingsystematicconceptsanddesignelement
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softheinterchangecomponentsinordertoproducetheentireinterchangeschemebasedontheim

plementeddesigncriteria.(4)Determinationofaccesscontroltyperelatedtointersectinghighways

’zone. 

Thispaperpresentsprinciplesofclassifications,systems’considerations,andtrafficoperationands

afetyaspects,whicharebeneficialforinterchangeandcompactgradeseparatedjunction(CGSJ)ge

ometricdesigncomparedtosignalizedintersections.Alsodiscussedarespacingcriteriabetweenin

terchanges.Inpractice,choosinganappropriateinterchangeforasiteiscriticalforimprovingtheeffi

ciencyofthetransportationsystem. 

 

LITERATURE REVIEW:  

interchange safety, complexity, guidancesigns, and operational 

performance 
 

Transportinterchangesplayakeyroleasurbantransportnetworkfocalpointsandenhancepublictr

ansportoperation(Lopez-

Lambas,Monzon2010).Physicalexpensesandpsychologicalacknowledgementarealsoinfluence

dbythedesignandoperationofinterchange(TerzisandLast2000). 

Guidancesignseffectsoninterchangedesignanddrivingperceptions 
 

AbreuandBazrafshan(2013)foundthatsatisfactionlevelsaresignificantlyinfluencedbytheuseofg

uidancesigns.Hernandezetal.(2016)implementedacasestudyofMoncloaurbantransportfour-

leveldirectionalinterchange(MadridSpain)toadvisethattheinformationprovisionofguidancesig

nsandthecomponentsofinterchangeinternaldesignhaveadirectimpactonaspectsrelatedtosafe

typerformanceandsecurityconditionsprincipallyduringdaytime. 

HamaokaandMatsubara(2019)emphasizedtheimportanceofinterchangedesignanditslinkaget

opossiblehigherrisksofwrong-

waydrivingsuchas“exitatpreviousinterchange”and“overruntheobjectiveinterchange”.Theyem

phasizedthesignificanceoffullyseparatedconditionsformerginglane(“inflowlane”)anddiverging

lane(“outflowlane”)andtheadequatelocationofsignpostatthe“demergingsection”(priortomer

ginginfluencearea). 

Lietal.(2018)presentedacomprehensiveevaluationandclassificationofinterchangediagrammati

cguidesigns'complexityinordertounderstandhowwelldriverscanperceivethem.Theinterchange

degreeofcomplexityaffectstheramificationofdiagrammaticguidesigns.Theyconcludedthatinor

dertoimprovetrafficsafetyanddriverunderstandingitisbettertosimplifythehighlycomplexsigns

bysplittingandrepeatingthesettingsandarrangingauxiliarymarkings. 

Additionally,signinglocatedaheadoftheinterchangecouldprovideinformationthatpreparesdriv

erstodecideonthepropermaneuversinadvance(Doctoretal.2009).Evensignconsistencyalongth

einterchangedhighwaycorridorwhichisperformedbylaneassignmentarrows,diagrammaticalle
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gend,andletterheightcouldreducetheroaduserworkload. 

Complexinterchange:trafficsafety,signingandinterchangeclassificationrelevance 
 

SadiaandPolus(2013)presentedaninterchangecomplexitymodel(ICM)basedondrivingworkloa

dininterchangesinordertoevaluatecrashpotential.Themorecomplextheinterchangeis,thedrive

rdependsuponmoreworkloadresources.TheICMresultsrevealedthatcomplexinterchangeswhic

hreceivedhighICI(InterchangeComplexityIndex)ratingshavemoretrafficcrashes.Thereasonsare

highworkloaddemandofdriversandincreasedrisksofdrivingfaults.Interchangesthatincorporate

highAverageAnnualDailyTraffic(AADT)contributetohighworkloadandincreaseriskbecauseinter

changedesignbecomescomplicatedinordertotransfertrafficvolumes,butisalsoexposedtomorei

nteractionsbetweendriverswhichcorroborateshighprobabilityofcrash. 

Complexinterchangesusuallydonothaveconventionallayoutpatternslikediamondandcloverleaf

serviceinterchanges.Suitablerampseparationisessentialforclearandsimpleguidesigning.Clearsi

gningisrequiredifserviceinterchangeandspecificallyservicerampsareclosetoasysteminterchan

ge.Suchaschemeincreasesinterchangedesigncomplexityanddriversneedtoperceivethecorrect

wayoftheirroute(Doctoretal.2009). 

Overall,whendesigningcomplexinterchangestakingtheentirecorridorintoconsideration(andno

tjustthesingleinterchange)canimprovetrafficsafetyandoperationoftheregionaltransportations

ystem,andminimizecontradictedexpectationsofthedrivers. 

Singlepointurbaninterchangevs.tightdiamondinterchange 
 

Yueetal.(2019)presentedastudywhichconcentratesonoperationalefficiencyevaluationofdiamo

ndserviceinterchanges:singlepointurbaninterchange(SPUI)vs.tightdiamondinterchange(TDI).T

heseinterchangesarecommoninU.S.duetotheiracceptablesafetylevelandoperationalperforma

nce(Jonesetal.2003).Analyticalmodelsofcapacityanddelaysandsimulationoutputsrevealedthat

SPUIwithfrontageroad(SPUI-

F)islessefficientthanTDIindelayoperationalperformance,however,TDIissuperiorfortransferring

heavyvehicles.QueuelengthadvancementisfasterinSPUI,andresultsinearlierseverecongestion.

ThesefindingsstilldonotaborttheadvantageofSPUIspecialgeometrywhichenablesdualleftturns

andspecificallyitsefficiencyofheavyvehiclesleftturnsscenarios. 

ThefewerconflictpointsofSPUImightimplyinsupplementaltrafficsafetyadvantage. 

Selectionofinterchange,gradeseparation,andintersectionbasedonclassificationofintersectingh

ighways 
 

IRC(2017)recommendsonthefeasibilityofcompleteinterchangesalongruralandurbancorridorsa

spresentedinTable1.Theguidelinesdonotspecifywhethertheinterchangeissysteminterchangeo

rminor(access)interchange,neitherproposeadifferenttransportationsolutionratherthaninterc

hange.Theroadcategoryofurbanandruralcorridorobtainsidenticalrecommendationineachcell,
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suchthatonetablecoversbothroadtypology. 

Table 1: Guiding principles for assessing the feasibility of complete interchanges along 

rural and urban corridor (IRC 2017). 

RoadTypology Rural:ODR/

MDR 

Urban: 

Collector. 

Rural:State

Highway 

Urban:Sub- 

Arterial. 

Rural:National

Highway. 

Urban: 

Arterial. 

Rural: 

Expressway. 

 
Urban: 

Expressway. 

Rural:ODR/MDR. 

 
Urban:Collector. 

Highlynotrecom

mended 

NotRecommend

ed 

Generallynotrec

ommended 

Recommendedb

asedonsitecondi

tion. 

Rural:StateHighway

. 

Urban:Sub- 

Arterial. 

NotRecommende

d 

Generallynotrec

ommended 

Recommendedb

asedonsitecondi

tion. 

GenerallyRecom

mended 

Rural:National

Highway. 

Urban:Arterial. 

Generallynotreco

mmended 

Recommendedb

asedonsitecondi

tion. 

Generally

Recommended 

Recommended 

Rural: 

Expressway. 
 
Urban: 

Expressway. 

Recommendedba

sedonsiteconditio

n. 

GenerallyRecom

mended 

Recommended HighlyRecomme

nded 

 

ODR:OtherDistrictRoad;MDR:MajorDistrictRoad. 

 
Table2presentsamoredelegateguidetotheselectionofinterchange,gradeseparation,andinters

ectionbasedonroads'classification(TAC2017).InCanadianhighwaydesignguidelinesifinterchan

geisrecommendedthereisnospecification,whethertheinterchangeissysteminterchangeormin

or(access)interchange.Expresswaysareurbanfreeways. 

Arterialsintheinterurbansystemaremajorhighwaysorregionalhighways.Theruralandurbancorr

idorscouldincludetheroadcategories:local,collector,arterial,andfreeway. 

Table2:Selectionofinterchange,gradeseparation,andintersectionbasedonroads'classificatio

n(basedonTAC2017). 
 

IntersectingRoad ConsiderationBasedonClassification 
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 Rural Urban 

Freeway/Freeway (A)Interchangeinallcases. (A)Interchangeinallcases. 

Freeway/Expressway Variesbyjurisdiction (A)Interchangeinallcases. 

Freeway/Arterial (B)Normallyinterchange,but

onlygradeseparationwheretr

afficvolumeislight. 

(C)Normallyinterchange,but

onlygradeseparationwherein

terchangespacingistooclose. 

IntersectingRoad ConsiderationBasedonClassification 

 Rural Urban 

Freeway/Collectororlocal (D)Normallygradeseparation

oralternativelythecollector/l

ocalmaybeclosed. 

(E)Normallygradeseparation,

butaninterchangemaybejusti

fiedto:(1)relievecongestion,o

r 

(2)servehighdensitytrafficgen

erators. 

   

Expressway/Expressway Variesbyjurisdiction (A)Interchangeinallcases. 

Expressway/Arterial Variesbyjurisdiction (F)Normallyinterchangeorinte

rsection(refertoCorG). 

Expressway/Collectororl

ocal 

Variesbyjurisdiction (G)Normallygradeseparation

,butanintersectionmaybejus

tifiedto:(1)relievecongestion

,or 

(2)servehighdensitytrafficgen

erators. 

   

Arterial/Arterial (H)Normallyintersection,but

aninterchangemaybejustifie

dwhere:(1)capacitylimitation

causesseriousdelay,or(2)inju

ryandfatalityratesarehigh,or(

3)onearterialmaybeupgrade

dtoafreewayinthefuture. 

(H)Normallyintersection,but

aninterchangemaybejustifie

dwhere:(1)capacitylimitation

causesseriousdelay,or(2)inju

ryandfatalityratesarehigh,or(

3)onearterialmaybeupgrade

dtoafreewayinthefuture. 
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Arterial/Collectororlocal (I)Normallyintersectionoralt

ernativelythecollector/local

maybeclosed. 

(H)Normallyintersection,but

aninterchangemaybejustifie

dwhere:(1)capacitylimitation

causesseriousdelay,or(2)inju

ryandfatalityratesarehigh,or(

3)onearterialmaybeupgrade

dtoafreewayinthefuture.OR 

(I)Normallyintersectionor 

IntersectingRoad ConsiderationBasedonClassification 

 Rural Urban 

  alternativelythecollec

tor/localmaybeclosed. 

   

Collectororlocal/Collectoror

Local 

(J)Normallyintersectionora

lternatively,oneroadmaybe

closed. 

(J)Normallyintersectionora

lternatively,oneroadmaybe

closed. 

 

AASHTO(2018)presentsseveralinterchangetypesthatareadaptableonfreewaysandthepossible

classificationofintersectinghighwaysinruralsuburbanandurbanzones(Figure1).Theinterchang

etypeclarifieswhethertherecommendedinterchangeissysteminterchange(ifbothintersectingh

ighwaysarefreeways)orminor(access)interchangesuchascloverleafordiamondorintegratedbe

tweenthetwo(iftheminorintersectinghighwayisarterialorcollectororlocal). 

INTERCHANGECLASSIFICATIONS 
 

Thereisavarietyofinterchangetypesoptionsforthehighwayengineer.Theclassificationoftheinte

rsectinghighwaysisaprimefactorintheselectionofthemostsuitableinterchange. 

Theconventionalcriteriaforinterchangeclassificationare:(1)Numberoflegs;(2)Functionalitylev

elinthehighwaysystem;(3)Partialitylevel. 

 

Additionalfactorsforselectingthemostappropriateinterchangeare:systemsconsiderationsandd

esignconsistency,adjacentlanduse,designspeed,trafficvolumeandtrafficcomposition,trafficco

ntroldevices,topography,rightofwayandpropertyrequirements,andenvironmentalconsiderati
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ons(TACATC2017).Thesefactorsaffecttheconventionalcriteriapresentedasfollows. 
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Figure1:Adaptabilityofinterchangesonfreewaysasrelatedtotypesofintersecting facilities 

(AASHTO 2018). 

Numberoflegs 
 

Thebasicconfigurationofaninterchangeisdeterminedbythenumberoflegsintersectingtheinter

change: 

Interchangeswith3legs:oneoftheintersectinghighwaysendsintheinterchange.Interchangeswit

h4legs:twohighwaysarecontinuousonbothsidesoftheinterchange. 

Interchangeswithmorethan4legs(notrecommended):morethantwohighwaysintersectinthei

nterchange.Thegeometricalsolutionofthisinterchangetypeisunique,generallybyintegratinga

configurationfromprevioustypes(3and4legs). 
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Partiality 
 

Aninterchangecanbepartialorfull,basedontheavailabletrafficmovements. 
 

Apartialinterchangeenablessomeofthetrafficmovementsbetweentheinterchangelegs,suchth

atpairsofspecificmovementsandreversedonesareapplicable. 

Afullinterchangeenablestrafficmovementsfromeverylegtoallotherlegs. 
 

Interchangefunctionalclassification 
 

Therearetwotypesofinterchangeswithdifferentfunctionalclassification: 
 

Access(orminororservice)interchange:Interchangethatconnectshighwayswhileatleastoneoft

heintersectinghighwaysisnotfullyinterchanged.Theminorhighwayhaspartialaccesscontroland

thereforeincludesacertainlevelofaccessibility.Itenablesnongrade-

separatedconnectionsfromtheramps,i.e.rampswithsignalizedintersections.Therampedgefun

ctionsasalegofanintersection(signalizedorunsignalizedorroundabout). 

System(ormajor)interchange:Interchangethatconnectstwofullyinterchangedhighways(fullac

cesscontrolhighways)i.e.highwayswithoutintersections.Allrampsinasysteminterchangebegin

orendwithrampterminalsandnotwithintersections.Therampsofsysteminterchangedarefullydi

rectionalorsemi-

directionalandthereforedesignedforahighleveloftrafficflowandhigherdesignspeedsthanramp

sofaserviceinterchange. 

Thedifferencebetweenaccessandsysteminterchangeimpactstheselectedinterchangeconfigur

ationandramptypes. 

Constructionconsiderations 
 

Itappearsthatanintermediatestageofconstructionwouldinquireapartialdesignoftherampswhil

etheiredgesconnecttoanintersectionandnottoarampterminalduetobudgetconstraints,rightof

way,andzoneconstraints.Suchinterchangecanstillfunctionasasysteminterchangeeventhoughs

omerampscharacterizeaserviceinterchange. 

ThemajorconfigurationsbasedonthenumberoflegsandfunctionalityarepresentedinTable3.Exa

mplesaregiveninFigure2,andFigures3a,3b.Eachconfigurationcouldhaveadifferentversionora

mixedversionofseveralconfigurations(anintegratedinterchange)basedondesignconsideration

s,andotherconstraintsthatthehighwayengineermighttakeintoaccount. 
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Table3:Majorconfigurationsofinterchangesbasedonthenumberoflegsandfunctionality. 
 

Interchangeclassificatio

n 

Threelegsintersection Fourlegintersection 

Systeminterchange Directinterchange(T,Y(fork)),Trumpet

,pear. 

Directinterchange(fullyorpartial),

windmill,fullcloverleaf(parclo). 

Serviceinterchange Twithintersection,halfdiamond Diamond,Partialcloverleaf(

parclo),twolevelrotary. 

 
 

Figure2:Examplesof3-leginterchangecomponents(Tinterchange). 
 

 

Figure3a:Exampleof4-legserviceinterchangecomponents(diamondwithdiagonalramps). 
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Figure3b:Exampleof4-legserviceinterchangecomponentswithloopramps. 

 
A SYSTEMATICAL WARRANT FOR 

INTERCHANGECONSTRUCTION:HIGHWAYCLASSIFICATIONANDA

CCESSCONTROL 
 

Thebasiccriterionwhichdeterminestherequisiteofinterchangeconstructionistheclassification

ofintersectinghighwaysincludingtheircorrespondinglevelofaccesscontrol.Thedecisionofimple

mentingfullaccesscontrol,specifically,constructionofafreewayorfullyinterchangedhighwaysig

nifiesawarrantforgradeseparationoraninterchange,betweenintersectinghighways. 

Table4indicatestheaccesscontroltypeofintersectinghighwayszonebasedonIsraelInterchange

designguidelines(Bassan2022),basicallybetweeninterurbanhighwaysorbetweenaninterurba

nhighwayandurbanarterial.Thistablerepresentsthefinalstageofconstruction.Themajorconsid

erationsforgeneratingTable4aremobilityandaccessibilityinthehighwaynetwork.Itsoutcomeis

partiallybasedonTable4(TAC2017)andFigure1(AASHTO2018)butreferstohighways'classificati

oninIsrael(Bassanetal.2015)andprovidesmoreinformationandflexibilitytothehighwayengine

erinselectingthehighwaycontroltype. 

TheaccesscontroltypeofintersectinghighwayszoneaccordingtoIsraelihighwaydesignguideline

sare: 
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(1) System(major)interchange(A). 
 

(2) Service(access,minor)interchange(B). 
 

(3) Compactgrade-

separatedjunction(C):acompactinterchangewithlimitedzone,lowerdesigncriteria.Itisutilize

dforintersectingfullaccesscontrol(fullyinterchanged)highwayandminorroadwithlowhierarc

hy.Theminorintersectingroadusuallyincludesareducedtrafficvolume:10%ofthetrafficvolum

etravelingonthemajorintersectinghighway. 
 

 

Figure4:Compactgradeseparatedjunction. 
 

(4) Intersection(D) 
 

D1:Signalizedintersection. 
 

D2:Unsignalizedchannelizedintersection. 
 

D3:Unsignalizedintersectionwithtrafficsigns..D4:R

oundabout. 

(5) Gradeseparation(E):Crossingoftwohighwaysonseparatedgradeswithouttheoptionoftraf

ficpassingbetweenthem.Thegradeseparationcreatesunderpassandoverpasswithoutconnect

ingramps.Itmaintainssafetyandmobility. 
 

 

Figure5:Gradeseparation. 
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(6) Connectiontoserviceroad(F):Theminorroadisdisconnectedfromtheinterchangedhighw

aybecauseithaslocalaccesspurposesonly. 
 

 

Figure6:Connectiontoserviceroad. 
 

Table4:Recommendedaccesscontroltypeofintersectinghighwayszoneinfinalstagebasedonh

ighwayclassification. 
 

HighwayCate

gory(1) 

Freeway  

Freeway A UrbanFree

way 

 

UrbanFreewa

y 

A A MajorHi

ghway 

 

MajorHighwa

y(2,3) 

AorB AorB B Minor(Regio

nal)Highway 

 

Minor(Region

al)Highway 

BorE BorE BorCorD1orD

2withrighttur

ningroadway 

B(4)orCorD(D

1,D2,D4) 

Localand

accessroa

d 

Localandacc

essroad(low

-

volumeroad

s) 

EorF EorF CorD2withri

ghtturningro

adwayorF 

CorD(D1,D2,

D4) 

D(D2,D3,D4) 

UrbanA

rterial 

E BorE BorD1 BorD(D1,,D4) D 

ClarificationstoTable4: 



14 

 

 

(1) HighwayclassificationscharacteristicsarepresentedinIsraelCountryReport(Bassanetal.2015)

. 

(2) Majorhighwayisalwaysdivided(2-way)initsfinalstageofconstruction. 

 
(3) Designspeedof110km/hour(ortargetspeedof100km/hour)necessitatesfullyinterchangedmajordi

videdhighway(byAorBorC).Intersectingzonetypeofbothmajorhighwayswouldbeserviceinterchan

ge(B)infinalstageofconstructionandsignalizedintersection(D)inintermediatestageofconstruction. 

(4) Assumingbothregionalhighwaysaredivided(two-way)inthefinalstageofconstruction. 
 

SYSTEMCONSIDERATIONSOFCOMPACTGRADESEPARATEDJUNCTION(CGSJ)O

NMAJORHIGHWAYS 
 

Major(divided)highwayshaveanimportantroleintheinterurbanhighwaysystem.Thehighway

transfersconsiderablyhightrafficvolumesbutenableslimitedaccesstoadjacentland-

useandsuburbanareas. 

Ingeneral,theaccesstothemajorhighwayisimplementedbysignalizedintersectionsorun-

signalizedintersectionsorbysolitaryrightturnsorbycompactgradeseparatedjunctions. 

Employingmultipleintersectionswithleftturnsalongthemajorhighwaymightinfluencetrafficflo

wbycausingdelaystothepassinginterurbantrafficandsafetydifficulties.Safetyissuescouldengag

eside-

frontvehiclecrashes,andpedestrianinjurieswhilecrossingtheintersectioninordertoreachabus-

stop.Also,adecreaseofairpollutioncanbegainedduetowaitingtimeofnon-

electricvehiclesinreducednumberofsignalizedintersectionsalongthehighwaycorridor. 

Typicalsolutionsforalleviatingtrafficflowandsafetycouldbeasfollows: 
 

1) Implementingcompactgradeseparatedjunctions(CGSGs). 
 

2) Supplementingserviceroadsbetweenintersectionswhichareconnectedtoresidentialorco

mmercialareas. 

3) IntegrationofCGSJsandservice(frontage)roadsbyprovidingaccesstoland-

useandasaresult,connectingserviceroadstoCGSJsandconvertingotheradjacent(full)interse

ctionstosolitaryrightturnintersections.Thehighwayengineercouldthereforeconsiderimple

mentingCJSJ(i.e.withgradeseparation)insteadoftheat-

gradeexistingnearbyintersectionswhichnecessitateleftturnmovements. 
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4) Applyingsignalizedintersectionswithrelativelydistantspacings(above2.0kilometers)andc

onvertingotheradjacentintersections(whicharelocatedbetweenthesignalizedintersectio

ns)tosolitaryrightturnintersections.Moreover,access(minor)roads,couldbephysicallysep

aratedfromthemajorhighwaybyconnectingthemtoserviceroads. 

Figure7presentsaschematicsolutionofimprovingtrafficflowalongthemajor(two-

way)dividedhighway.Accordingtothistypicalexampletwocentralintersectionswereconvertedt

oCGSJwithaserviceroadwhichisconnectedtotheminorroads.Twoexternalintersectionswereco

nvertedtoright-

turns'intersectionswithpedestrianoverpassorunderpass.Theadditivetravellengthforarrivaltot

heaccessroads(leadingtoresidentialorcommercialzone)canbe6kilometers(3kilometersplus3ki

lometersbackandforthrespectively)orequivalently4.5minutesoftravelingintargetspeedof80k

m/hour(Bassan2016).Thetrafficdelaysofpassingtheinnerwithdrawnintersectionsshouldbered

ucedaccordinglyfromtheadditivetraveltime. 

OPERATIONALANDSAFETYINSIGHTS 
 

Thecapacityandtrafficoperationlimitationsofsignalizedintersectionareadominantwarranttoc

onvertittoaninterchangeortoacompactgradeseparatedjunction(CGSJ).WhentheLOSofcertain

movementswithintheintersectionbecomesEofFandmostfocusedtrafficengineeringandsafetyi

mprovementshavebeenexamined(suchasaddinglanes,separationofrightturns,staggeredinter

sectionetc.),theimplementationofCGSJorinterchangemightbeconsidered. 

Potentialdelays,conflictsofcrossingmovementsandleftturnmaneuvers,andcollisionsinhighvolu

meat-

gradeintersectionsmightincurcostsintermsofwaitingtime,operatingandmaintenancevehicleco

sts(fuel,tires,repairs,vehiclewear)andparticularlytrafficaccidents.Theconversiontoanintercha

ngeortoCGSJhasacertainconstructioncostbutshouldimpactthecostsduereductionofdelaysandi

nterruptiontotrafficflow,reductionofacceleration,decelerationandbrakingmaneuvers,andred

uctionofcollisiondamageandfatalities.Thetraveldistanceisusuallyhigherinaninterchange,howe

ver,reductionofdelayscompromisesonthisissue. 

Asfarasinterchangeispreferred,theinterchangespacinginfluencestheoperationalandsafetyper

formanceofhighwaysystem.Freewaycollisionratesmightalsoincreaseasinterchangespacingde

creases,especiallyinthesuburbanandurbanareas.Sufficientinterchangespacingshouldbedeter

minedbythedistancerequiredforweavingmaneuvers,speedchangelanes,(auxiliarylanes),andt

heapplicableplacementofdirectionalandmessagesigns. 
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Adetailedeconomicanalysisenablestodeterminetheoptimalstagesofconstructionofanewinterc

hange.AninterchangeandalsoCGSJmaybeamorecosteffectivealternativethanasignalizedinters

ectioninreplacinganon-signalizedintersectionundertypicalruralorsuburbanhighwayconditions. 
 

 

Figure7:Typicalexampleofsystemimprovementsoftrafficflowalongamajor(two-

waydivided)highwaywithcompactgradeseparatedjunction. 

SUMMARYANDCONCLUSION 
 

Thepaperpresentscriteriaofinterchangeclassificationsuchasnumberoflegs,functionalitylevelin

thehighwaysystemandpartialitylevel.Theseprinciplesareutilizedtogenerateasystematicalwarr

antforinterchangeconstruction.Thisqualitativewarrantwhichisrelatedtohighwayclassificationa

ndaccesstrafficcontrol,indicateswhichaccesscontroltypes(oftheintersectinghighways'zone)ar

esuitableforaspecificcategoryoftwocrossinghighwaysintheinterchange. 

Theproposedaccesstrafficcontrolsolutionsare:(A)System(major)interchange,(B)Servic

e(access,minor)interchange,(C)Compactgrade-

separatedjunction(CGSJ),(D)Intersection,(E)Gradeseparationand(F)Connectiontoservi

ceroad. 
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Afteranappropriateaccesscontrolsolutionisdetermined(particularlytheselectionbetweenanin

terchange,CGSJ,orsignalizedintersection),thehighwayengineershouldevaluateseveralalternat

iveconfigurationsolutionsanddecideonthemostfeasibleonebasedonoperation(trafficflow),saf

ety,andeconomicconsiderations. 

ThepaperalsodiscussessystemconsiderationsofCGSJonmajorhighways.Dissolutionoftheinters

ectionbyCGSJorinterchangewillalleviatetrafficflowonthemajorhighwaybyrecoveringtheconfli

ctsofcrossingmovementsandleftturnmaneuvers.Onheavilytraffickedruralhighways,particular

lyaccompaniedbyland-

usedevelopment,collisionratescannotbereducedbyfocusedgeometricorbytrafficcontrolimpr

ovementsoftheintersection.InsuchcasesCGSJ(relativelyinferiorinterchange)mightbepreferre

dduetolowerconstructioncostthanaconventionalinterchange. 

Overall,geometricdesignandtrafficengineeringprinciplesaswellasfreewaysystemconsideration

ssuchas:maintainingsingleexitfromeachdirectionoftravel,maintainingexitsandentriesfromther

ight,maintainingappropriatesightdistancefordriversapproachingtheinterchange(Bassan2022),

keepingbasiclanesandlanebalancecriteria,properdesignof:weavingsections,accelerationandd

ecelerationlanes'length,ramps'influencezones(merge/diverge),consistencyofinterchangecom

ponents,andavoidingchanginglanesforcontinuingthethroughroute(i.e.routecontinuity(Leisch1

977,Kozlovsky2019))arecrucialfortheoperationalandsafetyperformanceofinterchangesinthehi

ghwaysystem.Alsoroadsafetyaudits(RSAs)duringpreliminaryanddetaileddesignstagesmightim

provethedesignofsimple(minor(service))ormajor(system)interchangesandcomplexinterchang

esasanintegralpartoftheinterurbanhighwaysystem. 
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