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IntroductIon

Background

theconceptofperpetualpavementswasintroducedin2000bytheAsphaltpavement
Alliance(ApA).theydefinedaperpetualpavementas“anasphaltpavementdesigned
andbuilttolastlongerthan50yearswithoutrequiringmajorstructuralrehabilitation
orreconstruction,andneedingonlyperiodicsurfacerenewalinresponsetodistresses
confinedtothetopofthepavement”(APA, 2002).Atthattime,itwasrecognizedthat
manywell-built,thickasphaltpavementsthatwerecategorizedaseitherfull-depthor
deep-strengthpavementshadbeen inservice fordecadeswithonlyminorperiodic
surfacerehabilitationtoremovedefectsandimproveridequality.theadvantagesof
suchpavementsinclude:

1.lowlife-cyclecostbyavoidingdeeppavementrepairsorreconstruction,
2. lowuser-delaycostssinceminorsurfacerehabilitationofasphaltpavements

 onlyrequiresshortworkwindowsthatcanavoidpeaktraffichours,and

3. lowenvironmentalimpactbyreducingtheamountofmaterialresources
 overthepavement’slifeandrecyclinganymaterialsremovedfromthe 
 pavement surface.

Asomewhatunifiedapproachtodesigningperpetualpavementswasadoptedbya
number of experts (Thompson and Carpenter, 2004; Timm and Newcomb, 2006)based
onmechanistic-empiricalconceptsoriginallyproposedbymonismith(1992)inthede-
signofthei-710freewayincalifornia.thepremisetothisapproachwasthatpavement
distresseswithdeepstructuraloriginscouldbeavoidedifpavementresponsessuchas
stresses,strains,anddeflectionscouldbekeptbelowthresholdswherethedistresses
begintooccur.thus,anasphaltpavementcouldbedesignedforanindefinitestructural
lifebydesigningfortheheaviestvehicleswithoutbeingoverlyconservative.

thiscontraststoempiricalmethodsthatpredatedtheperpetualpavementdesign
approach.inthosedesignprocedures,greatervolumesofheavyvehiclesresultedin
greaterpavementthickness.thiswasduelargelytothewaytheseempiricalmethods
weredeveloped.Forinstance,the1993AmericanAssociationofstatehighwayand
transportationOfficials(AAshtO)GuidefortheDesignofpavementstructureswas
basedontheresultsofaroadtestconductedfrom1958to1961.inthisstudy,pave-
mentsweresubjectedto1millionaxleloadapplications,andfailuresweremonitored

Perpetual Pavement is “an asphalt pavement designed and built 
to last longer than 50 years without requiring 

major structural rehabilitation or reconstruction, 
and needing only periodic surface renewal 

in response to distresses confined to the top of the pavement.” 

n
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overtime.theheaviestsingleaxleloadusedattheAAshORoadtest(30,000lb)applied
about8millionequivalentsingleaxleloads(esAl)(18,000lbequivalents)tothethick-
estasphaltsection.sincethattime,pavementstructureshavebeendesignedforheavy
trafficvolumesthatexceedthe8millionesAllevelby25times,thusforcingpavement
designerstoextrapolatetheroadtestresultsfarbeyondtheconditionsforwhichthey
weredeveloped.theresultofthisextrapolationwasever-increasingthicknesswithtraffic
volume,insteadofrecognizingthepavementthicknessatwhichtheheaviestloadscould
besustainedwithoutadditionalstructure.thus,theideaofperpetualpavementscame
intoexistenceasmuchtopreventover-designastoprovidealong-lifestructure.

sincethetimeoftheintroductionofperpetualpavementsin2000,someoftheim-
portantmilestoneshavebeen:

ntheAsphaltpavementAlliancehaspresented69perpetualpavementawards 
 from2001to2009.

ntheinternationalsocietyforAsphaltpavementsdedicatedaspecialsessionto 
 perpetualpavementsin2002.

nthreeinternationalconferenceshavebeenheldonthetopic,oneatAuburn 
 Universityin2004andtheothersatOhioUniversityin2006and2009.

nthetransportationResearchBoardheldaworkshopsessiononperpetual 
 pavementsin2001.

The Arkansas State Highway and Transportation Department received a 2009 
Perpetual Pavement Award for Highway 134-North, Miller County, US 71, 
Section 2.
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ntheFederationofeuropeanhighwayandRoadlaboratories(FehRl)has 
 undertakenaseriesofeffortstodefinelong-lifepavements(Ferne and Nunn,   

 2004; Ferne, 2006).

nthreemajornationalstudiesonperpetualpavementswereinitiatedthrough 
 the National Cooperative Highway Research Program (NCHRP).

nstatestudiesonperpetualpavementshavebeenorarecurrentlybeing 
 conductedinKansas(Romanoschi et al., 2006), Ohio (Sargand et al., 2006),   

 Wisconsin (Crovetti et al., 2008), Pennsylvania (Solaimanian et al., 2006),   

 Oklahoma (Gierhart, 2008), Texas (Scullion, 2006), Michigan (Von Quintus,   

 2001b; Von Quintus and Tam, 2001), New Mexico (TRB, 2009), Illinois   

 (Thomson and Carpenter, 2004), Washington (Mahoney, 2001),andcalifornia 
 (Monismith et al., 2009).

nperpetualpavementdesignworkshopshavebeenheldinOhio,Kansas, 
 Oregon,colorado,texas,minnesota,tennessee,Georgia,hawaii,Wisconsin, 
 Oklahoma,andindiana.

n The National Center for Asphalt Technology (NCAT) Test Track has pavement   

 testsectionsdesignedasperpetualpavementswhichareinstrumentedto 
 validatethedesignconcepts.

ntwopavementdesigncomputerprogramsspecificallyforperpetualpavements 
 havebeendevelopedatAuburnUniversity.

ntheconceptoftheendurancelimithasbeenincorporatedinthenew  
 AmericanAssociationofstatehighwayandtransportationOfficials(AAshtO) 
 mechanistic-empiricalpavementDesignGuide(mepDG)(AAshtO,2008).

statedepartmentsoftransportationandlocalagenciesareconsideringmethodsto
incorporatetheconceptsofperpetualpavementdesignintotheirassetmanagement
strategiestomorewiselyspendtheirinfrastructurefunds.

Objectives
thisdocumentaimsto:

1.capturetheactivitiesthathavetakenplaceoverthepastdecade.

2.synthesizetheinformationinawayusefultoprovidingguidancefor  
 perpetualpavementdesignandconstruction.

3.provideavisionforfurtherresearchanddevelopmenttorefine   
 Perpetual Pavements.

Scope
thissynthesisbeginswithadiscussionofperpetualpavementdesignforbothnew

andrehabilitationdesigns.thisisfollowedbyasummaryofmaterialcharacteristicsto
beconsideredindesignandperformance.constructionpracticesarereviewed,followed
byadiscussionontheperformanceoflong-lastingasphaltpavements.
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desIgn
n

Overview

pavementengineershavebeenproducinglong-lastingasphaltpavementssincethe
1960s.Researchhasshownthatwell-constructedandwell-designedflexiblepavements
canperformforextendedperiodsoftime(Mahoney, 2001; Harvey et al., 2004). Many of 

thesepavementsinthepastfortyyearsweretheproductsoffull-depthordeep-strength
asphaltpavementdesigns,andbothhavedesignphilosophiesthathavebeenshown
toprovideadequatestrengthoverextendedlifecycles(APA, 2002). It is significant that 

thesepavementshaveenduredanunprecedentedamountoftrafficgrowth.Forinstance,
from1970to1998,theaveragedailyton-milesoffreightincreasedby580percent,andthe
averagefreightloadingcontinuestoincrease2.7percentperyear(D’Angelo et al., 2004). 

AsthedemandonexistingpavementsintheU.s. increaseswithpotentiallyminimal
fundingforexpansionandrehabilitation,efficientdesignofnewandrehabilitatedsections

The Kentucky Transportation Cabinet received a 2009 Perpetual Pavement 
Award for Louisville-Tennessee Road, I-65, Hart County.
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throughperpetualpavementdesignwillbecomeincreasinglyimportant.congestionon
theexistingsystemisatapointthatrequirespavementsthatcanbemaintainedwith
minimaldisruptionoftraffic.

Full-depthpavementsareconstructedbyplacingasphaltlayersonmodifiedorun-
modifiedsoilorsubgradematerial.Deep-strengthpavementsconsistofasphaltlayers
ontopofathingranularbase.Bothofthesedesignscenariosallowpavementengineers
toemployathinnertotalpavementsectionthanifathickgranularbasewereused.By
reducingthepotentialforfatiguecrackingandconfiningcrackingtotheupperremov-
able/replaceablelayers,manyofthesepavementshavefarexceededtheirdesignlife
of20yearswithminimalrehabilitation;therefore,theyareconsideredtobesuperior
pavements (APA, 2002).

pavementswhichareeitherunder-designedorpoorlyconstructedexhibitstructural
distresses,suchasfatiguecrackingandrutting (Mahoney, 2001),beforetheirdesign
life isachieved.thesuccessesseen in the full-depthanddeep-strengthpavements
aretheresultsofdesigningandconstructingpavementsthatresistthesedetriments
tothepavement’sstructure.inrecentyears,pavementengineershavebeguntoadopt

...pavement engineers have begun to adopt 
a methodology of designing pavements 

to resist bottom-up fatigue cracking 
and deep structural rutting, 

the two most devastating pavement distresses,
and through this change in thinking 

the idea of Perpetual Pavements 
or long-lasting pavements has evolved.

amethodologyofdesigningpavementstoresistbottom-upfatiguecrackinganddeep
structuralrutting,thetwomostdevastatingpavementdistresses,andthroughthischange
inthinkingtheideaofperpetualpavementsorlong-lastingpavementshasevolved.

theapproachtothedesignoflong-lifeorperpetualpavementsrequiresadifferent
strategythanthatwhichhasnormallybeenappliedtopavementdesigninthepast.em-
piricalpavementdesignmustrelyonrelationshipsbetweenobservationsofpavement
performance,ascalethatrepresentstraffic,somegrossindicatorofmaterialqualitysuch
asastructuralcoefficient,andthethicknessofthelayers.Foragivenlevelofmaterial
quality,thethicknessofthepavementincreaseswithincreasingtraffic.however,there
comesapointbeyondwhichthethicknessofthepavementismorethanadequateforthe
heaviestloadsexpectedandanyadditionalpavementresultsinanoverly-conservative
crosssectionandanunnecessaryaddedcost.inadditiontobeingextravagantfrom
acoststandpoint,suchanoveruseofresourcesdoesnotfitwithinanenvironmental
sustainability framework. As a case in point, Huber et al. (2009)foundthatthe1993
AAshtOpavementdesignguide(AASHTO, 1993)typicallyover-designedpavements
inindianaby1.5to4.5incheswhichamountstoapproximately600to1800tonsof
materialperlane-milebeyondwhatisneeded.
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Abetterapproachtothedesignofperpetualpavementsisthemechanistic-empirical
method.thisapproachusestheelementsofarationalengineeringanalysisofthereac-
tionofthepavementintermsofstresses,strains,anddisplacementsinthecontextof
thepavement’sexpectedlife.Aflowchartshowingatypicalmechanistic-empiricaldesign
approach is shown in Figure 1. This is an iterative approach in which the pavement 

responseintermsofstresses,strains,ordeflectionsisusedtoestimatetheallowable
numberofloadstofailure(n

f
)foragivenconditionofloadingandmaterialproperties.

theactualnumberofanticipatedtrafficloads(n)isdividedbyn
f
todefinethedegree

ofdamage(D).thepointatwhichthedamageequalsoneisconsideredfailure.this
wasoriginallydefinedbyminer(1959) asawayofdescribingmetalfatigue.inmany
cases,engineersconsiderpavementfailuretooccurateither20%fatiguecrackinginthe
wheelpathor0.5inchesofrutting(Von Quintus, 2001a).currently,thereareexistingm-e

Figure 1.simplifiedFlowchartform-eDesign
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pavementdesignmethodologies (AI, 1982; Monismith, 1992; KTC, 2007; Timm et al., 

1998),butasthenewm-epavementDesignGuide(mepDG)isbeingcompletedand
implemented,moreattentionisbeingspentonpropermaterialandpavementresponse
characterization (Timm and Priest, 2006).inperpetualpavementdesign,therearelimit-
ingstrainsbelowwhichdamagedoesnotoccur,andthusdamageisnotaccumulated.
thisconceptisillustratedinFigure2.

mostpavementengineersintheU.s.approachtheideaofperpetualpavementswith
a50yearstructuraldesign life inmind.however,while thestructural integrityof the
pavementshouldbeintactduringtheentiretyofthepavement’slife,periodicresurfacing
generallyneedstooccurwithin20yearstoimprovefriction,reducenoise,andmitigate
surface cracking (Newcomb et al., 2001). The basic concept of a Perpetual Pavement is 

illustratedinFigure3.Whiletheimportanceofproperdesignforalong-lastingpavement

Figure 2.simplifiedFlowchartofperpetualpavementDesign
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mustberecognized,onemustalsounderstandthatdesign life isa functionof the
designrequirements,materialcharacteristics,constructionpractices,layerthicknesses,
maintenanceactivities,andthefailurecriterion.

Ferne (2006) expandedupon this ideabysayinga“long-lifepavement isawell-
designedandconstructedpavementthatcouldlastindefinitelywithoutdeteriorationin
thestructuralelementsprovideditisnotoverlookedandtheappropriatemaintenance
iscarriedout.”pavementperformance ismorethana functionofdesign.trafficking,
climate,subgradeandpavementparameters(suchasmodulus),pavementmaterials,
construction,andmaintenancelevelsallcontributetohowapavementwillperformover
the course of its life (Von Quintus, 2001a; Walubita et al., 2008).

Assumingthatpavementswillbeconstructedadequately,engineersapproachdesign-
ing Perpetual Pavements using the following philosophy (Walubita et al., 2008; Merrill 

et al., 2006):
n perpetualpavementsmusthaveenoughstructuralintegrityandthicknessto
 precludedistressessuchasfatiguecracking,permanentdeformation,and 

 structural rutting.

n perpetualpavementsmustbedurableenoughtoresistdamagefromtraffic 
 (suchasabrasion)andtheenvironment.

“long-life pavement is a well-designed 
and constructed pavement that could last indefinitely 

without deterioration in the structural elements 
provided it is not overlooked and 

the appropriate maintenance is carried out.”

Figure 3. Perpetual Pavement Design Concept 

(Newcomb et al, 2000)
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Whileonemightthinkpavementsdesignedtolastlongerwouldincurmoreorhave
higherinitialcoststhanpavementswithshorterlife-cycles,ithasbeenshownthatper-
petual Pavements have the following benefits (Timm and Newcomb, 2006):

ntheyprovideamoreefficientdesign,eliminatingcostlyoverlyconservative 
 pavement sections.

ntheyeliminatereconstructioncostsbynotexceedingapavement’sstructural 
 capacity.

ntheylowerrehabilitation-induceduserdelaycosts.
ntheyreduceuseofnon-renewableresourceslikeaggregatesandasphalt.
ntheydiminishenergycostswhilethepavementisinservice.
ntheyreducethelife-cyclecostsofthepavementnetwork.

inordertoprovidetheaboveadvantages, it isnecessarytoknowwhatthickness
ofpavementsectionwillsupporttheheaviestanticipatedtrafficloadswithoutgrossly
over-designingthepavement.Researchhasshownthatthiscanbeidentifiedmecha-
nisticallybyidentifyingthestresses,strains,ordisplacementsinastructurewhichare
lowenoughtoavoidtheinitiationofcrackingorruttingdeepinthepavementstructure.
thesethresholdsareoftenreferredtoaslimitingpavementresponses.

Limiting Pavement Responses

perpetualpavementdesignrequiresdefiningthepointincriticalpavementresponses
belowwhichstructuraldamagedoesnotaccumulate.practically,thismeansthatstruc-
turaldamageisconsideredtobezerobelowthispointinthem-edesignprocess.ifthe
pavementcanbedesignedsothatthevastmajorityofloadsexpectedproducestresses,
strains,ordisplacementslowerthanthosewhichwouldcausestructuraldamage,then
thedesigncanbesaid tobeaperpetualpavement.currently,mostapproaches to
perpetualpavementdesignfocusonpavementresponsesrelatedtostructuralrutting
andbottom-upfatiguecracking.

 

Structural Rutting

Structural rutting occurs when the overall strength of the pavement structure is such 

thatlargepermanentdeformationcantakeplaceeitherinthegranularbaseorsubgrade
undertheimposedtraffic.structuralruttingfailuresarerelativelyrareinmodernpavement
structures,butrequireveryexpensivemajorrehabilitationorreconstructionwhenthey
dooccur.studiesatthenationalcenterforAsphalttechnology(ncAt)pavementtest
Track (Brown et al., 2002)andbyRolt(2001)  have shown that thick pavement structures 

tendtopreventstructuralruttinginthesubgradeandlimitruttingtothesurfacelayers
ofthepavementstructure.thedifferencebetweenstructuralruttingandsurfacerutting
isthatsurfaceruttingisconfinedtotheupperfewinchesofthepavementandcanbe
remediedwithremovalandreplacementofthepavementsurface.

Harvey et al. (2004)andWalubitaetal.(2008)electedtousetheverticalcompressive
strainatthetopofthesubgradeasthelimitingdesignparameter.theirapproachwas
touseavalueof200me(microstrain)asthelimitingstrainforthesubgradecriterion.it
wasreasonedthatplasticdeformationinthelowerlayerswouldnotoccurifthecom-
pressivestraininthesubgradewaskeptbelowthisvalue.thisisachievedbyincreasing
either the thickness of the total pavement structure or the stiffness of one or more of 

the pavement layers.
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AdifferentapproachwasproposedbyresearchersattheUniversityofillinois(Beja-

rano et al., 1999; Bejarano and Thompson, 2001).theyusedtheratioofthesubgrade
stresstotheunconfinedcompressivestrengthofthesoil,knownasthesubgradestress
Ratio(ssR).theynotedthatforclaysoilsintheirstudy,thetransitionfromastabletoan
unstableconditionoccurredwhenthessRwasintherangeof0.50to0.60.Fordesign
purposes,theyrecommendusinganssRof0.42,althoughtheyacknowledgethatthis
ruttingcriterionisnotwellestablished.however,thisapproachallowsthedesignerto
accountforthestrengthofthesubgradeindeterminingthelimitingresponse.

Fatigue Cracking

Whenbottom-upfatiguecrackingoccursintheasphaltpavement,itmayeventually
propagate to the surface affecting all the layers of the pavement structure allowing water 

tochangethematerialpropertiesof theunboundmaterial layers.thisphenomenon
resultsinacceleratedsurfacedeterioration,pumping,andrutting.

Fatiguecrackingtypicallybeginsduetohighrepeatedstrainsatthebottomofan
asphaltlayerfromheavyloads(Huang, 1993). Research has shown that limiting the 

horizontal strains at the bottom of the asphalt base can help control fatigue cracking 

(Shook et al., 1982; AI, 1982).Aschematicofthefatiguecrackingmechanismdriven
bytensilestrainatthebaseoftheasphaltpavementisshowninFigure4.

Onewaytodecreasetheprobabilityofbottom-upfatiguecrackingistoincreasethe
thickness of the pavement structure. Thick pavements have been shown to limit crack-
ingtothesurfaceofpavementsbyreducingthemaximumstrainatthebottomofthe
asphalt pavement (APA, 2002; Merrill et al., 2006; Romanoshci, 2008; Al-Qadi et al, 2008; 

Newcomb et al., 2000; St. Martin et al., 2001).thelongitudinalstrainatthispavement
locationhasproventobecriticalinthinnerpavements,andinafully-bondedpavement,
it is always the location of highest tensile strain (Al-Qadi et al., 2008). 

ina2006surveyofacceleratedpavementtesting(Apt)facilitiesintheUnitedstates,
alargemajorityoftherespondingfacilitiesmeasuredhorizontalstrainatthebaseof
theasphaltlayertostudyfatiguelife(Willis, 2008).perpetualpavementprojectssuch
asthei-5inOregon (Estes, 2005; Sholz et al., 2006)andthemarquetteinterchangein
Wisconsin,haveincorporatedmeasuringstrainatthebaseoftheasphaltlayerintotheir
research (Hornyak et al., 2007).inOhio,U.s.30inWaynecountywasdesignedas16.25
inchesofasphaltoversixinchesofgranularbaseandwasinstrumentedtomeasure
displacements,strains,pressure, temperature,andmoistureaswellasgroundwater
level (Sargand et al., 2006; Laio and Sargand, 2009). 

Whenthetensilestrainatthebottomoftheasphaltlayerisreduced,thecriticalloca-
tionfortensilestrainsinpavementsisrelocatedfromthebaseofthepavementtothe
surfaceofthestructurewheretireinteractionandbinderagingcontributetohardened
andweakerwearingcoursesthatarepronetotop-downcracking(Mahoney, 2001; Rolt, 

2001).Atthispoint,sincethedistressesinthepavementareconfinedtothewearing
course, it is possible to avoid deep structural maintenance and focus on functional
maintenancesuchasskidresistanceandridequality(Ferne, 2006).toeradicatethe
surfacecracks,a“millandfill”maintenanceplanisappropriateforextendingthepave-
ment’s life (Mahoney, 2001).

monismithandmcclean(1972) concludedthattherewasastrainbelowwhichthere
isnofatiguedamage.thisissometimesreferredtoasthefatigueendurancelimit(Fel)
orthelimitingstraincriterion.evenbeforediscussionbeganonthedesignofperpetual
Pavements, Nishizawa et al. (1996)concludedthatfatiguecrackingdoesnotoccurwhen
thetensilestrainatthebottomoftheasphaltpavementisheldtolessthan200me,and
theysuggestedadesignvalueof150me. 
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Research at the NCAT Test Track (Willis et al., 2009) has shown that pavements can 

withstandbendingstrainsgreaterthan70to100me. In fact, Willis (2009)showedthat
thereisconsiderableconservatismassociatedwithlimitingstrainsinthisrange.Willisand
Timm (2009) postulatedthatadesignstraincouldbeselectedonthebasisoftheratio
ofcomputedpavementstrainstoafieldadjustedlaboratoryfatigueendurancelimit.in
thisapproach,amaximumfatigueratioatacertaincumulativepercentileofallexpected
strainscouldbeusedasadesignvalue.thus,ifonewantedtodesignthepavementat
a95percentconfidencelevel,thenthestrainatthispointwouldbedividedbytheFel.
theauthorsrecommendadesignstrainratioof2.45inthiscase.Forinstance,ifthe
laboratoryfatigueendurancelimitwasdeterminedtobe125me, then 95 percent of the 

anticipatedstrainsinthepavementshouldbelessthan307me(307/125=2.45).
theuseofperpetualpavementdesigninchinaprovidedanefficientmeansofdeal-

ingwithtrafficloadsthat,onaverage,aredoublethelegallimitintheU.s(Yang et al., 

2006).theseresearchersnotedthatinsteadofincreasingpavementthicknessunder
veryheavyloadsinchina,perpetualpavementdesignactuallyresultedinadecrease
from20to15inchesofasphaltbyeliminatingunnecessaryconservatismthroughthe
application of FEL of 125 meratherthan70me. 

Perpetual Pavement 
Design Approaches

thereareavarietyofpavementdesignapproachesthathavebeenadoptedtodevelop
perpetualpavementdesigns.thesehaveallinvolvedsomeaspectofm-edesigninan
efforttocharacterizeandminimizepavementdamage.

High Volume Pavements

Asthe ideaofperpetualpavementbegantogainmomentumin2000, itbecame
evidentthatm-edesignproceduresneededtobemodifiedtoadapttotheconcept.the

Figure4. Fatigue Cracking Schematic
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AsphaltpavementAllianceworkedwithAuburnUniversitytodevelopperRoad(Timm, 

2008),acomputeranalysisprogramusedtodesignperpetualpavementsusingthem-e
designphilosophy.theprogramcoupleslayeredelasticanalysiswithastatisticalanalysis
procedure(montecarlosimulation)toestimatestressesandstrainswithinapavement
(Timm and Newcomb, 2006).inordertopredictthestrainswhichwouldprovedetrimental
forfatiguecrackingorstructuralrutting,perRoadrequiresthefollowinginputs:

nseasonalpavementmoduliandannualcoefficientofvariation(cOv)
nseasonalresilientmoduliofunboundmaterialsandannualcOv
nthicknessofboundmaterialsandcOv
nthicknessofunboundmaterials
nloadspectrumfortraffic
n Location for pavement response analysis

nmagnitudeoflimitingpavementresponses
ntransferfunctionsforpavementresponsesexceedingtheuser-specifiedlevel 

 foraccumulatingdamage

perRoadgenerallyfollowsthem-edesignprocessdescribedinFigure2.themonte
Carlo simulation is simply a way of incorporating variability into the analysis to more 

realisticallycharacterizethepavementperformance.theoutputforperRoadconsists
ofanevaluationofthepercentageofloadrepetitionslowerthanthelimitingpavement
responsesspecifiedintheinput,anestimateoftheamountofdamageincurredper
singleaxleload,andaprojectedtimetowhentheaccumulateddamageisequalto0.1
(Recall,D=1.0isconsideredfailure).Onhighvolumepavements,thecriticalparameteris
thepercentageofloadrepetitionsbelowthelimitingstrains.itisgenerallyrecommended
thatthedesignerstriveforavalueof90percentormoreonhighvolumeroads.

californiaconstructedoneof thefirst intentionally-designedperpetualpavements
in theU.s.on the i-710 freewaynearlongBeach,california (Monismith and Long, 

1999a).thefull-depthasphaltportionsofthisprojectconsistedofatotalof12inches
ofasphaltmixandhada3-inchbottomlayerinwhichtheasphaltcontentwasraisedby
0.5percentoveroptimumto5.2percent.thisincreasedbindercontentcouldimprove
the fatigue life of the pavement (Harvey, et al., 2004), however it probably better serves 

toimprovethedurabilityoftheasphaltmixinthislayer.theintermediate6incheswere
constructedwiththesameaggregategradationandbinderasthebottomlayer,butthe
asphaltcontentwas4.7percent.theuseofarelativelystiffunmodifiedasphaltgrade
intheintermediatelayerhelpsguardagainstrutting.theupper3inchesofthepave-
mentstructurewereconstructedusingaheavilypolymermodifiedbinder,andthiswas
belowaone-inchopen-gradedfrictioncourse.intestsusingthecaliforniaAccelerated
pavementtestheavyvehiclesimulator,thismaterialwasfoundtohavelessthanhalf
the rutting of other asphalt mixtures.

thompsonandcarpenter(2004)presentedperpetualpavementdesignconceptsin
thecontextoflaboratoryworkdoneattheUniversityofillinois.inthiscasethemodel
employedtorepresentthepavementwasafiniteelementprogramcalledilli-pAve
inwhich18,000-lband20,000-lbaxle loadsservedas the loadingcondition.these
researchers reasoned that thiswouldbe theextremecase inhotweatheras these
loadswouldrepresenttheworstconditionwithveryfewloadsbeinggreaterthanthis.
theirworkshowedthatupto30percentofthefatiguelifeofthepavementcouldbe
consumed,yetiftheremainingstrainswerebelowtheFel,therewouldbenofatigue
cracking.theywentontoverifytheseresultswithfielddeflectionmeasurements.From
these,theywereabletoconcludethatmanyexistingpavementscouldbeclassifiedas
Perpetual Pavements.
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Astudyintexas(Walubitaetal.,2008)concludedthattheFlexiblepavementsys-
teminusebythestateDOtcouldbeusedtomodelperpetualpavements,andthat
optimizationoftheexistingsystemcouldleadtoareductioninpavementthicknessby
about4inches.inanotherpaper(Walubitaetal.,2009),theycomparedactualpavement
responses from a section consisting of 17 inches of asphalt over 8 inches of cement 

treatedbasetoaFelof70meandasubgradelimitingstrainof200me.theyfound
thattheasphaltlayercouldhavebeen3inchesthinnerandstillwouldhavemetthe
perpetualpavementdefinition.

...they were able to conclude that many existing pavements 
could be classified as Perpetual Pavements.

Von Quintus (2001b) developedoneoftheearlierapproachestoperpetualpavement
designforthestateofmichigan.inthedevelopmentofthedesigntablesforthiseffort,
heusedlowlevelsofpredicteddistressesforcriteriaratherthanlimitingstrains.von
Quintuswentontosuggestrehabilitationstrategiestocarrythepavementforaperiod
of40years.inthespiritofperpetualpavementstheserehabilitationstrategiesweremill
andfilloperationsatyears15and30,exceptforthelowestleveloftrafficwherethey
werescheduledforyears32and40.

theAAshtOmechanistic-empiricalpavementDesignGuide (AASHTO, 2008) can 

beusedforperpetualpavementswithregardstothefatigueendurancelimit.thisdesign
procedureiscurrentlybeingcalibratedandadoptedbyanumberofstatesacrosstheU.s.
itpredictstheaccumulationofavarietyofpavementdistressesoverauser-prescribed
analysisperiod.BasedoninformationfromnchRpproject9-38(Prowell et al., 2006), 

Witczak et al. (2006) incorporatedanoptionalFelrangingbetween75and250me. 

ResearchershavebeguntoinvestigatetheuseofthemepDGinconjunctionwiththe
fatigueendurancelimittooptimizepavementdesigns(Behbahais et al., 2009; Tarefoler 

et al., 2009).infact,Willisandtimm (2009) foundgoodagreementbetweenperRoad
andthemepDGintermsofthicknessrequirementswhentheFelwasemployed.

thereareanumberofnon-instrumentedtestsiteswheretheperformanceofperpetual
pavementdesignsisbeingobserved.Rosenbergeretal.(2006) describeatrialperpetual
pavementconstructedonaby-passaroundBradford,pennsylvaniathatconsistedof
13.5inchesofasphaltover13inchesofgranularbasewhichwasdesignedusingper-
Road.threetestsectionswereconstructedinOntarioonhighway402,nearsarnia
(Lane et al., 2006).thesesectionsincludedaperpetualpavementwitharichbase,a
perpetualpavementwithasuperpavemixtureasthebase,andaconventionallydesigned
pavementsection.theperpetualpavementsections,asvalidatedbyperRoad,were
13.4inchesofasphaltover21.6inchesofgranularbase,andtheconventionalsection,
designedaccordingtothe1993AAshtOdesignguide,had9.4inchesofasphaltover
21.6 inches of granular material.

Lower Volume Pavements

therehasalsobeenconsiderableinterestinapplyingperpetualpavementconcepts
tolow-volumeroads.muenchetal. (2004) comparedalong-lastinglowvolumeroad
inWashingtonstateconsistingof5inchesofasphaltmixover12inchesofcrushed
stonebasewithanotheronehaving3inchesofasphaltmixover6inchesofcrushed
stone.they found theperpetualpavementdesign toprovideamuch longer-lasting
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performance than the conventional pavement. Driscoll (2009)describesthedesignofa
countyroadinOhiousing12inchesofasphaltover6inchesofgranularbase,thecost
of which was actually lower than the county’s estimate for a conventional pavement. A 

mediumvolumeroadinhamilton,Ontariowasdesignedasaperpetualpavementusing
the1993AAshtOdesignguideandverifyingitwiththeperRoadprogram (Uzarowski 

et al., 2008). 

Ameansofdesigningperpetualpavements for low-volumeroadswasdeveloped
bytheAsphaltpavementAlliancecalledperRoadXpress (Timm, 2008b), which is an 

easy-to-useprogram.thisprogramwasderivedfromrunningalargenumberof low
tomediumvolumepavementdesigncasesinperRoad.inthiscase,thesingleinput
screensimplyconsistsof:

nFunctionalclassificationoftheroad(urbanorruralcollector)
ntwo-wayAnnualAverageDailytraffic
ntheanticipatedtrafficgrowth
nthesoilclassificationand/orsoilmodulus
n The aggregate base thickness

ntheasphaltmixturemodulus
inthecaseoflow-volumeroads,theperRoad3.3approachofusinglimitingstrains

wouldresultinoverlythickpavementsbecausealownumberofheavyvehiclessuchas
garbagetrucksanddeliveryvanswoulddictatethedesign.instead,theperRoadXpress
designsweredeterminedbylimitingthedamageoccurringovera30-yearperiodtoa
valueof0.1orless(Recall,D=1.0isthepointoffailure)(Timm et al., 2006). 

theoutputoftherequiredasphaltlayerthicknessappearsonthesamescreenas
theinput.likeperRoad,thehelpfileservesastheusers’manualandcanbeaccessed
bysimplypressingtheF1keywhilethecursorisinanydialogbox.

High-modulus Pavements

high-moduluspavementsofferameanstouselessmaterialandreducethecostof
perpetualpavements.inthisdesignapproach,averystiffasphaltmixtureisusedas
thebaseandintermediatelayers.high-modulusasphaltmixesareinuseinanumber
ofeuropeancountriesinbothheavydutyandstructuralrehabilitationprojectswhereit
isdesirabletominimizetheimpactofgradechange,yetstillensurepavementlongevity.
inthesepavements,thebasecoursemixismadewithastiffbindercombinedwitha
relativelyhighbindercontentandlowvoidcontent.thisallowsforareductioninthickness
between25and30percentinthepavementstructure(Corte, 2001; EAPA, 2009). 

thesestructuresarebeginningtobeinvestigatedintheU.s.Avirginialaboratorystudy
ofadense-gradedasphaltmixturewithstiffasphalt(pG70-22andpG76-22)showedthat
fatiguecharacteristicsofthemiximprovedifthebindercontentwasincreasedwhilethe
ruttingbehaviorremainedstable (Maupin and Diefenderfer, 2006). It was the conclusion 

ofthisstudythathigh-moduluspavementsratefurtherstudy.

Design for Pavement Rehabilitation

theprimarymodeofpavementconstructionintheU.s.forthepast30yearshas
beenpreservationandrehabilitation.D’Angeloetal.(2004) notedthatconstructionof
newroadwaysintheU.s.increasedbyonly6percentbetween1970and1998.inorder
toensurethelongevityandvitalityofthenation’shighwaysystem,itiscriticalthatthe
existingpavementsbeevaluatedtoascertainwhethertheymeetorcanbeupgradedto
perpetualpavements.thishasbeenthemajoreffortofthesecondstrategichighway
Researchprogram(shRp2)underprojectR23(Jackson et al., 2009).thisprojecthas
examinedmethodsforrapidrenewalofroadwaypavementswithspecialattentionto
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long-lifedesigns.themethodsincludedinthisresearcheffortincludeasphaltoverlays
ofexistingasphaltpavementsandasphaltoverrubblizedconcretepavements.

Asdiscussed in the introduction,perpetualpavementshavebeenunintentionally
designed,constructed,andmaintainedfordecades.proofofthiscanbefoundinthe69
pavementshonoredsince2001intheAsphaltpavementAlliance’sperpetualpavement
Awards.Asapartofthecriteriaforthisaward,pavementrehabilitationmustnotresult
instructuralimprovementoveraperiodofatleast35years.thus,ithasbeenstandard
forthesepavementstobeevaluatedforstructuralsoundnesswiththeresultingoverlay
improving the functionality of the pavement surface. 

therehabilitationofi-287innewJerseyisanexcellentexampleoftheprocessfor
evaluationanddesignofanoverlaytoanexistingpavement.thenewJerseyDOtin-
vestigateddistressesthatdevelopedonthe26-yearoldpavementsurface(Fee, 2001). 

thestructurewasa10-inchthickasphaltpavementthathadreceivedaminimumof
maintenance.thesurfaceshowedfatiguecracking,longitudinalcrackinginthewheel-
paths,andrutsdeeperthanoneinch.Adetailedexaminationofthepavementstructure
showedthatnoneofthedistressesextendedmorethan3inchesintothedepthofthe
asphalt.Asaresult,thedecisionwasmadetomilloffthetop3inchesandreplaceitwith
atotalof4inchesofasphaltsurfacing.thisworkwasdonein1994,andapavement
surveydonein2001showednosignsofcrackingorrutting (Rowe et al., 2001). Another 

approachtotheupgradingofexistingpavementstolong-lifepavementsisexploredin
Loizos (2006).

Rubblization of concrete pavement with an asphalt overlay is a popular rehabilita-
tionapproachwithsevenstateshaving20ormorerubblizingprojects,andanother10
stateshavingfiveormoreprojects(Von Quintus et al., 2007). Experience has shown 

In order to ensure the longevity and vitality 
of the nation’s highway system, it is critical 

that the existing pavements 
be evaluated to ascertain whether they meet or can be 

upgraded to Perpetual Pavements. 

thatattentionmustbegiventothesubsurfacesiteconditions.Wetandweaksubgrades
mustbedrainedinordertoavoidconditionswheretherubblizationprocessmayfurther
weakenpavementstructureandcauseprematurefailure.itisalsoadvisabletoreduce
theimpacteffortinsuchareastoavoidover-fracturingtheconcreteslabs.insomecases,
itmaybeprudenttoemployacrackandseatstrategyifrubblizationcreatesproblems
withsubgradeweakening.

Vavrik et al. (2009)describehowadeteriorated14-inchconcretepavementonthe
illinoistollwaywasrubblizedandoverlaidwithsixinchesofasphaltastheinitialdesign
forstageconstruction.thisapproachispredicatedonthefindingsofthompsonand
Carpenter (2004 and 2006) thatasmuchas30percentoffatiguelifeconsumptioncan
occurwithoutdamagingtheabilitytoachieveaperpetualpavement.Afterthefirst10
years,twoinchesofthesurfacewillbemilledandsixmoreinchesofasphaltwillbe
constructed.thiswillprovidesufficientstructureforaperpetualpavement.

mostofthepreviouslymentionedi-710freewayprojectincaliforniawascomprised
ofanasphaltoverlayofabrokenandseatedconcretepavement(Monismith and Long, 

1999b).theoverlayofthecrackedandseatedconcreteisatotalof8inchesthick,and



AsphAltpAvementAlliAnce•im-40

18

AsphAltpAvementAlliAnce•im-40

doesnothavethefatigueresistantbottomlayer.thecrackedandseatedconcretepro-
videsastifffoundationfortheasphaltandpreventstheexcessivebendingassociated
withbottom-upfatiguecracking.therewasanasphalt-saturatedfabricplacedovera
one-inchlevelingcourseontopoftheconcretetoguardagainstreflectivecracking.Other
thanthis,thematerialsusedintheconcreteoverlaywerethesameasthoseplannedfor
thefull-depthpavement.Aswiththefull-depthsection,aone-inchopen-gradedfriction
coursewasplacedontop.

The use of Perpetual Pavements in rehabilitation of concrete pavements has also 

beenusedinternationally.landeetal.(2006) reportthattheKhandahartohurathigh-
wayinAfghanistanwasaconcretepavementoriginallyconstructedinthe1960s.War
andalackofmaintenancehadmadetheroadnearlyunusableinsomeplacesandvery
roughinothers.Afterevaluatingthreealternativesforimprovingtheroad,theauthors
determinedthattheuseofanasphaltoverlayinaperpetualpavementdesignprovided
the lowest life cycle cost. 

Bendanaetal.(2009)describethedesignandconstructionofperpetualpavement
andstandardasphaltpavementoverlaysofasectionofinterstate86inwesternnew
York.theperpetualpavementconsistedofnineinchesofasphaltovernineinchesof
rubblizedconcretewhilethestandardpavementwaseightinchesofasphaltoverten
inchesofrubblizedconcrete.theconventionalsectionwasconstructed in2006and
theperpetualpavementwasbuiltin2008.thesesectionswereinstrumentedforin-situ
measurementsofpavementresponsesunderloads,andtheyarebeingmonitored.

Aportionofthei-5experimentinOregonisa12-inchthickasphaltsectionconstructed
overarubblizedcontinuallyreinforcedconcretepavement(cRcp)andajointedrein-
forcedconcretepavement(JRcp)(Renteria and Hunt, 2006; Sholz et al., 2006). The 

designforthispavementfollowedthenApAdesignforrubblizedconcretepavement
(Decker, 2006)whichrecommended12inchesofasphaltovertheeight-inchrubblized
concretelayer.thetestsitelocatedontheJRcpisinstrumentedtomonitorpavement
responsesandenvironmentalconditions.

vonQuintusandtam(2001) developedaprocedurefordesigninglong-lifeasphalt
pavementsoverrubblizedconcreteformichiganthatfollowedthesameapproachhe
usedforasphaltpavements.thethicknessesfortheseasphaltpavementsrangedfrom
6inchesto11incheswithmillandfillrehabilitationatyears20and32.

perRoad 3.3 (Timm, 2008) may also be used to design asphalt pavements over
fracturedconcretepavements.thisonlyrequiresthatthesecondlayerbespecified
asrubblized,crackedandseated,orbrokenandseatedconcretepavement.Beyond
that, it follows the same mechanistic design process for aperpetual pavement as
describedabove.

Summary
themechanistic-empiricaldesignprocesshasprovidedaconvenientformatforthe

designofperpetualpavements.Bysimplymodifyingthetransferfunctionstoallowfor
theinputoflimitingstrains,pavementscanbedesignedtoaccountforinstanceswhere
pavementresponsesdonotaddtothecumulativestructuraldamage.thedesignof
perpetualpavementshasexpanded toprovide flexibility ina varietyof applications
includinghigh-volumeandlow-volumepavements,high-moduluspavements,andthe
rehabilitationofflexibleandrigidpavements.
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Unlikestrictlyempiricalpavementdesignprocedures,mechanistic-empiricaldesign
incorporatesthepropertiesofthepavementlayermaterialsdirectlyasinput.thisrequires
methodstodeterminethesepropertiesandthemeanstounderstandhowtheyfluctuate
withenvironmentalconditions.Definingthepropertiesandhowtheyvaryiscrucialto
perpetualpavementdesigninthatmostofthedamagewilloccurwhenthepavement
structureisweakestandtheloadsarethehighest,anditisthegoaltominimizethis
damage.thissectionwillfocusonthecharacterizationofthefoundationandtheasphalt
layers,andthedesirablecharacteristicsforperpetualpavements.

Foundation
thepavementfoundationiscriticaltotheconstructionandperformanceofaper-

petual pavement. During construction, the foundation provides a working platform
that supports the equipment placing the asphalt layers and provides resistance to
theasphalt compactorsso that theasphalt layerscanachieve thedesireddensity.
throughout the performance period, the foundation provides support to the traffic
loadsandiscrucialtoreducingvariabilityfromseasontoseasonduetofreeze-thaw
andmoisturechanges.properdesignandconstructionofthefoundationarekeysin
preventingvolumechangesduetowet-drycyclesinexpansiveclaysandfreeze-thaw
cyclesinfrost-susceptiblesoils.

The Missouri Department of Transportation receivd a 2009 Perpetual Pavement 
Award for MO 47, Franklin County.
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severalnorthernstates incorporate frostdesign into theirpavementstructures in
areaswherethesoilsandconditionsmayleadtothawweakeningornon-uniformfrost
heave.inthepresenceofsuchsoils,thesestatesgenerallyrequirethatthetotalpave-
mentstructurethicknessequalorexceed50percentoftheexpecteddesignfrostdepth.
thisrequirementisgenerallytakentobeaminimum.ResultsfromtheAAshORoad
testandothercountriessuggest thatadepthofup to70percentmayberequired.
suchcriteriagenerallyrequirethatthepavementstructurebeconstructedofnon-frost
susceptible materials.

A pavement foundation may be comprised of compacted subgrade, chemically
stabilizedsubgrade,or stabilizedgranularmaterial, aswell asunstabilizedgranular
materialsuchascrushedrockorgravel.Regardlessofthekindofmaterialemployed,
thefoundationshouldmeetsomeminimumrequirementforstiffnessthroughoutcon-
structionaswellasduringthelifeofthepavement(Thomas et al., 2004).Depending
uponsiteconditionsandpavementdesign,thismayrequirethechemicalormechanical
stabilizationofsoilsorbasecoursematerials.terrelandepps(1979) provideexcel-
lentguidanceontheselectionofthestabilizationproceduresforunboundmaterials.
Furthermore,thesiteandclimatemaydictatethatdrainagefeaturesbeincludedinthe
pavementdesign,andguidanceonsubsurfacedrainagemaybefoundintheFhWA
drainagemanual(Moulton, 1980). 

theillinoisDOt(iDOt)hasputforthguidanceintheirsubgradestabilitymanual
(IDOT, 1982).Forconstructability,illinoisrequiresasubgradetohaveaminimumcali-
forniaBearingRatio(cBR)ofabout6toavoidexcessivedeformationduringthecon-
structionofsubsequentgranularlayers. Figure5showsthatinillinois,remedialactionis
requiredifthesoilcBRislessthan6,itisoptionalbetweenacBRof6and8,anditis
consideredunnecessaryabove8.theremedialproceduresprovideaworkingplatform
adequatetopreventoverstressingthesubgrade,facilitatepavingoperations,andare
sufficientlystabletominimizethedevelopmentofsurfaceruttingfromconstructiontraffic.
themostfrequentlyusedprocedureistolime-modifythefine-grainedsubgradesoils
thatpredominateinillinois (IDOT, 2002).Undercutandbackfillwithgranularmaterialis

Figure 5.illinoisGranularthicknessRequirementforFoundation
(IDOT, 1982)

25 —
    –
    –
    –
    –

20—
    –
    –
    –
    –

15 —
    –
    –
    –
    –

10—
    –
    –
    –
    –
5 —
    –
    –
    –
    –
0—

60% Thickness Requirements

32 K Tandem Axle – Dual Wheels

(12 K Equivalent Single Wheel Load)

500 Coverages

1 inch = 25 mm

Remedial
Procedures 

Required

Required
Thickness 

Above 
subgrade,

Inches

—   
  

—   
 

—   
 

—   
  

— — —   
  

— —

123456789

Remedial 
Procedure 
Not 
Needed

—   
  

—   
 

—   
 

—   
  

— — —   
  

— —

4080120160200240280320350

subgradecBR

coneindex

Remedial
Procedures

Optional



AsphAltpAvementAlliAnce•im-40 AsphAltpAvementAlliAnce•im-40

21

Table 2.seasonalAdjustmentFactorsformn/ROAD
(After Ovik, et al., 1999)

alsoacommonlyusedprocedurealongwiththeoccasionalapplicationofgeofabrics.
therequiredthicknessabovethesubgradeistypically12in.Forsubgradestrengths
lessthanacBRof4,thethicknessisincreasedasperFigure5.

seasonalmodulusadjustment factorsareused inWashingtonandminnesota for
subgradeandoverlyinggranularmaterialstocharacterizetheirrespectivebehaviors
during the design life. seasonal modulus adjustment factors for unbound materials
differ between eastern and westernWashington state as shown intable 1 (Pierce 

and Mahoney, 1996).theseasonsinWashingtonareassumedtobeofequallength,
andthebaseseasonisthesummerwithamultiplicationfactorof1.00.theseasonal
adjustmentfactorsintable1reflectbackcalculatedmodulusvaluesunderpavements
withasphaltthicknessesrangingfromthintothick.Aslightlydifferentapproachistaken
inminnesotawheretheseasonsareconsideredtobeofunequallengthsasshownin
table2,andthebaseseasonisinthefall.Becausetheprogressionofthawingresults
indifferentbehaviorintheupperandlowerregionsofthepavement,thespringperiodis
dividedintoearlyandlatespring.Ovik,etal.(1999) determinedtheseseasonalfactors
fromdatacollectedattheminnesotaRoadResearchproject.theweakestcondition
forgranularbasematerialsisintheearlyspring,andforthesubgradeitisinthelate
spring.theveryhighmultiplicationfactorsforthewinterreflectfrozenconditions.inthe
designofperpetualpavements,itisimportanttoknowhowseasonalchangesinthe
moduliofunboundmaterialsmayaffecttheresponseofthepavement.inotherwords,
itmaybenecessarytoconsidertheworstconditioninordertoprecludeunduedamage
duringagivenseason.

 Month Late Nov., March April, May June, July, Sept., Oct.,  
   Dec., Jan., Feb.   August early Nov. 

 Asphalt 2.5 2.1 1.3 0.37 1.0
 (120/150
 pen asphalt) 

GranularBase 28 0.65 0.80 1.0 1.0

 subgrade 22 2.4 0.75 0.75 1.0

Table 1.seasonalAdjustmentFactorsforUnboundmaterials
UsedinWashingtonstate 

(pierceandmahoney,1996)

 Location Material             Season
    Spring Summer Fall Winter

 easternWA Base 0.65 1.00 0.90 1.10
(coldwinters,
 hot summers)
  subgrade 0.90 1.00 0.90 1.10

 WesternWA Base 0.85 1.00 0.90 0.75
 (wet winters, 
mildsummers)
  subgrade 0.85 1.00 0.90 0.85
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Nunn et al. (1997)encouragetheuseofin-situtestingforpavementfoundationma-
terials,andanumberofdevicesforaccomplishingthisarereviewedbythomasetal.
(2004). The British (Nunn et al., 1997) formulatedanend-resultspecificationfounded
onnucleardensitytestsandsurfacestiffnessasmeasuredbyaportabledynamicplate
bearingtest.thefoundationdesignpracticeintheUKisshownintable3.thecBRof
thesubgradedictatesthethicknessoftheoverlyinggranularlayerscalledthecapping
andsubbaselayers.ForasubgradecBRoflessthan15,aminimumsix-inchthickness
ofsubbaseisrequired.cappingmaterialmaybeconsideredsimilarinqualitytoalower
qualitybasecoursematerialintheU.s.,andthesubbasemaybeconsideredahigh
qualitybasematerial.tRlsetend-result requirements for thepavement foundation,
bothduringandafteritsconstruction.Underafallingweightdeflectometer(FWD)load
of9000lb,astiffnessof5800psiwasrequiredontopofthesubgradeand9500psi
wasrequiredatthetopofthesubbase.

The German Ministry of Transportation (1989)requiresaminimumsubgradesurface
modulusofabout6500psiwhentestedusingastaticplate-bearingtestwitha12-in
diameterplate.Atthetopofthesubbaselayer,theyrequireabout17,000psiforlight
trafficconditionsandabout26,000psiforheavytraffic.

The French (LCPC, 1992)useanend-resultspecificationfortheconstructedroad
foundation.Forsupportofconstructiontraffic,eitherofthetwofollowingcriteriamust
bemet:adeflectionoflessthan0.1inundera14tonaxleload,oraplatebearingtest
modulusofmorethan7300psi.Forserviceconditions,therequiredsubbasestiffness
istiedtothestrengthofthesubgrade.

thedesignandconstructionofastrong,stableandconsistentfoundationisessen-
tialtoaperpetualpavement.theinitialconcernissupportofconstructiontrafficand
afirmlayerforprovidingareactiontocompactionefforts.long-termsupportoftraffic
loadsandminimizationofvolumechangearecrucialtoperformance.thus,guidelines
areneededforassessmentofstiffnessatthetimeofconstruction,requiredstiffness
forlong-termperformanceasinputtomechanisticdesign,andprovisionstominimize
volumechangeduetoexpansivebehaviororfrostheave.

Asphalt Mix Design and Materials
It is important to use the proper asphalt mixtures in the layers of a Perpetual Pave-

mentkeepinginmindthateachlayerservesspecificfunctions.Forinstance,thelow-
estlayermustprovideexcellentdurabilityandtheresistancetofatiguecracking.the
intermediate layer provides both durability and rutting resistance, and the surface
mustbedesignedtowithstandtrafficanddirectexposuretotheenvironment.theuse

 Subgrade CBR  < 2  2 - 5  > 5

 Subbase Thickness, in.  6 6  9

 cappingthickness,in. 24 14 —

Table 3.transportResearchlaboratoryFoundationRequirements
(Nunn et al., 1997)
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ofreclaimedasphaltpavement(RAp)andrecycledasphaltshingles(RAs)canhelp
stiffenmixturesinprovidingruttingresistance,possiblywithouttheadditionofpolymer
modifiers.inanefforttoprovideguidanceonthebestapplicationforvarioustypesof
mixturesaccordingtotrafficlevelandtheliftthickness,newcombandhansen(2006) 

providedtheinformationintable4.
Simply increasing pavement thickness is not a guarantee that the pavement will have 

alongservicelife.Washingtonstate’sstudyoflong-lastingpavementsshowedthatin
manycasespavementswithshorterlife-cyclesinWashingtonwerethickerthanmore
fatigue resistant pavement structures (Mahoney, 2001).Otherstudieshaveshownthat
whileincreasingthethicknessofapavementwilldecreasethetensilestrainatthebot-
tomoftheasphaltlayer,themagnitudebywhichthisreductionoccursismixdependent
(Romanoschi, 2008). Thus, it is important to specify the right mixture for the right ap-
plication in the pavement.

table4.mixtypeselectionGuideforperpetualpavements
(newcombandhansen,2006)

 Pavement Mix Type NMAS, mm Lift Thickness  Traffic Level, 
 Layer   (in.)  Range, mm (in.)1   MESAL2,3

     <0.3 0.3-10 >10

 Base Dense,Fine 37.5(1-1/2) 110-150(4.5-6) √√ √√ √√
   25(1) 75-100(3-4) √√ √√ √√
   19(3/4) 60-75(2.5-3) √√ √√ √√
  Dense,coarse 37.5(1-1/2) 150-190(6-7.5) √√ √√ √√
   25(1) 100-125(4-5) √√ √√ √√
   19(3/4) 75-100(3-4) √√ √√ √√
  AtpB 37.5(1-1/2) 75-100(3-4)   √√
   25(1) 50-100(2-4)   √√
   19(3/4) 40-75(1.5-3)   √√
intermediate Dense,Fine 25(1) 75-100(3-4) √√ √√ √√
   19(3/4) 60-75(2.5-3) √√ √√ √√
  Dense,coarse 25(1) 100-125(4-5) √√ √√ √√
   19(3/4) 75-100(3-4) √√ √√ √√
 surface Dense,Fine 19(3/4) 60-75(2.5-3) √√ √√ √
   12.5(1/2) 40-60(1.5-2.5) √√ √√ √
   9.5(3/8) 25-40(1-1.5) √√ √√ √
   4.75(1/4) 15-20(0.5-0.75) √√ √√ √
  Dense,coarse 19(3/4) 75-100(3-4)   √√
   12.5(1/2) 50-60(2-2.5)   √√
   9.5(3/8) 40-50(1.5-2)   √√
  smA 19(3/4) 50-60(2-2.5)  √ √√
   12.5(1/2) 40-50(1.5-2)  √ √√
   9.5(3/8) 25-40(1-1.5)  √ √√
  OGFc 12.5(1/2) 25-40(1-1.5)   √√ 

   9.5(3/8) 20-25(0.75-1)   √√

notes: 1.liftthicknessconversionisapproximateforpracticaldesign.
 2.mesAl–millionsofequivalentsingleAxleloads
 3. (√)indicates“Recommended,"(√√)indicates“stronglyRecommended.”
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Figure 6. Fatigue Resistant Asphalt Base

Asphalt Base Layer

theasphaltbaselayermustresistthetendencytofatiguecrackfrombendingunder
repeatedtrafficloads.since2001,anumberoflaboratorystudieshavebeenlaunchedto
characterizethefatigueendurancelimitofasphaltmixturesandtodiscoveritsunderly-
ingmechanicsaswellasdevisewaystopracticallyimplementthisconceptinperpetual
pavementdesign.

AninternationalworkshopwasheldinconjunctionwithnchRpproject9-44inorder
todevelopaplantovalidatetheFel(AAT, 2007). As a part of this workshop, the Fatigue 

endurancelimitwasdefinedas:“alevelofstrainbelowwhichthereisnocumulative
damageoveraninfinitenumberofcycles.”Whilemostparticipantsdidacknowledge
thelong-lifebehaviorofproperlydesignedandconstructedasphaltpavements,notall
agreedthatasphaltmixtureshaveanendurancelimit.mostdidagreethatatlowlevels
ofstrain,thereisanappreciablechangetothefatiguerelationshipresultinginlessdam-
agepercycle.itwashypothesizedthatthiswas,inpart,duetohealing,alackofcrack
propagation,andnon-linearityinfatiguerelationships.theparticipantsinthisworkshop
concludedthattopreciselydefineanendurancelimit,theremustbeconsiderationof
theeffectsoftemperature,aging,healing,andmixturecomposition.

Onemixturecharacteristicthatcanhelpguardagainstfatiguecrackingisahigher
designedasphaltcontent(Figure6a)whichaccomplishestwoimportantgoals.itallows
thematerialtobecompactedtoahigherdensity,andinturn,improveitsdurability
andfatigueresistance.Asummaryoffatigueresearchstudiesbyeppsandmonismith
(1972) establishedthatthisbehaviorisconsistentinmanyasphaltmixtures.Additional
asphalt,uptoapoint,providestheflexibilityneededtoinhibittheformationandgrowth
offatiguecracks.combinedwithanappropriatetotalasphaltthickness,thishelpsen-
sure against fatigue cracking from the bottom layer (Figure 6b). The concept of a high 

asphaltcontentbasehasbeenemployedincalifornia(Monismith and Long, 1999a), 

butitisimportanttonotethatitisnotmerelyadditionalasphaltthatimprovesfatigue
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performance,butincreaseddensity(Crovetti et al., 2008; Crovetti, 2009). Many states 

havemodifiedtheirmixdesignproceduresbyrequiringcompactionconditionswhich
encourage higher asphalt content in the base layer. 

numerouslaboratorystudieshavesoughttodefinetheFel(Peterson et al., 2004; 

Prowell and Brown, 2006),andsomeofthemostextensivestudieshavebeendoneby
the University of Illinois (Carpenter et al., 2003; Ghuzlan and Carpenter, 2001; Thomp-

son and Carpenter, 2004).Over20mixtureshadbeentestedinthelaboratorybythese
researchersandthisworkdemonstratedtheexistenceofthefatiguelimitinallofthem.
In this work, Carpenter et al. (2003)showedthatoverloadingforafewcyclesdidnot
destroyFel,andthatavalueof70mewasalowerlimitforthemixturestested.inlater
work,carpenterandshen(2006) foundthatbindertypewasamoreimportantfactor
inestablishingtheFelthanbindercontent.

moreadvancedconceptsinidentifyingthefatigueendurancelimithavebeenintro-
ducedbyUnderwoodandKim (2009) andBhattacharjeeetal.(2009) by using concepts 

ofviscoelasticity.UnderwoodandKim(2009) usedviscoelasticcontinuumdamagemod-
elingtoincorporatetheeffectsofhealingand,ultimately,reducingtheneedforlengthy
testing protocols. Bhattacharjee and colleagues (2009) used the elastic-viscoelastic
correspondenceprincipletodeterminetheFel.theyidentifiedtheFelasthepointat
whichahysteresisloopformsbetweentheappliedstressandthepseudostrain.they
foundthattheendurancelimitsidentifiedthiswaywereofthesameorderofmagnitude
as those from beam fatigue tests.

theasphaltcontentinthebaseshouldbedefinedasthatwhichproduceslowair
voidsinplace.thisensuresahighervolumeofbinderinthevoidsinmineralaggregate
(vmA),whichiscriticaltodurabilityandflexibility.thisconcepthasbeensubstantiated
bylindenetal.(1989) inastudythatrelatedhigher-than-optimumairvoidcontentto
reduction in fatigue life.Fine-gradedasphaltmixtureshavealsobeennoted tohave
improvedfatiguelife(Epps and Monismith, 1972).ifthislayeristobeopenedtotraffic
duringconstruction,provisionsshouldbemadeforruttestingthematerialtoensure
performanceduringconstruction,ataminimum.

Anotherapproachtoensuringthefatiguelifewouldbetodesignathicknessfora
stiffstructuresuchthatthetensilestrainatthebottomoftheasphaltlayerswouldbe
minimizedtotheextentthatcumulativedamagewouldnotoccur.thiswouldallowfora
singlemixdesigntobeusedinthebaseandintermediatelayers,precludingtheneed
toswitchmixtypesinthelowerpavementstructure.thisstrategyisusedinthetRl
methodproposedbynunnandhiscolleagues(1997) as well as in the French approach 

(EAPA, 2009; Corte, 2001). Molenaar et al. (2009) suggestedthatusingastiffbase
materialcouldreducetheasphaltthicknessbyupto40percent.theirapproachwas
touseaheavilymodifiedasphaltbinderwithsixto7.5percentsBspolymer.Xianget
al. (2009) evaluatedmixtureswiththreegradesofasphaltandfoundthatthehardestof
the three (PG 82-22)performedbestasabinderinthelowerpavementlayers.Asop-
posedtomolenaarandhiscolleagues,harveyetal.(2004) foundthatthebestwayto
improvefatiguelifewastouseaharder,unmodifiedasphaltatahigherasphaltcontent
toachieveverylowvoidsinthefield.

Becausethislayeristhemostlikelytobeinprolongedcontactwithwater,moisture
susceptibilityneedstobeconsidered.Kassemetal.(2008)examinedbasemixesin
perpetualpavementsintexasforvoiddistributionanduniformity.theyfoundthatcoarse
superpavemixescouldbeverypermeableandthatcouldleadtomoisturesusceptibil-
ityproblems.Ahigherasphaltcontent,whichwouldincreasethemixdensity,should
enhancethemixture'sresistancetomoistureproblems,butitisadvisabletoconducta
moisturesusceptibilitytestduringthemixdesign.
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High Quality 
HMA or OGFC  Surface

Intermediate

HMA Base
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 highperformancepGBinder

hightemp.Grade–AsDictated
byclimateandDepth

lowtemp.Grade–+1assurface

hightemp.Grade–sameasabove
lowtemp.Grade–+1assurface

Intermediate Layer

theintermediateorbinderlayermustcombinethequalitiesofstabilityanddurability.
stabilityinthislayercanbeobtainedbyachievingstone-on-stonecontactinthecoarse
aggregateandusingabinderwithanappropriatehigh-temperaturegrading.this is
especiallycrucialinthetopfourinchesofthepavementwherehighstressesinduced
bywheelloadscancauseruttingthroughshearfailure.

theinternal frictionprovidedbytheaggregatecanbeobtainedbyusingcrushed
stoneorgravelandensuringanaggregateskeleton.Oneoptionwouldbetousealarge
nominalmaximumsizeaggregatewhichcouldreducecostduetoalowerasphaltcontent,
andguidanceforthedesignoflarge-stonemixturescanbefoundinKandhal(1990) and
mahboubandWilliams(1990). For mixtures with a nominal maximum aggregate size up 

to37.5mm,thesuperpavemixdesignapproachmaybeused(Ai,1996b).however,it
shouldbenotedthatthelargenmAscanleadtosegregationandhigher-than-desirable
airvoidswhichcanleadtotheintrusionofwater.insuchinstances,itwouldbewise
torequirealowervoidcontentinmixdesign,andtoensureahighlevelofcompaction
inthefield.thesameeffectcouldbeachievedwithsmalleraggregatesizessolong
asstone-on-stonecontactismaintained.Onetestforevaluatingwhetherthistypeof
interlockexistsistheBaileymethod(Vavrik et al., 2001). 

theperformanceGraded(pG)bindersystemisusedtoclassifytheasphaltaccording
tohighandlowservicetemperatures(AI, 1996a).thehigh-temperaturegradeofthe
asphaltshouldbethesameasthesurfacetoresistrutting.however,thelowtemperature
requirementcouldprobablyberelaxedonegrade,sincethetemperaturegradientinthe
pavementisrelativelysteepandthelowtemperatureinthislayerwouldnotbeassevere
asthesurfacelayer(Figure7).Forinstance,ifapG70-28isspecifiedforthesurface
layer,apG70-22mightbeusedintheintermediatelayer.thelttBindsoftwarecan
beusedtodeterminetheproperasphaltbindergradeforeachlayer (LTPP, 2010).

themixdesignshouldbeastandardsuperpaveapproach(AI, 1996b) with a materi-
alsselectionprocessandadesignairvoidslevelthatwillguardagainstpermeability.

Figure 7. impactoftemperatureGradientonAsphaltGrade

Temperature

High Quality HMA or OGFC
40 to 75 mm

High Modulus
Rut Resistant Material
100 to 175 mm

Flexible, Fatigue Resistant
Material 75 to 100 mm
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performancetestingshouldincluderuttestingandmoisturesusceptibility,ataminimum.
currently, theasphaltmixtureperformancetester (Ampt) isconfiguredtoprovidea
measureofruttingresistanceknownastheflownumber.thisrepeated-loadtestrelies
onthedevelopmentoftertiaryflowtoidentifythepointatwhichthematerialbecomes
unstableandthussusceptibletorutting.theprocedureisstillinthedevelopmentstage
asissueswithrepeatabilityofresultsarebeingaddressed(Dongre et al., 2009). 

A report on performance testing is available from the National Center for Asphalt 

Technology (Brown, et al., 2001).theysuggest theconditionsof rut testingneedto
beselectedconsideringthehightemperaturegradeofthepGbinderorcriteriaforthe
particulardevice.Anotheroptionforperformancetestingisthesimplesheartest(sst)
(Sousa et al., 1994),whichwasusedinthecaliforniai-710freewayproject(Harvey et 

al., 2004). 

Determinationofasphaltmodulus fordesignpurposesmaybedoneeither in the
laboratoryorfromfielddeflectiontesting.currentlythemepDGcallsfortheuseofthe
Amptinthelaboratorytestingofasphaltmixturestodeterminethedynamicmodulus
inaccordancewithAAshtOtp62-07.itappearsatthistimethatthismethodoftesting
willbecomethestandardforasphaltmodulusgoingintothefuturealthoughadjustments
arebeingmadetoimprovetheprecisionofthetest(Bennert and Williams, 2009). 

Backcalculationproceduresforestimatingpavementlayermodulifromnon-destructive
deflectiontestinghavebeeninuseforalmostthreedecades.Recently,Gefadaetal.
(2008) havefoundthatanumberofbackcalculationmethodsproducegeneralagreement
inthevaluestheydetermined.scullion (2006) usedbackcalculationindeterminingthe
designmodulusvaluesforperpetualpavementasphaltmixturesusedintexas.inad-
justinglayermoduliforseasonalvariations,theWashingtonDOt(Pierce and Mahoney, 

1996) andtheminnesotaDOt(Ovik et al., 1999) usemodulus-temperaturerelationships
forasphaltconcreteandseasonalmultiplicationfactorsbasedonestimatedpavement
temperatures.Dataavailablefromthelongtermpavementperformance(ltpp)da-
tabasewereusedinthedesignoftheBradfordBypassinpennsylvania (Rosenberger, 

2006).Forstructuraldesignpurposes,theasphaltmixmoduluscorrespondingtothe
meanmonthlypavementtemperatureisused.

Wearing Surface

thewearingsurfacerequirementswoulddependontrafficconditions,environment,
localexperience,andeconomics.performancerequirementsincluderesistancetorutting
andsurfacecracking,goodfriction,mitigationofsplashandspray,andminimizationof
tire-pavementnoise.theseconsiderationscouldleadtotheselectionofstonematrix
asphalt(smA),anappropriatesuperpavedense-gradedmixture,oropen-gradedfriction
course.Guidanceonmixtypeselectioncanbefoundinnewcombandhansen(2006)
aslistedintable4.itshouldbenotedthatsmallnmAssurfacemixturesmaybenefit
fromtheinclusionoffineRApasapartofthesandfractioninthemix.

insomecases,theneedforruttingresistance,durability,impermeability,andwear
resistancewoulddictatetheuseofsmA.thismightbeespeciallytrueinurbanareas
withhightrucktrafficvolumes.properlydesignedandconstructed,ansmAwillprovide
astoneskeletonfortheprimaryloadcarryingcapacityandthematrix(combinationof
binderandfiller)givesthemixadditionalstiffness.methodsforperformingansmAmix
designaregiveninnchRpReportno.425(Brownandcooley,1999).

thematrixinansmAcanbeobtainedbyusingpolymer-modifiedasphalt,withfibers,
orinconjunctionwithspecificmineralfillers.Brownandcooley(1999)concludedthat
theuseoffibersisbeneficialtoprecludedrain-downinsmAmixtures.theyalsopoint
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outtheneedtocarefullycontroltheaggregategradation,especiallyonthe4.75mmand
0.75mmsieves.ininstanceswheretheoveralltrafficisnotashigh,orincaseswhere
thetrucktrafficislower,theuseofawelldesigned,dense-gradedsuperpavemixture
mightbemoreappropriate.AswiththesmA,itwillbenecessarytodesignagainstrut-
ting,permeability,weathering,andwear.theAsphaltinstitute(1996b) providesguid-
anceonthevolumetricproportioningofsuperpavemixtures.itisrecommendedthat
aperformancetestofdense-gradedmixtures,whethersmAorsuperpave,bedone
duringmixturedesign.Ataminimum,thisshouldconsistofruttesting (Brown et al., 

2001), but other tests such as the flow number test from the AMPT (Dongre et al., 2009) 

or the Superpave shear tester (Sousa et al., 1994)couldbeemployedtoestimatethe
performance of the material.

Open-gradedfrictioncourses(OGFc)aredesignedtohavevoidsthatallowwaterto
drainfromtheroadwaysurface.theseareprimarilyusedinwesternandsouthernregions
oftheUnitedstatestoimprovewet-weatherfriction,butmaybefoundinnorthernstates
suchasmassachusetts,newJersey,andWyomingalso.mixturesshouldbedesigned
tohaveabout18to22%voidstoprovidegoodlong-termperformance(Huber, 2000). 

Fibersaresometimesusedtohelpresistdraindownoftheasphaltduringconstruction.
Huber (2000) alsoreportsthattheuseofapolymer-modifiedasphaltwillhelpinproviding
long-termperformance.AmixdesignmethodforOGFchasbeendevelopedbyKandhal
andmallick(1999) usingthesuperpaveGyratorycompactor.Guidanceregardingthe
constructionandmaintenanceofOGFcsurfacesisfoundinKandhal (2001). 

thepGgradeusedintheliftofasphaltshouldbeappropriatefortheclimateand
trafficinagivenarea,consistentwithsuperpavepractice.thehightemperaturegrade
shouldbeselectedtoresistrutting,especiallyifheavy,slowmovingtrafficispresent
inhighvolumes.toresistthermalcracking,thelow-temperaturegradeshouldbethat
normallyusedfor95percentor99percentreliabilityinthearea,dependinguponavail-
abilityandcost.Again,theltppBindsoftwareshouldbeusedtoprovideguidanceon
thepropergradeofasphaltiflocalguidanceisnotavailable(LTPP, 2010).

Summary
engineershavecompiledknowledgeandresearchtocreateacompositepavement

structurewhichcanbeutilizedtoincreasethechancesofaflexiblepavementachiev-
inglonglife.thispavementstructure(Figure3)includesarutandwearresistantupper
layerofasphaltsurfacing.inmanycases,astonematrixasphalt(smA),anopen-graded
frictioncourse(OGFc),oradensesuperpavedesign isusedfor this lift.Belowthe
wearingcourse,engineersdesignarutresistantanddurableintermediatelayer.Finally,
thebaselayeroftheasphaltneedstobeafatigueresistant,durablelayerthatiseasy
tocompact.thisfinalliftisdesignedmanytimeswithanincreasedasphaltcontentand
reducedairvoids(Newcomb et al., 2000).

Engineers have compiled knowledge and research 
to create a composite pavement structure 

which can be utilized to increase the chances 
of a flexible pavement achieving long life. 
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constructIon
n

constructionofaperpetualpavementdoesnotdifferappreciablyfromconventional
asphaltpavements,butitdoesrequiregreatattentiontodetailandacommitmentto
builditwithqualityfromthebottomup.intheprocessofbuildingtheroadwayorairfield,
modernmethodsof testingshouldbeemployedtogivecontinuousfeedbackonthe
qualityofmaterialsandconstruction.

thefoundationmustbeabletosupportpavingandcompactionoperationsduring
construction. materials for this layer may include sand or sandy-gravel subgrades,
stabilizedfine-grainedsubgrade,unstabilizedorstabilizedgranularbasematerials,or
rubblizedconcrete.thus,thislayermustbewell-compacted,smoothandstiffenoughto
supportconstructiontrafficandprovideresistancetocompactors.methodsforachieving
uniformityhavebeendiscussedinthematerialssectionofthispublication.itisrecom-
mendedthatin-situtestingofthefoundationasoutlinedinthomasetal.(2004) or in 

Nunn (1997) beusedtoascertainboththequalityandconsistency.

Construction of a Perpetual Pavement 
does not differ appreciably from conventional asphalt 

pavements, but it does require great attention 
to detail and a commitment to build it 

with quality from the bottom up. 

Whenproperstructuraldesignandmixtypeselectionprocessesareemployed,good
construction practices can ensure good performance. issues that can surround the
constructionoftheasphaltlayersthatcanbedetrimentaltoperformanceincludelack
ofdensity,permeabilitytowater,lackofinterfacebonding,andsegregation.Although
someofthesearerelatedtoeachother,theywillbediscussedseparatelyastheymay
havedifferentcauses.

Oneissuethatcanaffectthedensityoftheasphaltbaselayerisitsinterlayerfriction
withthepavementfoundation.ifthereisinsufficientfrictionbetweenthesetwolayers,
compactionofthebaselayerwillbeproblematicasitwilltendtoshoveoutfromunder
therollers.thisconditioncanoccurwhenthereistoomuchdustonthefoundationsur-
facegeneratedbyconstructiontrafficorifthefoundationhasbeenstabilizedwithadust
palliativeandithasrecentlyrained.theslippageofthematfromunderthecompactive
effortwillnotallowtheproperverticalforcetobeappliedtoconsolidatethemixture.
Remedialactionforsuchaconditionmayincludewaitingforthematerialtodrytoalower
moisturecontent,excavatingthetopfewinchesofthefoundationtoremovethedust,
addinggranularmaterialtothetopofthefoundation,orusingathickerliftforthebottom
ofthebasecourse.inanextremecase,achipsealcouldbeplacedonthefoundation
toprovidethefrictionneededtoholdtheasphaltmixinplaceduringcompaction.
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thelackofdensityisdetrimentaltothecrackingperformanceofthelowerasphalt
layersandruttingintheupperlayers.Asdescribedinthematerialssection,lowerden-
sityequatestoalowerfatiguelifeandalowerfatigueendurancelimit.if lowdensity
resultsinafatiguelimitbelowthatusedindesign,thepavementcouldcrackdeepwithin
itsstructure.itisinterestingtonotethatinthei-710freewayprojectincalifornia,the
primarypurposeoftheadditionalasphaltinthebaselayerwastoprovideforeaseof
constructionandcompactioninthisportionofthepavement.thehigherdensityachieved
inthislayerhelpedobtainthegoalofprovidingimprovedfatigueresistance (Harvey et 

al., 2004).Alowasphaltcontentcoupledwithalargenominalmaximumsizeaggregate
(oneinch)ledscullion(2006) to express concern about the moisture susceptibility in 

perpetualpavementsectionsintexas.Oneoftheprimarymeansofaddressingthein-
abilitytocompactanasphaltmixtureistomakesurethattheliftthicknesscorresponds
appropriatelytothenominalmaximumaggregatesize inthemixtureasprovidedby
newcombandhansen(2006) intable4.ingeneral,theliftthicknessshouldbethree
tofourtimesthenmAsforfine-gradedmixturesandfourtofivetimesforcoarse-graded
mixtures (Brown et al., 2004). 

thelackofdensityintheasphaltlayersmaybecausedbyoverlystiffmixesbeing
difficulttoworkandcompactresultingfrombindersthathavebeenoxidizedbyover-
heatinginthemixingprocess.thisproblemissometimesexacerbatedwhenpolymer
modifiedasphaltbindersareused.industryguidelinesprovidedbyApec (2001) may be 

usedtoensurethepropertemperatureisusedinthehandlingandapplicationofliquid
asphaltbinders.theworkabilityofasphaltmixturesmaybeconsiderablyimprovedwith
WarmmixAsphalttechnologywhichallowsthematerialtobeplacedandcompacted
attemperaturesanywherefrom35to100oF lower than conventional asphalt mixtures 

(Prowell and Hurley, 2007). 

segregationcaneitherbetheresultofaseparationoffineandcoarseaggregatedur-
ingproduction,transport,andplacement(AASHTO, 1997) or the result of temperature 

differentialsthatoccurduringtransportandpavingoperations(Willoughby et al., 2002). 

Coarse aggregate mixtures are usually the most problematic, as there is less opportunity 

forsegregationtooccurinfinergradedmixtures.thedangerwithsegregationinlarge
aggregate,coarselygradedmixturesisthatthemixmaybecomepermeableincoarse
pocketswhichcouldleadtotheinfiltrationofwaterandsubsequentmoisturedamage
(Scullion, 2006).segregationmaybemeasuredwithinfraredtemperaturetechniques
andlasertexturemethodssuchastheRosanprocedure(stroup-GardinerandBrown,
2000).properhandlingofthematerialduringmanufacture,transportandlaydowncan
domuchtopreventtheproblem.theuseofmaterialtransferdevicescanaidinavoiding
thermalsegregationbyremixingtheasphaltpriortoplacement.Additionally,stepsmay
betakenintheselectionofmaterialsandmixdesigntoavoidmanyoftheproblems
associatedwithsegregation.Forinstance,inlargestoneasphaltbasemixtures, it is
possibletodesignthemixatalowervoidcontentsothatitislesssusceptibletobeing
permeable.Afinertotalgradationwillalsoallowlessopportunityformixsegregation.
As a means to insure impermeability, using a fine surface mix will seal the surface of 

the pavement preventing moisture infiltration from the top. 

closely related tosegregation’s impactonpavementperformance is the issueof
longitudinaljointdensity.Becausedensitytendstobelowerattheedgesoftheasphalt
mat,themixmaybemorepermeableatthispoint,andmoresusceptibletomoisture
infiltrationanddamage.Guidanceexistsonthebestwaytoconstructlongitudinaljoints
(NAPA, 2002).Althoughoftentimesnotpossibleduetospacelimitations,theuseof
echelonpavingorfull-widthpavinghavetheeffectofessentiallyeliminatingthe lon-
gitudinaljointsincethetwopavinglanesareplacedatthesametime.Brown (2006) 
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discusseswaystoimprovelongitudinaljointperformancebyusingtechniquessuchas
wedgejoints,jointheaters,andjointsealants.Oneofthemostpracticalwaysofprotect-
inglongitudinaljointsinlowerpavementlayersistouseafine-graded,impermeable
mixtureonthepavementsurface.thishastheeffectofsealingthejointinadditionto
providingaquiet,smoothsurface.

theimportanceofbondingofasphaltlayerstoeachotherwasdemonstratedatthe
NCAT test track (Willis and Timm, 2007).Atestsectionthathadbeendesignedwith
arichbottomlayer(i.e.,asphaltcontent0.5percentaboveoptimum)showedfatigue
crackingthatinitiatedataninterfacebetweenabaseasphaltlayerandthelayerabove
it.Forensictestingandmodelingshowedthatthepavementlayershaddebonded,and
thattheresultingslipproducedhigherthananticipatedtensilestrainsinthepavement
leadingtothecracking.inrecentyears,moreresearchhasbeenfocusedonthebonding
ofasphaltlayerswithinthepavementsystem.mohammedandhiscolleagues(2009) 

areinvolvedinthedevelopmentoffieldtestsforthebondstrengthoftackcoatsinthe
field.Westetal.(2005) foundthatbothstraightgradeasphaltandasphaltemulsioncan
beusedtoproducequalitytackcoats,butthatmillingenhancedthebondinthecase
ofasphaltoverlays.thus,forasphaltpavementrehabilitation,millingshouldbeencour-
agednotonlytoremovesurfacedefectsbutalsotoensurethebondingoftheoverlay
to the existing pavement surface.

As with any asphalt construction, volumetric control of the mixtures by the contractor 

willbethekeytoconsistencyandqualityinthefinalproduct.thecontractorshouldhave
accesstoafullyequippedandstaffedqualitycontrollaboratory.periodictestingand
dataanalysiswithgoodqualitycontrolandinspectiontechniqueswillensurethatthe
desiredcharacteristicswillbeimpartedtothepavement.nuclearordielectricmethods
oftestingmaybeusedfortheassessmentofin-placedensity,thicknesscanbecontinu-
ouslymonitoredwithgroundpenetratingradarandsmoothnesscanbeevaluatedwith
new lightweight profilometers.

Whileconstructionproceduresforperpetualpavementsdonotdifferfromnormalbest
practices,itisimportantthatcloseattentionbegiventoallaspectsoftheproduction
andplacementofthematerial.tohelpensurethelongevityofthepavementstructure,
itisimportantthat:

n Astronganduniformfoundationisprepared.
n Optimumdensityintheasphaltmixturesisachieved.
n theasphaltmixdesign,production,andplacementleadtogooduniformity.
n Bondingbetweenallpavementlayersisachieved.
n normalqualitycontrolproceduresarefollowedthroughouttheconstruction.
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Performance
n

For Perpetual Pavements to be viable, they must perform from the perspectives of 

bothengineeringandeconomics.Designingagainststructuraldefects,propermaterials
selection,goodconstructionpractices,andschedulingresurfacingactivitiestomaintain
the functionality of the pavement are the primary engineering concerns for performance. 

efficientdesign,lowmaintenanceandrehabilitationcosts,andlongpavementlifewill
ensure the economy of the pavement. 

intheperpetualpavementconcept,itisnecessarytoperiodicallymonitorthepave-
mentconditiontotracksurfacedistressesandensuretheyprogressnofurtherintothe
structurethanthetopfewinchesofthepavement.thus,distressessuchastop-down
fatiguecracking, thermalcracking, rutting,andsurfacewearcanbeconfined to the
wearing course by timely resurfacing. There are a number of case histories that support 

theideathatthick,well-constructedasphaltpavementshavedistressesextendingno
deeperthantheirsurfaces.

theAsphaltpavementAlliancebeganaprogram in2001 to recognizeperpetual
Pavements that have been in service for 35 years or longer. As a part of the criteria for 

thisaward,nomorethanfourinchesofadditionalthicknesscouldhavebeengained,
andoverlayshadtohavebeenconstructedaminimumof13yearsapart.sofar,over69
pavementsectionssubmittedbyagenciesthroughouttheU.s.haveearnedtheperpetual
pavementAward,andamapshowingadistributionoftheawardsisshowninFigure
8.thepavementsincludeinterstatehighways,majorcivilianandmilitaryairfields,and
lowandmediumvolumeroads.nodoubttherearemanymoreperpetualpavements
throughout the country.

ADutchstudy(Schmorak and Van Dommelen, 1995) of176pavementsectionsshowed
thatsurfacecrackingoccurredinasphaltstructuresthickerthan6inches,withcracks

Figure 8. DistributionofperpetualpavementAwards

Toronto,
canada
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extendingabout4inchesdownintotheasphaltlayer.theyconcludedthatconventional
fatiguefailurewasveryimprobableandthatsurfacecrackingwouldbethemainform
ofdistressinthickasphaltpavements.A1997reportfromtheU.K.(Lesch and Nunn) 

showedthatpavementdeteriorationinthickasphaltstructureswasmuchmorelikelyto
occurinthewearingcoursethandeepinthepavement.thispaperalsodemonstrated
thatthestructurallayersbecomestrongerwithtime,insteadofweakeningasiscommonly
assumed.Ferneandnunn (2004)andmerrilletal.(2006) confirmedtheseobservations
withareviewofinformationcontainedineuropean-widestudiesoflong-livedasphalt
pavementsonhigh-trafficroutes.

in a case study representative of good performing pavements, a review of thick
(betweensixand19-inch)asphaltpavementsoni-90throughthestateofWashington
revealedthatnoneofthesesectionshadeverbeenrebuiltforstructuralreasons(Baker 

and Mahoney, 2000).thepavementagesrangedfrom23to35years,andthickasphalt
pavementsonthisroutecomprise40percentofthelength(about140outof362miles).
Westofthecascademountains,nearseattle,theaverageageatresurfacingwas18.5
years.Ontheeasternsideofthestate,theaverageageatfirstresurfacingwas12.4
yearsandthetimeuntilsecondresurfacingwas12.2years.mahoneyandhisco-authors 

(2007) followeduponthisstudyandincludedpavementsfromOregonandcalifornia.
inthiswork,interstatehighwayconcretepavementswerealsoincluded.itwasnotedin
theconclusionsthattherewasessentiallynodifferenceintheageofflexibleandrigid
interstatepavementsforWashingtonandOregon.Datacontainedwithinthepaperon
pavementsmoothnessinWashingtonandOregonclearlyshowsthattheasphaltpave-
mentsareconsiderablysmootherthantheconcretepavements.californiadidnotreport
pavementagesorpavementsmoothnessdata.

thepreviouslydiscussednewJerseyDOtinvestigationofa26-yearoldpavement
surfaceoni-287isanotherexampleofalong-lifeasphaltpavement (Fee, 2001).the10-
inchthickasphaltpavementhadreceivedaminimumofmaintenance,andjustthesurface
showedfatiguecracking,longitudinalcrackinginthewheelpaths,andrutsdeeperthan
oneinch.noneofthedistressesextendedmorethanthreeinchesintothedepthofthe
asphalt.Asaresult,thedecisionwasmadetomilloffthetopthreeinchesandreplace
itwithatotaloffourinchesofasphaltsurfacing.thisissimilartotheperformancenoted
onRoute82inconnecticutwherea2007perpetualpavementAwardwinningsection
thatwas10inchesofasphaltover10inchesofgranularmaterialswasnotedtohave
gone24yearsbeforeresurfacingtocorrecttop-downcracking(Yut et al., 2009). 

Monismith et al. (2009) presentedareviewoftheconstructionofthei-710perpetual
pavement that was built in 2003 and presented monitoring data after five years of
service.Asdiscussedearlier, thedesigntrafficamountedto200,000,000esAl,the
full-depthasphaltsectionwas12inchesthick,andtheasphaltovercrackedandseated
concretepavementwas8inchesthick.thedeflectiondatafromthispavementshowed
thatthepavementsectionswereperformingasexpected.inasimilartypeofstudyin

In the Perpetual Pavement concept, it is necessary 
to periodically monitor the pavement condition 

to track surface distresses and ensure 
they progress no further into the structure 
than the top few inches of the pavement. 
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Texas, Scullion (2006) foundthattheperpetualpavementsconstructedtherehadvery
lowdeflectionsindicatinganoverallpavementstiffnessapproachingthatofconcrete
pavement.

Romanoschi et al. (2006, 2008, 2009)havedocumentedthetestingandbehavior
offourflexiblepavementsectionsonU.s.75inKansasnearsabetha.thesesections
weredesignedasconventionalasphaltpavementsaswellasaperpetualpavementand
instrumentedwithstraingaugestomonitorpavementreactions.theyfoundthatunder
an18,000-lbaxleload,eveninhottesttestingtimeinJuly,thatthemeasuredstrains
wereverylow(lessthan70me). Their research suggests that the Perpetual Pavement 

with the rich base layer may have superior fatigue performance. In an actual pavement 

sectiononastreetinthecityofeugene,Oregon,itwasfoundin2008thata10-inch
sectionofasphaltpavementhadlasted55yearsandwasstillingoodcondition,needing
only surface repairs (Huddleston, 2008).

theeconomicsofthickasphaltpavementsinhightrafficsituationshavebeenwell-
documented.crossandparsons(2002) comparedseveralinterstateasphaltsections
inKansastoconcretesections.theirconclusion,asshowninFigure9,wasthaton
average,overa40-yearperiod,asphaltpavementsweremoreeconomicalthanconcrete
pavementsfortheKansasinterstatesystem.thiswasprimarilyduetotheextensive
rehabilitationandreconstructionactivitiesthatwereneededonsomeoftheconcrete
sections later in their life. Gibboney (1995)noted thissame trend for four interstate
highwayshestudiedinOhio.studiesforpakistan(Kamal et al., 2006)andAfghanistan
(Lande et al., 2006) have shown that Perpetual Pavements were clearly more economi-
calthancomparablerigidpavements.

Perpetual Pavements are also more economical over the long term than conven-
tionallydesignedasphaltpavements.el-hakimetal. (2009)comparedthedesignand
performanceofaconventionalasphaltpavementandaperpetualpavementsectionin
Ontario.theperpetualpavementcross-sectionwascomprisedof13.5inchesofasphalt

Figure 9. comparisonofAverageKansasinterstatecosts
(crossandparsons,2002)
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mixover4.5inchesofanasphaltstabilizedsubgrade,andtheconventionalpavement
was 11 inches of asphalt over 13 inches of granular material. The Perpetual Pave-
menthadbetterpredictedperformanceaccordingtothemepDGandwas6.6percent
cheaperinlifecyclecostoveraperiodof50years.muenchetal.(2004) foundthatthe
thicker(perpetual)pavementonlow-volumeroadsinWashingtonsavedover$160,000
per2-lanemilesovera50yearperiod.cheneviereandRamdas(2006)confirmthe
economicbenefitsofperpetualpavementsoverconventionalpavementsintheUnited
Kingdomwherethelifecyclecostgivesaclearindicationofitssustainability.

theperformanceofperpetualpavementshasbeenconfirmedinanumberofstudies.
theAsphaltpavementAlliance’sperpetualpavementAwardprogramhasshownmany
examplesoflonglastingasphaltpavementsinapplicationsrangingfrommajorairports
tolowvolumeroads.Reviewsoftheperformanceofexistingpavementsinanumberof
stateshaveshowntheabilityofwell-designedandwell-constructedasphaltpavements
toserveunderavarietyoftrafficconditionsforthelongterm.perpetualpavementtest
siteshavebeenmonitoredandtested,andtodate,areperformingaswellorbetterthan
expected.theeconomicsoflong-lifeasphaltpavementshaveproventobeadvantageous
whencomparedtoconcretepavementsorconventionallydesignedpavements.

The Minnesota Department of Transportation won a 2009 Perpetual Pavement 
Award for the eastbound lanes of US TH 10, east of Detroit Lakes to east   
of Perham.
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summary
n

perpetualasphaltpavementshavebeendesignedandconstructedfordecadesasfull-
depthanddeep-strengthasphaltpavements.Recently,anumberofdesignprocedures
havebeendevelopedtorecognizetheconditionsunderwhichasphaltpavementsarenot
subjecttodamageandtoallowfortheefficientdesignofthepavementsections.materials
selectionplaysakeyroleinthedesignandconstructionofperpetualpavements,and
thematerialsmustbeselectedaccordingtotheroletheyplayinenhancingpavement
performance. Construction practices are of paramount importance to the performance 

ofasphaltpavements.theperformanceofperpetualpavementshasbeendocumented
inanumberofstudiesbothfromengineeringandeconomicpointsofview.

Goingforward,themechanistic-empiricaldesignprocesswillbetheformatforthe
designofperpetualpavements.transferfunctionsdescribingpavementperformance
needtoallowforlimitingstrainssothatconditionsresultinginnopavementdamagecan
beaccountedfor.existingdesignproceduresforperpetualpavementsencompassa
varietyofapplicationsincludinghigh-volumeandlow-volumepavements,high-modulus
pavements,andtherehabilitationofflexibleandrigidpavements.

The Mississippi Department of Transportation won a 2009 Perpetual Pavement 
Award for MS 613, Jackson County.
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theknowledgeandresearchexisttocreateapavementstructurewhichcanensurethe
longlifeofaflexiblepavement.thematerialsusedforthevariouslayersofthepavement
structuremustbeselectedwithrespecttothefunctionstheymustserve.thisincludes
arutandwearresistantupperlayerofasphaltsurfacing.inmanycases,astonematrix
asphalt,anopen-gradedfrictioncourse,oradensesuperpavedesignmaybeused
asthesurface.inthecaseofdense-gradedorsmAmixtures,thematerialsshouldbe
selectedtokeepthesurfaceimpermeable.Belowthewearingcourse,arutresistantand
durableintermediatelayershouldbeconstructedfromadense-gradedmix.Finally,the
baselayeroftheasphaltpavementneedstobeafatigueresistant,durablelayerthatis
easytocompact.thisbaseliftisdesignedmanytimesatanincreasedasphaltcontent
andreducedairvoidsinordertoincreasedensityandimprovefatigueresistance.

constructionprocedures forperpetualpavementsdonot differ fromnormal best
practices,butitisimportantthatattentionbegiventoallaspectsoftheproductionand
placementofthematerial.thefoundationlayermustbestronganduniformtoprovide
asturdyworkingplatformandtosupporttrafficloads.Densityanduniformityofasphalt
mixturesarecriticaltothelong-termhealthofthepavement,andthiscanbeachieved
throughproperdesignofliftthicknesses,propermaterialselectionandmixdesign,and
appropriateconstructionpractices.Bondingbetweenpavementlayershasbeenshown
tobeessentialtothelong-termperformanceofthepavementstructure.normalquality
controlproceduresshouldbefollowedthroughouttheconstruction.

thelong-termperformanceofwell-designedandwell-constructedasphaltpavements
hasbeenshowninanumberofstudies.theAsphaltpavementAlliance’sperpetual
pavementAwardprogramhasnearly70examplesoflonglastingasphaltpavements
rangingfrommajorairportstolowvolumeroads.theperformanceofexistingpavements
inmanystateshasshowntheabilityofasphaltpavementstoserveunderavarietyof
trafficconditionsforthelongterm.Researchcontinuesatperpetualpavementtestsites
andfacilitiesthroughouttheworld.thedatafromthesehaveshownthatperpetualpave-
mentsareperformingaswellorbetterthanexpected.long-lifeasphaltpavementshave
been shown to have lower life cycle costs than concrete pavements or conventionally 

designedpavements.

The knowledge and research exist 
to create a pavement structure 
which can ensure the long life 

of a flexible pavement. 
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recommendatIons
n

Althoughperpetualpavementsarebecomingmoreacceptedastheir
performancecomestolightanddesignproceduresaredeveloped,there
areareasoffruitfulinvestigationwhichmayleadtofurtherunderstanding
andrefinements.itisrecommendedthatthefollowingtopicsbepursued
throughfurtherresearch:

nDevelopmentofhigh-modulusasphaltpavements.suchpavements
wouldreducetheoverallsectionofmaterialtobeused,allowingfor
fewerverticalgradechanges,reducingtherawmaterialstobecon-
sumed,andimprovingthesustainabilityofthepavement.

nDevelopmixdesigns forhigh-modulusasphaltmixes, including the
selectionofbinder,optimumasphaltcontentforlowvoids,andrequired
stiffness.

nRefine the fatigue endurance limit. Although this is the subject of
nchRpstudy9-44A,itisimportanttoidentifyfactorsthatinfluencethe
fatiguelimitinordertofurtherimproveperpetualpavementdesign.

nDevelopanunderstandingofpavement layerbonding.Frombotha
constructionandaperformancestandpoint,itiscrucialtounderstand
howbondingoccursbetweenpavementlayersanditsroleinpavement
responsestoloads.

nDevelopaunifiedapproachtotheperpetualpavementdesign.cur-
rently, design criteria for high-volume perpetual pavements leads
toover-designedlow-volumepavements,andsoaseparatedesign
procedureexistsforlow-volumeroads.Astatisticallybasedprocedure
developedaccordingtothedistributionofpavementresponsesmay
be one approach. 
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