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1.0 INTRODUCTION

1.1 BACKGROUND

TheStrategic Highway Research program (SHRP) is a highly focused, five year, $150 million

researchprogram which grew out of recommendationscontainedin TransportationReSearchBoard

Special Report 202, America's Highways: Acceleratin.qthe Search for Innovation. The report

documented the serious neglect of highway research in the United States and recommended a

concerted research effort to address six high-priorityresearchareas which were later consolidated

into four areas: 1) Asphalt, 2) Concrete and Structures,3) Highway Operations, and 4) Pavement
Performance.

The highwaycommunityrespondedto the reportwith quick resolveand continuingcommitment

and action. Pre-implementationactivitiesfocused on the preparation of a final research program

which culminated with the publicationof the Strategic Highway Research Plans for each of the

originalsix researchareas (SHRP 1986). Part of SHRP'sAsphaltProgram is designed to investigate

how the chemical and physicalpropertiesof asphalt binder relate to pavement performance. The

resultsare expected to include improvedcharacterizationof materials, improved product testing

methods, and improved constructionprocedures. Other parts of the asphalt program involve the

developmentof accelerated tests for asphalt-aggregatemixturesto better predict the performance

of the pavements. Improved understandingof asphalt-bindercharacteristicsand the availabilityof

new asphalt-aggregate tests would also permit the development of more performance-oriented

specifications.

In order to accomplishthese goals, a series of research contracts have been developed by

SHRP to implementthe research plans identified in the 1986 report. One such contract is SHRP

Project A-003A entitled "Performance Related Testing and Measuring of Asphalt-Aggregate

Interactionsand Mixtures,"of which this report formsa part.

SHRP Project A-003A seeks to:

1. Develop methods to analyze asphalt-aggregateinteractionswhich significantlyaffect

pavement performance,

2. Develop accelerated performance related tests for asphalt-aggregate systems that

successfullymodel constructionand serviceconditions,and
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3. Developa database derived from laboratoryinvestigationsthat can be used to verifythe

asphalt chemicaland physical characteristicssignificantto the performance of asphalt

paving mixtures.

The project will focuson three of the many technical tasks which were identified in the 1986

Research Plan. These tasks include Research Plan (SHRP) Tasks 1.4, 2.2 and 2.3;

SHRP Task 1.4 (Relationships of Asphalt Chemical ' and Physical Properties to Pavement

Performance)has two majorobjectives. The first objectiveisto assimilateinformationin the technical

literaturerelatingchemicaland physicalpropertiesof asphaltstopavement performanceand mixture

propertiesand to accumulatetest data for incorporationin the nationaldata base. An effort will be

made in this task (1.4) to evaluate and rank various asphalt properties as they affect pavement

performance. Such evaluationswill initiallybe based on information in the technical literatureand,

in laterstages, willincludeadditionalinformationfrom unpublishedinformationor on-going research

includingSHRP asphalt-relatedcontracts. The second objectiveis to provideinformationwhich will

be useful in planningand evaluatingactivitiesand resultsrelevantto Task 2.2.

The major objectiveof SHRP Task 2.2 (Testing and Measuring for Asphalt-Aggregate Systems

With and Without Asphalt Modification) will be to describe and standardize test methods for

measuring those propertieswhich characterizefatigue cracking, permanent deformation and low

temperaturecracking in asphalt-aggregate mixtures. A wide range of testswill be included in this

part of the investigation including provisionsfor aging, moisture sensitivity, and temperature

conditionsrepresentativeof a range of field conditions.

The majorobjectiveof SHRPTask 2.3 (Relationshipof AsphaltChemical and PhysicalProperties

to Asphalt-Aggregate Mixture Properties) will be to establish the relationship between asphalt

chemicaland physicalproperties, mixtureproperties and performance for a range of asphalts and

aggregates includingselected modifiedasphalts. An expanded test programwith selected tests for

fatigue, low temperature cracking,and permanentdeformationwill be included in this task.

1.2 OBJECTIVESAND SCOPE OF REPORT

This report documents the results of the initial literature review for SHRP Task 1.4. The

objectivesare to collect,summarizeand analyze informationin the technicalliterature(as of February

1990) which relates asphalt properties(both chemicaland physical)to pavement performance. This

reviewattempts to determinethose propertiesof asphalt cement and asphalt concrete mixeswhich
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can signilicantlyinfluence pavement performancewith an emphasis on asphalt cement properties.

The analysisconsistsof an examinationand interpretationof availabledata, if required, to determine

if any consensusexists in the literatureregarding the above relationships. If possible, threshold

values, regression or graphical relationsare presentedwith as much specificityas needed. It is

anticipatedthat the test methods developed by other project members willthen be sensitiveto the

asphalt propertiesidentified as important in this review. It shouldbe noted that this report is not in

final form; as more informationbecomes available,it willbe reviewedand appropriatemodifications

will be made for the final report.

Both chemical and physical properties of the asphalt are considered pertinent to this review.

The physical properties of greatest interest are generally penetration, viscosity, softening point,

temperature susceptibility,binder stiffness, ductility and other rheological characteristics. The

chemicalproperties includethe chemical compositionfactorsand functionalityof asphalt. The final

selection of specific physical and chemical properties is based on information provided by the

literature.

The primaryfocus has been on information from test roads, particularly those where tests for

asphalt cement properties were performed and the resultsrelatedto pavement performance. Since

the majorityof such work and their resultswere publishedafter 1950, the literaturesearch generally

concentrated on post-1950 publications and activities. However, any pertinent information of

historicalsignificancepublished before 1950 was also included. Asphalt modifiers have not been

included for study in this report at this time.

1.3 ORGANIZATIONOF REPORT

This report contains five chapters. The next chapter identifies the sources for the literature

reviewand the general format of the reviewprocess. Chapter2 also discussesthe selection,sorting

and prioritizingcriteria used in the literature search to identifythe most promising documents for

careful review and analysis. Chapters 3 and 4 provide in-depth reviews of controlled and

uncontrolledtest road literature,respectively. Controlled test roads are planned experimentalroad

trials which were constructed under controlledconditions. Uncontrolledroad tests are those that

were built with normal contract procedures, but where the performance was monitoredand the

asphalt properties were known or determined. Finally, Chapter 5 summarizes the results of the

informationreviewedto determineif any consensusexistsin the published literature'regardingthe

relationships between asphalt properties and pavementperformance.
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2.0 UTERATURE SF.ARCH

There existsa large body of informationthat is relatedto all aspects of pavement materialsand

performance. Much of the informationhas been accumulated during the past 40-50 years of

research, particularly for studies relating to field performance. The information exists in both

documented or published form as well as undocumentedpractice and experience. For this report,

only publishedsourcesthat relateasphaltpropertiesto field performancehave been examined. This

chapter describes the sources of informationexamined and the selection criteria used to identify

those sourceswhich were candidatesfor more careful review.

2.1 SOURCES OF INFORMATION

A variety of sources were relied upon during the literaturesearch. Librarydatabases, previous

literaturereviewsrelated to the subject,and inquiriesto membersof the research team resulted in

an extensive list of references to be evaluated for review. Sources of information included the

following:

1. TRIS (TransportationResearch InformationServices)- A library database produced by

the TransportationResearchBoardwhich contains records and abstracts of published

articlesand reports in the transportationfield.

2. COMPENDEX - A library database produced by Engineering Information Inc., which

providescoverage of significantengineeringand technologicalliterature. Each record

in COMPENDEX contains references to published articles and includes concise

abstracts.

3. Meivyl - This database includes all items contained in the librariesof the Universityof

California and California State Universitysystems. Particular attention was given to

references which are shelved at the Institutefor Transportation Studies (ITS) Ubrary

on the Universityof California,Berkeleycampus.

4. SHRP Research Plans: Final Report - This report contains 168 references on asphalt

propertiesand proved to be an invaluablesourceof pertinentreferences.

5. Bibliographyof Asphalt Research Studies,Volumes 1 and 2 - A list of references was

compiledby the Asphalt Institutein July 1985 for a variety of subject headings related

to asphalttechnology. Many referenceswere found to be pertinentto the investigation.

6. Previoussummaries - State-of-the-art summariesprepared by other researchers (eg.

Welbom 1979, Goodrich1984, Petersen1984,Halstead1985) provideddetailed,concise

reviewsof informationin the literatureexistingprior to the completion of the reports.
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7. Proceedings of the Association of Asphalt Paving Technologists (AAP'r) - The titles of

papers published after 1950 were reviewed to locate any important research that may

not have been included in the above sources of information.

8. Proceedings of the International Conference on the Structural Design of Asphalt

Pavements - Papers published from 1962 to the present were reviewed.

9. Transportation Research Board (TRB) Annual Meeting Program and Preprints ° These

documents for the 1989 and 1990 annual meetings were reviewed to include recent

literature not yet published.

10. Inquiries to Research Team - Requests to other members of the research team provided

information and findings of current ongoing projects as well as pertinent unpublished

information. The Expert Task Group (ETG) and SHRP staff also suggested references

for review.

The project team will continue to identify and collect pertinent sources of information as they

appear, particularly as on-going research is completed.

2.2 SELECTION PROCESS

During the early stages of the literature review, criteria were established to identify those sources

which specifically related to the project from the large amount of available information. References

were arranged into one of three categories (Figure 2.1) depending on their relevance to the project.

Category 1 contains all of the references collected from each of the sources discussed in

Section 2.1. These items resulted from key word searches of the computer databases and title

searches of the other sources. This listinghas grownto over 700 documents(as of February 1990),

and it was used as a master list to develop the Category 2 and Category 3 reference lists.

Category 1 references passed to Category 2 if they had potential usefulness to the A-O03A

project. The followingacceptance criteria controlledthis selection:

1. The reference included information on pavement performance; specifically in the areas

of fatigue cracking, rutting, low temperature cracking, aging and water sensitivity.

2. The reference included information relating asphalt cement properties (physical or

chemical) to pavement performance.

3. Generally, references published after 1950.
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Category 1

Approximately 700
references pulled from

sources discussed in 2.1

First Selection

Category 2

References with potential
usefulness to A-003A.

Entered information into
Pro-Cite database.

Second Selection

Category 3

High applicability to
A-003A. Field performance
data available. Summarized
on reference review forms.

Figure 2.1 Selectioncriteria used for SHRP A-OO3A
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4. Reference information specifically identified by the other project members was

automaticallyclassifiedas Category 2.

All Category 2 references were entered into Pro-Cite, a microcomputer-basedbibliographic

database. Then, the abstract, introduction and conclusionsof all Category 2 references were

examined. Two main criteriawere used to determinewhich referencesshouldbe subjectto detailed

review(Category3). Those criteriaincluded"Applicabilityto A-003A"and 'Type of performancedata.'

To be applicable to A-003A, the reference must have contained informationthat explicitly relates

propertiesof asphalt to one or more of the five performance parameters;fatigue cracking, rutting,

low temperature cracking, aging, or water sensitivity. Field and laboratory performance data on

asphalt pavements or asphalt mixturesas related to propertiesof asphalt cement were considered

mostvaluable. In particular,references describingtest roads or field test sections were considered

to be of highest priority. References in which asphalt propertieswere related to field performance

data only were also of prime importance. References which did not include or make reference to

field performance data were given a lower priority.

2.3 REVIEW FORMAT

The Category 3 referenceswere reviewedand summarizedon the Reference ReviewFormwhich

is reproduced as Figure 2.2. The source, research objectives, asphalt properties measured,

performance data (both laboratory and test road), conclusions,applicability to A-003A, and other

comments were recorded on the forms and entered into Pro-Cite. This format allowed quick

summarization of the reference to determine its relevance to the objectives of the A-003A

investigationand also served as a startingpoint for in-depth reviewof the references.

2.4 PRIORITIZING CRITERIA

Only a limited number of the Category 3 references could be reviewed in great detail. A

prioritizationmatrix was developed to insure that the references providingthe best informationto

meet the objects of this projectwere subject to this careful review. The matrixis shown in Figure

2.3 with the lowest numbers of the cells correspondingto the highestpriority. The prioritizingcriteria

included applicability to A-003A and type of performance data. A descriptionof these criteriafollows.

Applicabilityto A-003A

There were two categories for this criterion;"Applicable,"and 'Requires further evaluation.' A

reviewof the abstract, the conclusions,or possibly the report itself was necessary to confirmthe
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applicabilityidentifiedduringthe Category 2 review. If this informationwas readilydetermined from

a quick review,the report was assigned as 'Applicable." If applicabilitycould not be determined

withoutfurther review,it was categorizedas "Requiresfurther evaluation.' In some cases, references

with potential applicabilityin Category 2 were not confirmedand the referenceswere not assigned

a sortingcode.

Type of PerformanceData

This criterionhad three categories;field and laboratorydata, field data only, and laboratorydata

only. Laboratory testingof asphalt propertieswas included in all Category 3 reports regardlessof

the type of performancedata reported. Examplesof field data include but are not limitedto fatigue

or lowtemperaturecrackingobservations,rut depthobservations,or laboratorytests on field samples

to determineaging orwater sensitivity.Examplesof laboratory data includeperformancetest results

on the asphalts or on asphalt mixturesprepared in the laboratory, such as creep or fatigue tests.

Reportswith both field performance observationstogether with laboratory performance data were

assigned highest priorityfor this criterion. Reports with only field performance observationswere

ranked next, followed by those containing laboratory performance data only.
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3.0 CONTROLLED TEST ROADS

Controlled test roads are planned experimental road trials using asphalts of differenttypes and

sourcesand constructedundercontrolledconditions. This definitionis derived fromWelborn (1979).

These roadtests are importantsincethey providefield performancedata as wellas detailedasphalt

propertiesobtained from laboratorytesting. Test road projects considered most relevant to this

investigationhave been included in this report for reviewand analysis.

This chapter presentsthe resultsof the literature review (as of February 1990) on controlledtest

roads. For each test road, a descriptionis provided,together with the asphalt propertiesmeasured

and pavement performance results. The results, conclusionsand relationshipsderived are also

presented. AppendixA containsadditionaltables and figureswhich providemore detailsand which

may be of interestto the researcher.

3.1 ZACA-WIGMORE

Description

The Zaca-WigmoreAsphaltTest Road (Hveem et al. 1959, Zube and Skog 1969, Skog 1959,

1981) was constructed in 1954-1955 in California near Santa Barbara to test new asphalt

specificationsdeveloped by the then CaliforniaDivisionof Highways. A series of test sectionswere

built as part of a state highway contract. Ten asphalts in the 200-300 penetration grade were

selected, of which 6 met the new specifications,2 met the previousspecificationsand 2 asphalts

whichwere not commerciallyavailable in Californiawere also includedto aid in the evaluation. The

main differencein the new specificationswas a change in flash point requirementsand a reduction

in weight loss and a higher retained percentage of originalpenetration after the standard loss on

heat test. The test method for the flash pointwas changed fromClevelandOpen Cup to the Pensky-

Martens Closed Cup test. However, it is not clear from the studies if the new specificationswere

accepted, as current specificationsuse the Cleveland Open Cup. With one exception, all the

asphalts represented different crude sources and methods of production. The asphalts were

producedfromthree major areas broadlydescribedas the LosAngelesBasin, the Kern Basinat the

southernend of the San Joaquin Valley, and the Santa Maria field along the Coast. The exception

was a mid-continent crude source asphalt refined in Arkansas (Smackover). Based on a

recommendedasphalt content range of 5.6 to 6%, the actual contents used were 5.5%, 5.6% and

5.8%. Asphalt I-2 from Arkansas was assigned an asphalt content of 5.8 and 6.3%. The physical

propertiesof the asphalts used are summarized in Table A.1 of Appendix A.
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The anticipated 10-year 5000-1bequivalent wheel load was 10.7 million. The project consisted

of converting an existing two-lane highway into a four-lane divided expressway by constructing 2 new

lanes and widening the existing pavement. The structural sections for both alignments are shown

in -Appendix A as Figure A.I. Construction was carried out in 3 periods between October 1954 to

March 1955. The last construction period, from February to March 1955, was sufficiently different

(rain storms) to conclude that the test sections built at this time could not be compared with the

other 2 periods. Therefore, sections constructed during the February to March period and during

the October to February period were analyzed as two separate projects.

The pavements were evaluated at various intervals for approximately 10 years using deflection

measurements (Benkelman Beam) and, cores as well as visual observation and crack surveys. The

quantity of transverse, longitudinaland alligatorcracks were measured in both travel and passing

lanes. In addition, other distresstypes were noted including raveling and block cracking. The

limitingperformance criterionwas set at 10% of the surface showing alligatorcracking in the travel

lane. Changes in the original properties of the asphalts during mixing and throughout pavement

service life were also studied.

Results

Ten sections showed some amount of distress between 38 and 92 months of service with seven

sections remaining in satisfactory (less than 10% cracking) condition after 9 years. All of the latter

performance were from sections on old concrete. An interesting observation is that there is a rapid

increase in alligator cracking after a certain period of time (Figures 3.1 and 3.2). This occurred after

1-3% of the travel lane area was affected. Prior to resurfacing the road in 1964, a number of badly

alligator-cracked pavement areas were removed and it was observed that the fatigue cracking started

at the bottom of the leveling course and progressed upward through the mix.

A straight line can be used to approximate the relationshipbetween the amount of cracking and

pavement age. This allows extrapolation of the curves to any service age. Using this method the

percentage of cracking at 97 months of service life was determined. The penetration of the

recovered asphalt at this time was also determined from cores. The results (Figure 3.3 and Table

3.1) indicate that as the percent of fatigue cracking increases, the penetration of the recovered

asphalt decreases. (NB: The "Pave.Per" column in Table 3.1 refers to the Paving Period of each

section.) For the Zaca-Wigmore project, the results indicated that a penetration of 30 is the

approximate critical consistency for the failure criterion adopted. A similar correlation with viscosity

at 77°F and 0.05 sec"1 shear rate was also found with a viscosity of approximately 20 megaPoises

occurringat the failure criterion.
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Hardening with age as measured by the penetrationtest is shown in Figure 3.4. The curves

show a rapid increase in hardening (decrease in penetration)during the first 16 to 20 months,and

a decrease in the hardening rate thereafter. In the case of asphalt I-2 where two asphalt contents

(5.8% and 6.3%) were used, it was possible to evaluatethe effectof asphalt content and air voids

(Figures3.5a and b). For Figure 3.5a, the lowerasphaltcontent showsa lowerpenetrationthan for

the higher asphaltcontent. The rate of hardeningis also differentafter about 11 monthsof service.

Durabilityis generallydefined interms of changes inphysical(rheological)propertiesof asphalt.

An asphalt with good durabilitywould exhibit a high resistance to change in such properties as

penetration,ductility,viscosity,andtemperaturesusceptibility.The durabilityof asphalts used at the

Zaca Wigmore project were measured by the Shell microviscometertests on the originaland aged

asphalts (Simpsonet al. 1959). The results,for thoseasphaltstested, both fromlaboratory and field

aged conditions,are shown in Figures 3.6a and 3.6b. The microfilmdurability test was used to

artificiallyage the bulk asphalt in the laboratory. The authorsstate that it is not the purpose of the

microfilmdurability test to predict the viscositywhich an asphalt will attain in a road within a certain

time as thiswilldepend on many factorssuch as the mixdesign,compactionand climate. However,

the microfilmdurabilitytest does predict the relativerate at which a number of asphalts will harden

in the road if all are used under the same conditions.

Other general conclusions reported by Simpson et al. also indicated that asphalt viscosity

decreased with increasingdepth in the pavement indicatingthat hardening of the asphalt is greatest

at the top and decreaseswith increasingdepth in the pavement. In general, the asphalt in the top

0.25 inch has a higher viscositythan the rest of the pavement. It was also noted that the general

level of viscosityof the recoveredasphalt is related to the air void content in the compacted mix.

Figure 3.7 showsthe resultsof two coreswith an age of 32 monthstaken fromthe same pavement

section but with differentair voids. At the surface and at a depth of 3+ inches,the effectof air voids

on viscosityis not clear; however,between 1 inch and 3 inchesfromthe surfacethere is a difference

of 9:1 to 2:1 in viscosity in the range of 1 megapoiseto 10 megapoises at 77°F. The high void

contentswould be expected to lead to more rapid hardening in use.

Davisand Petersen (1967) used inverse gas liquid chromatography (IGLC)to study the asphalts

from the Zaca-Wigmoretest road. The principleof the IGLC technique is to measure the retention

behavior of selected test compounds that possess different functional groups such as phenol.

Retention behavior (as described by Davis and Petersen) is a measure of functional group

interactions between the test compound and the asphalt, and is thus related to the chemical

composition of the asphalt. Studies were made to determine the relationship between the IGLC test
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resultson the weathered asphalts and their in-serviceperformanceand the changes in the asphalts

duringthe laboratorymicrofilmdurabilitytest. A good correlationwas found between service life (as

defined by the 10% cracking criterion) and the phenol interaction coefficient (Ip) as shown in
Figure 3.8. (This figure is an update of that showninthe 1967 paper by Davis& Petersen, and was

reported in the discussionfollowingZube & Skog's 1969 report. BothTest Sections B-1 and J had

not failed as of 1969.) The phenol interactioncoefficientis a measure of asphalt polarity. The

asphalts that developed greater amountsof strongly interacting polar groups during aging had a

shorter servicelife. ResultsfromPavingPeriod2 were not plottedas the majorityhad not failed after

113 months of service. Although a good correlation is shown between Ip and service life, Dr.

Petersencautionsthat these data may not necessarilymatch with performance data in other road

tests. This may be due to variationsin engineeringand environmentalvariables,as well as different

asphalts. There exists asphaltswhose phenol I's on oxidation are not a good indicator becausep

of a poor balance or incompatibilityof molecularcomponents. For the Zaca-Wigmoreasphalts, it

was found that an Ipless than 145 resulted in a servicelife of greater than 100 months.

In a laterstudy, Schmidtand Santucci (1969) reported that three alternativemicrofilmdurability

tests,the Thin Film PlateDurabilityTests (TFP),the RollingMicrofilm(RMF) and the RollingMicrofilm

on OriginalAsphalt (RMFO) all correlate equally well with the pavement life obtained at the Zaca-

Wigmoretest road. These three tests are modificationsof the Thin Film DurabilityTest (TFP) used

experimentally by the California Division of Highways. The first modification measures the

microviscosityat a constant stress level instead of constant shear rate. The other modifications

expose the asphalt as a microfilmin the interior of a bottle instead of a glass plate. The authors

state that althoughstatisticallythe correlationsare not significantlybetter than those of the Thin Film

Oven (TFO)or the RollingThin Film (RTF) oven exposures,their tests are quitedifferentintheir ease

of determinationand precision. According to the authors,the RMFO test is the most convenient,

economicaland most reliableof these microfilmtests. Figure 3.9 illustratesthe correlationfor the

RMFO residuaviscositieswiththe Zaca-Wigmore pavement life. Note that Methods I and II refer to

the method used to estimatethe failuretime of each test section. In Method I, failure is taken at the

time where each best-fitline interceptsthe 10% cracking level. Method II curves were drawn with

slopes that are the average of all the slopes from Method I. Using Method I, a viscosity of 20

megaPoises (at 77°F, 167 g/cmz on RMFO residue)would result in a service life of approximately

80 months for Period I paving. The two curves in each graph relate to the two different paving

periods.
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Conclusions

It should be noted that these resultswere obtained for pavement structures of 4-inch AC over

a cement treated base and a 4-inch AC overlay over existing PCC pavement. From this review of

the studies on the Zaca-Wigmore test road, the following conclusions were made.

1. There is a rapid increase in alligatorcracking after a certain period of time. This occurs

after 1 to 3% of the travel lane area has been affected by cracking.

2. The occurrence of fatigue (alligator) cracking was inversely related to the recovered

penetration of the asphalt. The limiting value of penetration related to 10% fatigue

cracking was 30. For viscosity at 77°F and 0.05 sec "1 shear rate, the limiting value was

approximately 20 megaPoises.

3. There is a rapid increase in hardening the first 16 to 20 months and a decrease in

hardening rate thereafter.

4. The Shell Modified Microfilm Durability test correlated well with changes in viscosity of

recovered asphalt used on the Zaca-Wigmore project.

5. In general, higher air void contents tend to result in higher viscosities.

6. As the phenol interaction coefficient of an asphalt increases, the service life (10% of

cracking) of the pavement decreases. At Ip'S of less than 145, service life is greater
than 100 months.

7. The Thin Film Plate Durability Test (TFP), the Rolling Microfilm (RMF) and the Rolling

Microfilm on Original Asphalt (RMFO) correlate well with pavement life.

8. It is apparent that the different asphalt sources exhibited different performances,

although it is not known which asphalts were used to construct a particular test section.

3.2 STE. ANNE

Description

The Ste. Anne Test Road, constructed in Manitoba in 1967, was built to study low temperature

cracking of asphalt pavements (Burgess et al. 1971, 1972; Gaw et al. 1974; Deme & Young 1987).

The study also included laboratory tests to examine the theoretical aspects of low temperature

cracking and made comparisons with field performance.

The test road was all new construction and contained twenty-nine 400 foot pavement sections,

24 feet wide. One-half of the road was constructed on a heavy clay subgrade and the other half on

a sand subgrade. The test location experienced some 3000 to 4000 degree days of freezing and

ambient temperatures ranged from 100°F to -45°F. Annual precipitation is approximately 20 inches.
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The road was new construction and carried an ADT of 1,250 of which some 10 percent was

classifiedas truck traffic. Instrumentationwas installedto measure temperatures within the road

structureand to provideinformationon the initiationof transversecracking. Cracking frequencyand

crack pattern data were obtained from visual surveys. It should be noted that the test road was

designedfor early failure.

Four differentbinders were used on the project;an SC-5 liquid asphalt made from a high

viscosity base asphalt, a 150-200 penetration LVA (low viscosity asphalt with a relatively high

temperaturesusceptibility,PI = -2.7), a 300-400 penetrationLVA (PI = -2.9) refined from the same

crudesource,and a 150-200 penetrationHVA (highviscosityasphaltwitha relativelylowtemperature

susceptibility,PI = -1.4). The lowviscosityasphaltshad waxy characteristicswhilethe highviscosity

asphalts did not (Gaw et al. 1974). It shouldbe notedthat the 150-200 HVA and the 300-400 LVA

have similarviscositiesat 39.2OF. Propertiesof the bindersare shown in Table A.2. Three different

asphaltconcrete mixeswere used:

(a) A blend of 80% limestone and 20% igneous material having 50% crushed particles

retained on the No. 4 sieve, with 2.5% of the aggregate passingthe No. 200 sieve,

(b) The same blend of 80% limestoneand 20% igneous material,with approximately3.0%

additional cement filler,and

(c) 100% igneous aggregate with all sizes crushed and with 5.5% passing the No. 200

sieve.

An experimentalfactorial showingthe variouscombinationsof factors used for the test sections

is shownin Figure3.10. Accordingto the factorial,each of the binderswere fromWestern Canadian

Crudes, although it is presumedthat the sources may havevaried between binders. Three different

asphalt contentswere used; Marshall optimum, 1.0% below optimum, and 0.5% above optimum.

Three different structuralsectionswere studied; asphalt concretewith granularbase over both sand

and clay subgrade,and full depth asphaltconcrete over clay subgrade.

Results

Field observationsduringthe winter of 1967-1968 (Burgesset al. 1971) indicatedthat transverse

cracks were initiated at the surface of the pavement and propagated downward. The pavement

surface temperature was lowestwhen the atmospherictemperature was close to the minimumfor

the day concerned. Most of the cracks did not penetrate into the binder course but were limitedto

the colder and stiffersurface courses. The pavements containing the 150-200 LVA cracked at a

pavementsurface temperatureof approximately-34oC, whereas the pavement containing 300-400
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LVAon the clay subgrade cracked at approximately -37oC. MixescontainingSC-5 and 150-200 HVA

did not crack at -38.3°C, the lowestpavement surface temperature recorded during the winter of

1967-1968. After 3.5 years of service, no signs of transverse cracking had yet appeared on the

150-200 HVA or SC-5 test section (Burgess et al. 1972). The other two test sections exhibited

transverse cracking.

The Ste. Anne test road was monitoreduntil1975 when the then eight-year-oldpavementwas

overlaidwith5 inchesof asphaltconcretemade withSC-5 liquidasphalt. Just before the pavement

sections were overlaid, the test sections were surveyed again (Deme and Young 1987). It was

observed that the softer300-400 LVA pavementsexhibitedlesstransversecrackingthan pavements

containingthe harder 150-200 LVAon clay subgrade and delayed crackingfor fiveyearson the sand

subgrade. The relativelylow temperature susceptible150-200 HVA (PI = -1.4 vs -2.7 for 150-200

LVA) did not crack after eight years on the clay subgrade and delayedcracking for fiveyears on the

sand subgrade. The SC-5 liquid asphalt sections exhibitedno crackingafter eight years.

Pavementstructure factors were also found to affect the degree of transverse cracking. The

thicker10-inchasphaltconcretepavementconstructedwith150-200 LVA on claYsubgrade exhibited

only 40 percent of the transverse cracking of the pavementcontaining4-inch asphalt concreteon

16 inches of crushed gravel base with the same binder and subgrade. More transversecracking

was found in the pavement sectionsconstructedon sand subgrade as compared to clay subgrade.

The interactionof subgradetype, trafficand asphaltaffected the time of crack initiationand cracking

frequency. A higher incidenceof transversecrackingwas observed in the traffic lanes for 300-400

LVA and 150-200 HVA binders than in the passinglanes on sand subgrade only.

Aggregate quality had a modest effect on cracking frequency withthe sections containing100

percentigneousaggregate and 150-200 HVA binder oversand subgradeexhibitingno crackingwhile

sections with local 80 percent limestone and 20 percent igneous aggregate showed moderate

transversecracking. Asphalt content,within the range of 1 percent below optimumto 0.5 percent

above optimum,and cement filler contentdid not show any significanteffect on transversecracking

accordingto Deme and Young (1987).

Crack Temperature Prediction- Hills and Brien Procedure

A comparison of predicted cracking temperatures with the actual cracking temperature recorded

in the field was performed. The predicted cracking temperature was determined using the procedure

developed by Hills & Brien (1966). In this procedure, the thermal stress (Oth)and breaking stress

(Obr)versus temperature curvesare plotted for a given cooling rate and their intersectiondetermines
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the predicted fracture temperature. An example of the thermal and breaking stress calculationfor

field aged Ste. Anne 150-200 LVA binder is shown in Table A.3. Determination of fracture

temperaturesfor fieldaged bindersrecoveredafter constructionare shownon Figure3.11. Predicted

fracture temperatures for the laboratory and field aged binders and the binders recovered from

actual pavement specimensafter 3.5 years in serviceare given in Table 3.2 (Burgess et al. 1972).

The less temperaturesusceptible150-200 HVA binder resultedin lower fracture temperaturesthan

the higher temperaturesusceptible150-200 LVA binder.

Crack Temperature Prediction- BinderStiffness

The results from further research connected with the Ste. Anne test road produced several

methodsfor predictingthe temperatureatwhichlowtemperaturecrackingwould occur. The primary

influencevariable for such predictionswas the stiffnessof the asphalt binder at low temperatures.

To investigatethis hypothesis,the stiffnessmoduliof the three field-aged binders recoveredafter

constructionat 10,000 seconds loading time as suggested by Krom and Dormon (1967) was

calculated using Van der Poers (1954) nomographand plotted as a function of temperature in

Figure 3.12 (Young et al. 1969).

Binderdata used to enterthe nomographwereobtainedby plottingpenetrationat three different

temperatureson the BitumenTest DataChart (Heukelom1973) and obtainingthe correctedsoftening

points. These corrected softeningpoints were used together with penetrationat 25°C to calculate

the Penetration Indices (PI). The corrected softening points and PI values were used to obtain

binder stiffnessvalues from the nomograph. In later work, Fromm and Phang (1971) determined

from the relationshipin Figure3.12 that the temperaturesat whichinitialcrackingof the 150-200 LVA

and 200-300 LVA binders occurred during the first winter correspondedto a binder stiffnessof

20,000 psi at 10,000 seconds loading time.

In a second procedure, Burgess et al. (1972) also calculated stiffnessmoduli for the binders

recoveredafter constructionat one-half hourloading time and plotted as a function of temperature

in Figure 3.13. Stiffness moduliwere calculatedusing the same procedure stated above. The

relationshipswere then combined with field performancedata which showed that mixescontaining

150-200 HVA did not crackwhen the pavementsurface reached a low temperatureof -38oc. From

the curve in Figure 3.13 it was deduced that mixes containingthis binder did not crack when the

stiffness modulus of the binder reached 2,550 Kg/cm2 (approximately36,200 ps0. Burgess et al.

(1972) assumed this binder stiffnessto be the maximum critical value at which pavements will

tolerate without cracking under low temperature conditions. Based on this assumption, it was

possible to calculatethe minimumpavementsurface temperaturesat which pavements containing
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Table 32 Predicted fracture temperatures for Ste Anne (Burgess et al 1972)

Binders

LV 150/200 LV 300/400 IN 150/200
Material oC. oC. oC.

Lab. Aged Ste. Anne Binders -47 -52 _59

Field Aged Ste. Anne Binders -48 -53 -59

Recovered Ste. Anne Binders(l) -47 -50 -52

Temp. of Star. $ig. Field Cracking -34 -37 -

Temp. of Appearance of First Field Cracks -29 -36 -

(1) After 3-1/2 years' field service.
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the other two binders could tolerate withoutcracking. These temperatures were estimatedto be -

29°C for mixes containing 150-200 LVA and -35oc for mixes containing 300-400 LVA.

Similar treatment of the data for laboratory aged binders produced minimum non-fracture

temperaturesof -30°C and -35°C for mixes containing150-200 LVA and 300-400 LVA respectively.

Predicted minimum non-fracture temperatures for both methods are shown in Table 3.3 in

comparisonwith those pavement surface temperaturesat which initial cracking and 'statistically

significant"crackingoccurred inthe field. These resultsshowthe average non-fracturetemperatures

to be consistentlyhigher than the temperature at which 'statisticallysignificant'cracking occurred,

and almost identicalto the temperaturesat which the very first cracks appeared in the field.

Using similar plots of stiffnessmoduli as a function of temperature for the three binders

recovered from the Ste. Anne text sections after 3.5 years of field service, minimum non-fracture

temperatures of -31°C, -28°C and -32°C for mixes containingthe 150-200 HVA, 150-200 LVA and

300-400 LVA binders, respectively,were calculated. These data indicate that the paraffinic low

viscositybinders aged (stiffened) inthe field over 3.5 years such that their predicted minimumnon-

fracture temperature increasedby 2 to 3°C. The naphthionic150-200 HVA, however, aged to the

extentthat the predicted minimumnon-fracturetemperatureincreased from -38°C to -31°C after 3.5

years. These data are illustratedin Figure 3.14.

Althoughthe pavementcontainingthe 150-200 HVA binder had not cracked after 3.5 years of

service, the point was stressedthat although a pavementcontaininga high viscositytype binder is

generallyconsidered more resistantto lowtemperaturecrackingthan one containinga lowviscosity

type binder, the recorded data in Figure 3.14 indicatethat after some 3 years of service, this is no

longer the case (Burgesset al. 1972). If, for example, the minimum pavementsurface temperature

obtained during the 1967/68 winter were only -32oC, neither the LVA 300-400 mixes nor the

HVA 150-200 mixeswould havecracked. If a pavementsurface temperature of .30oC were then to

be reached during the 1971/72 winter, the HVA 150-200 mixes would crack whereas the LVA 300-

400 mixeswould not crack (Burgesset al. 1972).

Burgess et al. (1972) cautioned that the prediction procedure using binder stiffness only

: indicatesthe low temperature crackingtendency of new pavement construction. The temperature

at which initial cracking may be expected will increase with the age of the pavement through

stiffeningof the binder. However,the authors felt that this increase in cracking tendency with
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Table 3.3 Field cracking temperature vs estimated minimum non-fracture
temperature based on binder stiffness moduli for Ste. Anne (Burgess
et al. 1972)

LV 150/200 LV 300/400
oC. oC.

Estimated Minimum Non-fracture Temp.

- Field Aged -29 -35

- Lab. Aged -30 -36

- Average -29 -35

Temperature of significant Initial Field

Cracking -34 -37

Temperature When First Field Cracks

Appeared -29 -36

i
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pavement age could be predicted from a knowledge of the aging characteristics of the binder(s)

involved during the service life of the pavement.

In a third procedure, Gaw et al. (1974) derived "empirically corrected predicted stiffness values"

for the asphalts based on the relationship between predicted stiffness obtained from van der Poel's

1954 nomograph and stiffness measured directly with the Shell sliding plate rheometer using

procedures described by Fenijn and Krooshof (1970). The 'empirically corrected' stiffnesses were

obtained by applying an adjustment factor to the predicted stiffnesses obtained from van der Poers

nomograph. This was based on the relationship between predicted stiffness and experimentally

measured stiffness values at -10°C and by assumingthat both methods would coincide at 3 x

109N/mz. The "empiricallycorrected"stiffnesses for the three laboratoryaged binders are plotted

as a function of temperature in Figure 3.15.

From these relationships,Gaw et al. (1974) determined that the temperatures at which initial

cracking occurred during the first winter corresponded to a binder stiffness of 109 N/mz (1.4 x 105

ps_ at 1/2 hour (1,800 seconds) loading time for both 150-200 LVA and 300400 LVA binders. It is

pertinent to note that this stiffness and loading time was accepted by the Asphalt Institute's Ad Hoc

Committee (1981) as the limiting stiffness at which pavements crack.

Deme and Young (1987) compared the stiffnesses obtained from original, thin-film aged and

recovered asphalt properties from the pavement after five years (Figure 3.16). They noted a

progressive increase in binder stiffness modulus with time at warm temperatures but little change at

low temperatures in the regime at which transverse crack initiation was observed. This did not

substantiate field evidence which indicated a tendency for pavement cracking to increase with time.

Deme and Young (1987) attributed the increase in cracking with time to 'age hardening" or "structural

hardening" of the binder. They concluded that binder stiffness modulus was an excellent criterion

for predicting the initial critical cracking temperature. However, they expressed concern that this was

an inadequate tool for predicting long-term change in pavement cracking susceptibility as the binder

structure caused by structural hardening is altered in the binder recovery process.

Conclusions

The following conclusions are pertinent to the resultsand observations obtained from the Ste.

Anne field and laboratoryinvestigationsthat are outlined in this report:

1. Transverse cracking was initiated mainly at the pavement surface at a time when the

surface temperature was close to the minimum on a given day.
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Figure 3.15 Criticalbinder stiffnessat initiationof transversecracking
(after Gaw et al. 1974)
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2. The asphalt grade had a significant effect on transverse cracking with the softer low

viscosity300-400 pen asphaltcementexhibitinglesstransversecrackingthan the harder

150-200 pen asphaltcementfromthe same crude source on clay subgrade. In addition,

it delayed cracking for five years on sand subgrade.

3. The temperaturesusceptibilityof the asphalthad a significanteffecton lowtemperature

cracking with the less temperature susceptible (high viscosity) 150-200 pen grade

asphalt cement exhibitingno transversecracking after eight years on clay subgrade

and delaying cracking for five years on sand subgrade as opposed to the more

temperature susceptible(lowviscosity)150-200 pen asphalt which cracked during the

first winter on both subgrades.

4. The SC-5 liquid asphalt, a high penetration binder made from a high viscositybase

asphalt, exhibitedno crackingafter eight years.

5. The thicknessof the asphalt pavementstructureaffectedthe amount of lowtemperature

cracking. Fortypercent lesscrackingoccurredinthe full-depth10-inch asphaltconcrete

pavement on clay subgrade as comparedto the thinner 4-inch asphalt concretewith

16-inchcrushed gravel base pavementon clay subgrade.

6. The cumulativeeffectsof trafficincreasedthe frequencyof transversecracking on some

of the pavementswith the sand subgrade.

7. Lesscrackingforthe same bindertype (150-200HVA) was found in the asphalt concrete

mixescontainingthe 100% igneousaggregatesas comparedwith mixescontaining80%

limestoneand 20% igneous aggregate.

8. Asphaltcontent didnot influencecrackingwithinthe range of one percentbelow to one-

half percent above Marshall optimum.

9. Mix filler content did not influence crackingwithin the range of 2% to 5.5% finer than

75#m (No. 200 sieve).

10. The criticalstiffnessmoduliforthe asphaltbinder at the time of crackingwas determined

to be 109 N/mz (1.45 x 105 psOat a loading time of 0.5 hour.

11. Pavementsfor which the stiffnessmoduliexceeded the limitsin item 10 crackedduring

the firstwinter.

12. While recoveredbinder stiffnesscorrelatedwith transversecracking initially,itsprecision

was found to diminishwithtime for predictingchanges in susceptibilityto cracking. This

was attributed to the reversalof "structuralhardening" during binder recovery from the

pavement.
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3.3 PENNSYLVANIA(1976)

Description

In 1976, sixtest pavements were constructed on TrafficRoute 219 in Elk County, Pennsylvania

usingsixAC-20 asphaltcements from f'wedifferentsources (Kandhal, Mellottand Busso 1984). The

objectiveswere to; (a) studythe change in asphalt propertieswith age for in-servicepavements,(b)

determinethe effect of rheologicalproperties at 77°F (25°C) or lower temperatures on pavement

performance and durability, and (c) develop suitable specifications for AC-20 asphalt cement to

insure durable pavements.

The test road was built on a two-lane 20 foot wide highway with an ADT of 3700. Each test

section was approximately2000 feet long and consistedof a 1.5 inch resurfacing of an existing

structurallysound pavement. The structureof the existingpavementwas as follows:

1. Subgrade - consistsof silty soil (AASHTO ClassificationA-4).

2. Base - 10 inch crushed aggregate base and 3 inch penetration Macadam (constructed

1948)

3. 3 inch binder and 1 inch coarse sand mix (constructed 1962) surface treatment (placed

1974)

4. 1.5 inch bituminousconcretewearing course (placed 1976)

Mix compositionand compactionlevelswere held reasonably constant on all test pavements.

The mixtemperature for each test pavement was adjusted to obtain a mixingviscosity of 170+20

centistokes to ensure more uniform construction. The only significant variable was the asphalt

source. The crude sources, methodsof refining and chemical compositionsare given in Table 3.4.

AsphaltsT-1 and T-5 came from the same refinery. The properties of originalasphalt cements and

asphalts recovered just after constructionare given in Tables A.4a and A.4b respectivelyand are

plotted on BitumenTest Data Charts developed by Heukelom (1973) in FiguresA.2 through A.7.

Results

A very cold winter (1976-1977) followedconstructionof the test pavementswith airtemperatures

reachingas lowas -20°F (-29°C) and minimumpavementtemperatures2 inchesbelow the pavement

surface reaching-10°F (-23°C). Visual observationsindicated that two pavements (T-1 and T-5) out

of the original sixdeveloped low-temperaturecracking.These two pavementscontained asphalt from

the same crude source and were both refined by vacuum distillationwith propane deasphaltizing

while the others were refined by steam or vacuum distillation. The results of crack surveys
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conducted within 3 years of construction are given in Table A.5. In this table, the cracking index as

referenced by Fromm and Phang (1972) was used except 1/4 of part width (P) cracks of 2 to 8 feet

were also added. The typical crack configuration for T-1 and T-5 pavements is shown in Figure 3.17.

After 6 years of service, the existing cracks on sections T-1 and T-5 had widened and more

cracks developed with each successive winter while the other test pavements gradually started to

develop cracking to different degrees (Kandhal, Mellot and Busso 1984). Longitudinal cracking (as

part of block cracking) was extensive in sections T-1 and T-5 as well. Performance ratings obtained

6 years after construction are presented in Table A.6. Each category was rated on a scale from 1

to 10. A perfect pavement would have a rating of 40. Results of a transverse crack survey

conducted 5 years after construction is shown in Table A.7. Again, the cracking index shown in this

table was modified to include 1/4 of part width (P) cracks.

The temperature susceptibility of the original asphalts and asphalts recovered immediately after

construction was determined by three indirect methods: (a) the PI (pen/R & B) method (Pfeiffer and

van Doormaal 1936), (b) the PI (pen/pen) method (Heukelom 1973), and (c) the PVN method

(McLeod 1976). The results of these measurements are shown on Table 3.5. Asphalt T-1 was the

most temperature susceptible according to all 3 methods followed closely by asphalt T-5. Kandhal

et al. (1984) found that the Penetration Index numbers based on the Heukelom method, Pi (pen/pen),

were substantially lower than the Penetration Index numbers using the Pfeiffer and van Doormaal

method (PI (pen/R&B)). It was also found that, of the three methods, the McLeod method (PVN)

showed the least change in temperature susceptibility between original asphalts and asphalt

recovered just after construction while the Penetration Index values obtained by the other methods

showed greater change.

Stiffness moduli for the original asphalts were determined indirectly using three methods. For

each method, a loading time of 20,000 seconds and temperatures of -20°F (-29°C) and -10°F (-

23°C) were used. The three methods used are described below:

1. Original van der Poel Method (Method I) - The original method as described by van der

Poel (1954), in the form of a nomograph. This method uses penetration at 77°F (25°C),

softening point (R & B) and PI (pen/R & B).

2. Heukelom Modification (Method II) -This method (Heukelom 1973) uses penetration at

two or three temperatures, "corrected" softening point ('1"800)pen and PI (pen/pen). The

original van der Poel homograph is used for determining stiffness modulus.
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3. McLeod Method (Method III) - This method (McLeod 1976) uses penetration at 77°F

(25°C) and viscosityat 275OF(135oc).

Resultsare shownon Table 3.6. Kandhal,Mellot& Busso(1984) observed that the modulusvalues

obtained from the Heukelom method were significantlyhigherthan the other methods for asphalts

T-l, T-3, T-5 and T-6. However, all three methods showed that the two asphalts that developed

excessive low-temperaturecracking (T-1 and T-5) had the highest stiffnessmoduli.

The stiffnessmoduli of asphaltsrecoveredimmediatelyafterconstructionalso were determined

by the same three methods at -10°F (-230(3)and -20°F (-29°C) for both 10,000 second and 20,000

second loading times (Table 3.7). Based on Ste. Anne Test Road data (Young et al. 1969), Fromm

and Phang (1971) havesuggested a limitingstiffnessforfield aged asphalt of 20,000 psi at a loading

time of 10,000 seconds to eliminate cracking. This stiffness modulus was calculated using

Heukelom's (1973) suggested procedure. The two asphalts that showed early cracking (T-1 and T-

5) had stiffness moduliat -10°F and 10,000 seconds loadingtime above that limit.

In July 1977, a specificationrequirementfor AC-20 asphalt cement for use in cold regions of

Pennsylvaniawhere the Air Freezing Index exceeds 1000 degree/days was implemented. The

specificationrequirementallowsa maximumpermissiblestiffnessmodulusof 275 kg/cmz (3905 ps0

at -10°F and 20,000 seconds loading time based on McLeod's (1976) method. The 275 kg/cmz

value was selected since it was midway between the highest asphalt stiffness for uncracked

pavements (200 kg/cmz for asphalt T-4) and the lowestasphaltstiffnesson the cracked pavements

(375 kg/cm2 for asphalt T-5). The specificationwas implementedby specifying minimalallowable

PVN andviscosityat 275°F for variouspenetrationvalues. The minimumallowablePVN and viscosity

at 275°F requirementswere set suchthat the stiffness wouldnot exceed 275 kg/cmz (3905 ps0 when

calculated using McLeod's method.

Twenty months after construction, core samples were taken and asphalt cements were

recovered. The recovered asphalt propertiesare presentedon Table A.8. The PI (pen/pen) values

of the originaland aged asphalts showedlarge increases(decreasedtemperaturesusceptibility)after

20 months,whereas PVN values have changed very little(Tables A.4a, A.4b, and A.8). Due to the

large changes in the PI (pen/pen) values,the stiffnessmoduliof most asphalts determined by the

Heukelom method using PI (pen/pen) decreased after20 monthsrather than increased.
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Six years after construction,core samples were again taken and recovered asphalt current

properties measured as shown in Table A.9. Asphalts T-1 and T-5, which exhibited the most

transversecracking, had the lowest penetrationsat 15 and 22, respectively.

Conclusions

The followingconclusionswere drawn from thisresearchproject. It shouldbe noted that these

conclusionsare based on a 1.5 inch overlaycontainingthe test asphalts of an existingstructurally

sound pavement. Note also that the authors did not specifically relate Rostler's parameters to

performance despite their measurement. It is likelythat their initial hypothesiswas to determine if

some relationshipcould be establishedbetween the parameter and performance. The fact that no

relationship was reported suggests that no correlation was found. Nevertheless, the authors

contributeto the general body of knowledgeas regards typical values for Rostler'sparameters.

1. Temperature susceptibilityof the originaland lab aged asphalts as determined by PI

(pen/pen) values (Heukelom 1973) are substantially lower (ie. more temperature

susceptible)than PI (pen/R & B) values(Pfeiffer & van Doormaal 1936) and PVN values

(McLeod 1976). PVN values are comparableto PI (pen/R & B) values and were within

+0.4 with an average differencewithin0.1.

2. PI (pen/pen)values (Heukelom)generallyincreasedsubstantially(decreasedtemperature

susceptibility)when the asphalt cements were aged, whereas changes in PVN values

were minimal.

3. Stiffnessmoduliof the originalasphalt cements, determined from van der Poers (1954)

nomographsusingPfeifferandvan Doormaal's(1936), Heukelom's(1973),and McLeod's

(1976) methodswere in agreement that asphalts T-1 and T-5 had the highest stiffness

values, respectively. Pavementsconstructedwith these asphalts sufferedsevere non-

load associated transverse cracking. It is pertinent to note that these asphalts were

refined by propane deasphalting and vacuum distillationwhile the other asphalts were

refined by vacuum distillationand steam distillation.

4. The limiting stiffness criterion of 20,000 psi at 10,000 seconds loading time

recommended by Fromm and Phang (1971) for asphalt recovered immediately after

construction,using PI (pen/pen) and correctedsoftening point suggestedby Heukelom

as the basis of calculation,was verified. Asphalts recoveredfrom sectionsT-1 and T-

5 had stiffness moduli over 20,000 psi at -10°F (-23°C), recorded 2 inches below the

pavement surface, at 10,000 seconds loading time.

5. From the limited data available, a maximum permissible stiffness modulus of 275

kg/cmZ(3906 ps_ for the originalasphaltcement (at a minimumpavement temperature
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of -10°F (-23°C) and 20,000 seconds loading time), based on McLeod's work, was

incorporatedintoAC-20 asphaltcementspecificationsfor cold regionsof Pennsylvania

6. V'_cosityat 140°F or 275OFof recoveredasphalt after 6 years did not correlatewith the

pavement performance.

7. Penetrationat 77°F of the recoveredasphalt after 6 years indicates a general trend:

lower penetrationassociatedwith poor performance and vice versa. Asphalts%1 and

T-5, used by the poorest performing pavements, had penetrations of 15 and 22,

respectively. AsphaltT-3, used in the best performingpavement, had a penetrationof

35.

3.4 EUROPEANTEST ROADS ° FRANCE AND GERMANY

Description

Two controlled test roads were constructed in 1963 and 1964 in France and Germany

(Chipperfield & Welch 1967, Chipperfield et al. 1970) to study the behavior of eight 70.100

penetration bitumensin asphaltconcretewearingcoursesin hotJdryand cold/wetclimates. The test

road in France was laid out on Route Nationale7 (RNT)between Nice and Antibeswhere maximum

road temperatures of 140°F (60°C) are recorded to represent a hot climate. The test road in

Germany was laid on BundestrasseNo. 2 (B2) near Augsburgwhere minimum road temperatures

of -4°F (-20oC) are recorded to represent a cold climate. The French test sections were part of a

three-lane highway carrying approximately15,000 vehicles per day and the German test sections

were placed on a two lane highwaycarrying about 8,000 vehicles per day. In both test roads, the

sectionswere laidas 1.5 inch wearingcoursesfor resurfacingexistingroadsof uniformconstruction.

For each location, 110 test sections were constructed. Two mixturedesigns, two aggregates

and three binder contentswere studiedfor each of the eight asphalts in a 2x2x3x8 experimentwith

14 control sections containingthe number 1 bitumen. The experiment design layout is shown in

Figure 3.18. Originalasphalt propertieswere measured for each bitumenon both road trials (Table

A.10). The properties of the asphalts remained substantiallyunchanged between the France Test

Road (RN7) constructed in 1963 and the Germany Test Road (B2) constructed in 1964 with the

exceptionof BitumenNo. 1. This differencewasthoughtto be due to an unavoidablesmall change

in the basic feedstock between constructiondates. Samples of bitumenwere also shipped to the

USA and additional testing was performed by Materials Research and Development, California

Divisionof Highways, and the Bureau of PublicRoads. The resultsare given in Tables A.11, A.12,
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A.13a and A.13b, respectively. It is interesting to note that the Rostler durability parameter rated all

of the asphalts as having satisfactory durability or better.

PerformanceMeasurements

Performance measurements were conducted visuallyby a panel of observers. Overall condition

was evaluated in addition to assessment of disintegration, excessive binder, deformation, traffic laning

(differences in surface texture due to variations in traffic intensity across the lanes), general variability

and texture. Overall condition ratings were based on a six-point scale; VG (very good), G (good),

FG (fairly good), F (fair), P (poor), and B (bad). The ratings were subjective and those reported were

an average assessment agreed upon by the raters. Full details of the rating procedure are reported

in Chipperfield and Welch (1967). The number of test sections, by bitumen type, falling into the

various rating categories after 5 and 6 years for the B2 and R7 trials, respectively are shown in Table

3.8.

Effects of AQina

Chemical and rheological properties of the bitumens recovered after mixing, transport, laying,

and during service were measured to determine aging effects. The procedures used for sampling

and recovery are given in Appendix B of Chipperfield and Welch (1967). Viscosity measurements

at 15°C and 35°C using a sliding plate microviscometer (Griffin et al. 1957) on a constant shear

stress basis were reduced to a single master curve at 77°F (25°C) using principles of

time/temperature superposition. Viscosities were measured on recovered asphalts from mixes

sampled during construction and from the top 1/8 inch slice of field cores. Aging indices (recovered

viscosity/original viscosity) versus mixing, laying and time in service is shown in Figure 3.19.

Changes in broad chemical composition after mixing and infield service, as measured by a

modification of the Corbett and Swarbdck procedure (Corbett and Swarbrick 1958), is presented on

Table A.14 and Figures 3.20 through 3.23. In the modified procedure, the asphaltenes were

precipitated by n-heptane and the remaining material was separated by chromatography to give

saturates as an iso-octane eluate, cyclics as a toluene eluate and resins as a toluene/ethanol eluate.

The resultsof the above measurementsshowed that the major compositionalchanges occurred

mostly in the mixing and laying operations. Resultsshow a slight decrease in cyclics content and

increasesin the resins and asphaltene contentsfor all bitumens. The saturates contentsof the B2

bitumens were essentially unchanged, whereas for the RN7 bitumens, the saturates contents

increased slightly. This slight increase was thought to be caused by oil spillage contamination.

Chipperfieldet al. (1970) concluded that "...despitethe fact that the bitumenswere chosen from a
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Table 3.8 Summary of performancemeasurementsfor European test
roads after 5 and 6 years service (after Chipperfieldet al. 1970)

Rib im_n IF) Nllml3Rr

Rating 1 2 3 4 5 7 8 9

VG 12 6 6 6 6 6 6 6

G 29 12 14 15 15 15 15 13

FG 10 6 6 4 3 3 3 5

P 1 .......

NOTES:

1. Values in table are the number of test sections corresponding to
each performance rating separated by bitumen number.

2. Bitumen number 6 was not used.

3. VG-Very Good
G--Good

FG-Fairly Good
F-Fair
P-Poor
B-Bad
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wide range of crude sources and prepared by different processing routes, the overall chemical

changes of all the bitumens are remarkably similar for each test road".

Comparisons of Thin Film and Rolling Thin Film Oven Test (TFOT and RTFO'F')results with field

results for RN7 coarse graded basalt mixes are shown in Table A.15. The results showed that the

tests indicated viscosity changes fairly well but were not in good agreement with broad chemical

changes.

Conclusions

From the results of the studies, the following conclusions were drawn (Chipperfield et al. 1970).

These conclusions were based on a 1.5 inch overlay containing the test asphalts of an existing

pavement of uniform construction.

1. Despite differences in the initial characteristics of the asphalts, no large differences in

pavement performance attributable to the asphalts were found. The differences

observed in the various test sections after five and six years were accounted for by

differences in aggregate grading and type, and defects in the road structure.

2. If the performance of the road trials proceeded in the same manner, the eventual failure

of the test sections would unlikely be related to differences in bitumen properties.

3. Rheological measurements and broad chemical composition studies on samples of

bitumen recovered at various stages during the construction and service of test sections

have shown the bulk of the changes to occur during mixing and laying, with only slight

changes in the 5 to 6 year service. Air void contents for cores extracted 4-6 months

after construction generally ranged from 3 to 6 percent and after 20-24 months generally

ranged from 2 to 5 percent.

During the discussion of the Chipperfield et al. (1970) paper at the Association of Asphalt Paving

Technologists (AAPT) meeting, the point was raised by Welborn et al. that hardening of asphalt in

service is largely affected by air voids content and asphalt content with asphalt characteristics of

lesser importance. Because of the low air voids of the test roads, there was little chance for oxygen

to enter the asphalt mixture and react with the asphalt. Vallerga commented that the results of a

Bureau of Public Roads (now FHWA) study (Vallerga et al. 1970) indicated that hardening was

directly related to air voids content and voids filled with asphalt. At less than 3 percent air voids,

changes in asphalt properties were relatively insignificant. Over 3 percent, the changes were large.

Post-Study Observations

I
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In France, the test sectionswere inspected and measurementstaken after 11 years of service

(Welborn 1979). Over-all, serviceabilitywas still good, although there was a fair amount of

longitudinalcracking on one side of the road which appeared to have been caused by pipe-

trenching beside the road. Asphalt recovered from the upper 1/8 inch of core specimensshowed

only minorchanges in chemical compositionwith time.

In Germany, the wearing course had suffered such severe damage from studded tires that the

road required resurfacing and the study was terminated in 1971. The data obtained in 1970 and

1971 did not necessitate any modifications of the conclusions in the 1970 report.

3.5 MICHIGAN

Description

In 1954, Michigan constructed a controlled field experimental project consisting of six uniform

test sections in which 60-70 penetration grade asphalts from six different sources were used (Parr

et al. 1955, Parr & Serafin 1959, Serafin et al. 1967, Corbett & Merz 1975). The objectives were to

correlate in-service pavement performance with asphalt properties in order to compare the

performance of new asphalt sources becoming available in Michigan with asphalts that previously

had been giving satisfactory service. The main differences in physical characteristics were in

viscosity, temperature susceptibility, and resistance to hardening during hot plant mixing.

The test sections were built on a portion of US 10 with an ADT of 12,000 vehicles. Each test

section was 2,400 feet long and 40 feet wide with no transitions and consisted of a 3-inch overlay

on 23 year old reinforced concrete pavement with a granular subbase. The contractor was required

to use the same sources of aggregates in producing the bituminous mixtures for each of the test

sections, in addition, mixture proportions were maintained as uniform as possible in order to

eliminate any effects such variationswould have on pavementperformance or physical properties

of the asphaltor mixtures. The only significantvariablewasthe asphaltsource. The asphaltsource

for each section and compositionof the mixtures is shown on Table 3.9. Samples of asphalt

cements were obtained from tank car shipments and tested. The propertiesof the originalasphalt

cements are given in Tables A.16.

Pavement Performance

A 4-year coring and testing program, and visual observations gave little or no evidence of

differencesin performance of the pavement sections containing the 6 asphalts (Parr & Seratin 1959).

Reflection cracking was present in all sections. It was noted that sections 2 and 6 had a rough
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surfacetexture. This conditionhad been noted since constructionwhen mixescontaining these high

viscosityasphaltswere difficultto roll, leaving a rougher textured surface.

After 12 years, differences in performance of the test sections were minimal. Some engineers

inspecting the project felt that section 2 (Venezuelan crude) and section 6 (East Texas Talco crude)

exhibited more cracking and pitting than the other sections. Penetration and ductility of recovered

asphalts after 4 and 11 years are shown on Table A.17. The results show that asphalts 2 and 6 had

the lowest penetrations with values of 26 and 29, respectively, after 11 years. Asphalt 6 showed

the greatest decrease in ductility followed by asphalt 4 and asphalt 2. Serafin et al. (1967)

cautioned, however, that there may have been variations in condition of the underlying concrete

pavement and base material at the time of resurfacing which would make it difficult to draw any firm,

significant conclusions regarding any differences in condition of the six test sections.

Rut depth measurementsafter 12 years of field service(Serafinet al. 1967) are summarized on

Table A.18. There was very little differencebetween the various sections in resultsobtained for a

given lane. Much more ruttingdeveloped in traffic lanes than passinglanes. Analysisof the data

indicated no significantcorrelationbetween ruttingand verticalalignment. In general, the greatest

rutting occurred in the outermost lane around horizontalcurves. More rutting occurred in the

northboundtraffic lane than the southbound, probablydue to northbound truck trafficbeing more

heavilyloaded,because of numerousgravel pitsat the south end of the test project. No correlation

could be establishedbetween rut depth and asphaltviscosity. After 18 years, the performance of

the sections was judged based largely on wear and weathering of the surface, with some

considerationof edge raveling. In terms of relativeperformance, Sections 1, 3, and 5 were rated

best, 2 and 6 as poorest, and 4 as intermediate.

AdditionalStudies

In 1975, Corbett and Merz reported the resultsof a study of the asphalt cements used on the

Michigan test road. The study was undertaken to; (a) determine the extent of the change in

chemicalcompositionof the asphaltbinders after 18 years of service, (b) relate the changes to the

mechanismof binder hardening,and (c) relate, if possible,the compositionalchanges with respect

to wear and weathering. Bulksamples of originalasphalt stored in containerssince construction

were tested to determineoriginalcompositionand viscosityat 140°F. Pavementcoreswere obtained

from each of the six asphalt sections. The asphalt was extracted and recovered by the Abson

method for the top 1/8-inch layer and the next 1/4-inch minus layer below the saw cut. Properties

of the asphalt recovered from the cores are presented in Table A.19. The authors noted that for all

asphalts, the viscosities at 140°F (60°C) and softening points increased and the penetrations and
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ductilities decreased. The changes were greater in the top 1/8-inch layer than in the 1/4-inch minus

layer below it. This indicated that hardening is more pronounced at or near the pavement surface

because of increased exposure to air, sunlight,etc. The binders from sections 2 and 6 had the

highest recovered viscositiesand binder 6 had the lowest recoveredductility.

Compositional analysiswere performed using the Corbett (1969) method. These data are shown

in Table A.20. The mechanism of change for each layer during aging is shown on Figure 3.24. The

saturate content from recovered binders was virtually unchanged from that of the original binders;

however, slight increases, thought to be attributable to drippage, were found in the top layer. The

amount of naphthene aromatics decreased in all sections, more so in the top 1/8-inch layer than in

the 1/4-inch minus layer. Asphaltenes consistently increased, especially in the top layer. Polar

aromatics showed no distinct pattern. Both saturates and naphthene aromatics are low-viscosity

components and Corbett believed that they function as plasticizers for the higher-viscosity

components, le. polar aromatics and asphaltenes. The compositional changes due to aging

decrease in the liquid component (naphthene aromatics) and increase in the solid components (polar

aromatics and asphaltenes) which would be expected based on the changes in physical properties.

Conclusions

The following conclusionswere drawn from the Michigan Test Road.

1. All of the test sections showed considerable reflection cracking, wear, weathering and

raveling; however, these distresses were more pronounced in sections 2 (Venezuelan)

and 6 (East Texas Talco) asphalts.

2. Recovered binders from sections 2 and 6 had the lowest penetrations at 77°F with

values of 31 and 34 after four years and 26 and 29 after 11 years. Recovered

penetrations after 11 years for the remaining binders ranged from 30 to 35.

3. Recovered binders from sections 2 and 6 after 18 years had the highest viscosities at

140°F with values of 17,041 and 34,414 poise, respectively, compared with the range

of 7,320 to 11,787 poise for the remaining binders.

4. Recovered binder from sections 2 and 6 had generally the lowest recovered ductility

after 18 years with values of 0.5 and 2.5 cm at 60°F and 7 and 5 cm at 77°F.

5. Although sections 2 and 6 showed somewhat greater pitting and cracking, variation due

to condition of the underlying concrete pavement and base material would make it

difficult to draw any firm conclusions regarding cracking performance of the test

sections.
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6. Althougha slight amount of ruttingoccurred in the test sections, no distinct relationship

could be established between observed rut depth and asphalt viscosity.

7. Chemical composition on original and recovered binders revealed a reduction in

naphthene aromatics and an increase in asphaltenes while polar aromatics and saturates

showed no distinct trend.

8. Changes in binder consistency and chemical composition after 18 years were much

greater in the top 1/8 inch layer than in the 1/4-inch minus layer of the wearing course,

indicating that hardening is greater near the pavement surface because of increased

exposure.

3.6 ONTARIO (McLeod)

Description

In 1960, the Ontario Ministry of Transportation and Communication constructed 3 test sections,

each 6 miles long in Southwestern Ontario (McLeod 1972, 1987, 1988). Each test section was

constructed with 85-100 penetration asphalt with low, medium or high temperature susceptibilities

over loam to clay loam subgrades. The asphalt content for each road was 6.0 +.5%. All these

roads contained approximately 3% air voids in the in-place condition. The major objective of these

test roads was to determine the influence of asphalt temperature susceptibility on pavement

performance. The asphalt properties of these sections are summarized in Table A.21 and the mix

properties in Table A.2,?..

The 1969 daily traffic volumeson the three test roads ranged from 900 to 1,500 with 10 to 18%

comprised of trucks. The roads were surveyed for transversecracksafter 8, 9, 10, 11 and 15 years

of service. From the 1972 report, McLeod indicatesthat only Type 1 transverse cracks should be

used in relatingthe crackswith other pavementor environmentvariables. Type I transverse cracks

are those that extend across the full widthsof a traffic lane. Cores were also taken to determinemix

and binder properties (Tables A.23 throughA.25).

Results

The temperature susceptibility of the recovered asphalt was initially determined using the

penetration index (P.I.) as developed by Pfeifferand van Doormaal based on penetration at 77°F

(25°C) and the softening point of an asphalt cement. McLeod's analysisindicatedthat the number

of Type 1 transverse cracks decreased with a decrease in the PI value. (Decreasing values of PI

indicate Increasingtemperature susceptibility.) He therefore concluded that the "...PIvalues do not

alwaysprovide a realisticmeasure of asphalt temperaturesusceptibility'. One reason was that one
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of the asphalts was a Western Canadian waxy light crude. As a result of the wax content, the

softening pointswas too high which gave a temperaturesusceptibilityrating that was too low. A

differentmethod of providing a quantitativemeasure of temperature susceptibilitywas developed.

This method is based on the penetrationof an asphalt cement at 77°F and the viscosityat 275OF,

hence the term "pen-visnumber.' McLeod indicatedthat '...because of the way [the penetration-

viscositynumber (PVN)] is derived, [it] isnumericallysimilarto, and may be numericallyidenticalwith

PenetrationIndexvalues for many paving asphalts.'

From the data for the three test roads, McLeod conctuded that the relationshipbetween the

amountof transversecrackingthat occurredcorrelatedvery well withPenetration-Viscositynumbers

instead of PenetrationIndex. Figure 3.25 illustratesthat the number of transversecracks increased

with a decrease in the pen-visnumber (increasingtemperaturesusceptibility)of the asphaltcement.

He also stated that the penwis numbers did not change for the life of the pavement (1987). He

indicatedthis is not true for the PI values,which change withtime and aging of the asphalt cement.

A chart (modifiedsince 1972) was presented (Figure3.26) was presentedto demonstratehow

the penetrationat 77°F and the temperaturesusceptibilityof an asphalt cement can be selectedto

avoid lowtemperaturetransversepavementcrackingwithina range of minimumservicetemperatures

(+10OF to -40°1=) during the lifetime of a well designed and constructed asphalt pavement. For

example,when the minimumservicetemperature anticipatedis -10°F, only originalpaving asphalts

with combinationsof penetrationsat 77°F and viscositiesat 275OFthat are on or to the right of the

oblique line labelled-10°F, wouldavoid lowtemperaturepavementcrackingthroughouttheir service

lives. Asphaltsto the left of this line are too hard and pavementscontainingthem would be subject

to thermalcrackingat a minimumservicetemperatureof -10OF. The penetration of the asphaltmust

be increased as the temperature susceptibilityof the paving asphalt increases. Figure 3.26 also

indicatesthat the modulus of stiffness of the paving mixture for each oblique temperature-labelled

line representinga minimumservice temperature, is constantthroughout its length.

In the discussionafter McLeod presentedhis 1972 paper, it was emphasized by Halsteadthat

not only the grade but the temperature susceptibilityof the asphalt should be considered in

pavementdesign to mitigate lowtemperature cracking. His pointin support of McLeod's paper was

that regardless of whether penetrationor viscositygrading is used, the temperature susceptibilityis

the importantvariable.
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Figure 3.25 Influenceof paving asphalt temperature susceptibilities on annual count
of Type 1 low temperature transverse pavement cracks per lane mile
for Ontario (McLeod 1987)
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The stiffnessmodulus of the various recovered asphalt cements was determined using Van der

Poel's nomograph as shown in Figure 3.27. The PVN values are used in place of Pfeiffer & van

Doormaars Penetration Index numbers in the nomograph. Asphalt was extracted from pavement

samples taken from each of the nine pavement test sections of the three Ontario test roads after

8 and 15 years of service. The average minimum temperature to which the pavements had been

subjected during the 8 and 15 year periods were -3.2°F and -3.8°F respectively. In Figure 3.28, the

stiffnessfor each recoveredasphaltcement has been plotted against the number of corresponding

Type I thermal cracksper lane milesthat had occurredduringthe 8 and 15 year periods. It is clear

that the number of low temperaturetransverse cracks increases with increasing asphalt stiffness.

Also, the numberof cracksafter 15 years for any given test section is greater then after 8 years, as

expected.

Figure 3.29 shows a similar graph, except that the modulus of stiffness of the nine paving

mixtures are used instead. In both figures, the method of least squares was used to draw the fitted

line. The author notes that the data points for the paving mixtures are more closely clustered around

the least square line (no further statistical information was given) than for the data showing the

corresponding recovered asphalts. For this reason, the author "...claims that the properties of the

paving asphalt itself are responsible for ... 85 to 95% of low temperature thermal cracking.' However,

it was recognized that variables other than the asphalt cement in the mix can also influence low

temperature transverse pavement cracking.

McLeod has concluded that low temperature transverse cracking is likely to occur when the

modulusof stiffnessof a pavement reaches1 millionpsi at a pavementdepth of 2 inchesdue to any

criticalcombinationof chillingto a lowpavement temperature, hardness of the asphalt cement and

other controllingfactors. This value is based on Van der Poers nomograph for a loading time of

20,000 seconds and applies to "well designed paving mixtures' with a Cv value of 0.88 (14.5% VMA

and 3% air voids). McLeod bases this conclusion on the performance of the Ontario and Ste. Anne

test roads, laboratory studies and his observations of the service behavior of asphalt pavements in

Canada, the USA and Norway.

In the discussion after McLeod's paper at the CTAA (1978), it was pointed out by W.D.

Robertson that "...in general, the PI and the PVN are not numerically equal. This is true for both

vacuum reduced asphalts, on which the PVN correlation is based, and air blown products". Data

was presented on 88 asphalt cements made from 19 different crude oils. The Penetration Index

was calculated for each of these bitumens, based on penetration measurements at 25° , 10° and

4°C. Pen-vis numbers were calculated for the same materials. "The correlation between PI and PVN
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is poor (Rz = 0.53), which indicates that there are other factors, not related to temperature

susceptibilityin the lowtemperatureregion,which affect the high temperatureviscosity'.Also, all of

the factors which cause the temperaturesusceptibilityin the high temperature region to differ from

that in the low temperature region are not known;however, one is the presence of wax. Melting

of crystallinecomponentsas the temperature is increasedcauses a drop inviscosity, and hence an

artificiallylow PVN value.

McLeod's response was that the close relationshipfor PI and PVN is valid only foi paving

grades of asphalt (not air blown materials) produced by steam or vacuum reduction. He also

commented that "...asphaltcements manufactured by steam or vacuum reductionfrom waxy crude

oils have had high temperaturesusceptibilitiesand therefore low PVN numbers'. It was his belief

that pavements preparedwiththese waxyasphaltshave developed more lowtemperaturetransverse

pavementcracksthan otherasphalt pavementsinthe same area made with asphaltcements having

lower temperature susceptibility- higher PVN values. Based on this discussion,it was concluded

that PVN can be affected by wax content in the asphalt.

Conclusions

From the series of papers presentedon the Ontario test roads, the following conclusionscan

be drawn:

1. The PVN method was developed as a more "realistic"measure of asphalt temperature

susceptibility.

2. A chart is presentedto select an asphalt cement to avoid low temperature transverse

cracking within a range of service temperature (+10°F to -40°F). This chart uses

penetrationat 77°F and PVN as the basis for selection.

3. As the PVN decreases (i.e. increasingtemperature susceptibility)the number of low

temperature transversecracks increases.

4. As the stiffness of the recovered asphalt cement increases, the number of low

temperature cracks also increases. For the criteria of not more than 20 transverse

cracks/mile,the limitingstiffnessis approximately5,000 psi.

5. A similar relationshipexists for the stiffness of paving mixtures. McLeod's limiting

modulus of 1 millionpsi results in approximately20 low temperaturecracks per mile.

6. Wax content in asphalts can give artificiallylow PVN values.
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3.7 UTAH

Description

The Utah study analyzed pavementperformancedata from two sourcesin an effort to develop

relationshipsbetween asphalt propertiesand field performance (Andersonet al, 1976). The study

included 20 controlled test sectionswhere design, environmentalfactors, and constructionwere

essentiallythe same. Also includedwere 108 uncontrolledsectionsthat were evaluatedsubjectively

(visually)over a period of 7 years. Of these, 39 were also evaluated objectively(measurements).

The subjectiveratingincludeda 1-to-5 ratingof transverse,longitudinal,and map cracking,bleeding,

polishing,rutting, spalling, and roughness. A ratingof 1 indicatedsevere distress,and a rating of

5 indicated no distress. The objective survey included actual measurements of the number of

transversecracks, lengthof longitudinalcracks,area of map cracking,rutting,and surface roughness

as measured by a PCA roadmeter.

The report deals with asphalt cements from eight sources; American (Salt Lake), Phillips,

American (Casper), Douglas,Arizona,Golden Bear, Husky,and Douglas (Santa Maria). The group

includesviscositygrades of AC-5, 10, 15, 20, and 40. Objectiveevaluationswere made to compare

transverse crackingwith (a) the propertiesof the originalasphalt, (b) the properties of the asphalt

after the rollingthin-filmcirculatingoven test, and (c) the properties of asphalt recoveredfrom the

pavement sections. The ages of the cores ranged from 1.8 to 6.4 years (Figure A.8U).

Results

The following tests were performed on the asphalt cements (original, RTFC and asphalts

recovered for selected cores):

1. Penetrationat 25°C (AASHTOT-49)

2. Cannon core viscosityat 25°C

3. Absoluteviscosityat 60°C (AASHTOT-202)

4. Kinematicviscosityat 135°C (AASHTO T-201)

5. Ductilityat 4°C (AASHTOT-51)

6. RollingThin Film CirculatingOven Test (AASHTOT-179)

7. Force ductility at 4°F (developedby Utah DOT)

8. Chemical analysis (Rostler)

In addition, the temperature susceptibility was calculated using the following equation:
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log log r/1 - log log rlz
Temp. Susceptibility = (Eqn 3-1)

log Tz - log T1

where r/1 and r/z are viscosityreadings at temperature T1 and T2. Figure A.8 summarizes the

asphalt properties compared to the performance of the pavement (transverse cracks) tor the

controlledtest section. Figure A.9 is similar except that longitudinalcracks are used instead of

transverse cracksto rate pavementperformance.

Finally,a multipleregressionanalysiswas performedwhichresultedinthe relationshipsinTable

3.10 between transverseand longitudinalcrackingand ruttingand asphalt properties, load and age.

Figure A.9 also illustratesthe longitudinalcracking prediction equation. From Table 3.10, the

confidence level indicates the significance of the results, despite the low correlationcoefficients

obtained. The authorscautionthat theirequationsare limitedsincethey assume average conditions.

They are based on the average climate in Utah and do not allow for extreme temperature or

moisture. Also, subgrade and base variationsare not consideredalthough they affect performance.

They are recommended as quick, approximateperformance indicators.

Conclusions

1. The asphalt source used in a pavementplays a significant role in the performance of

the pavement (Figure A.8A). Transverse cracks measured from 0 to 59 cracks per

kilometer (0 to 95 per mile)for the differentasphalt sources.

2. Percent air voids in an asphaltic mix has a significanteffect on the hardening of the

asphalt binders (Figure3.30). Greater changes in asphalt propertiessuch as increases

in viscosityand decreasesin ductilityand penetrationoccur wherethe air void contents

are high (7.1%). The changes in asphalt propertiessuch as Cannon Cone viscosityfor

the low air voids level (2.6%) are not as severe (A.I. = Aging Index).

3. The aging indices calculated using the field and original viscosity values at 60°C

correlate well with transverse cracking (Figure A.8D). An aging index less than 6.5

results in less than 10 transversecracks per kin.

4. Penetrationvalues for both the originaland fieldsamples did not correlatewell with the

performance parameters(FigureA.8-E,F). Penetrationvalues for the field asphalts were

greaterthan 30 in allbut onecase, but the pavementperformance ranged from excellent

to poor.

5. Cannon Cone viscosity values at 25°C (77°F) did not correlate very well with the

transverse crackingobserved (FigureA.8-G,H).
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Table 3.10 Regression equations developed for Utah
(Anderson et al. 1976)

Correlation
Coefficient Confidence

Regression Equation (R) Level

1. TRANS = -289 + 73.5 (TS) 0.51 0.1%

2. LONG = -2950 + 163 (%AC) 0.57 1%
+ 524 (TS)
+ .ooo33(ACC18k)

3. RUTS = 0.25- 0.013 (N) 0.54 5%
+ 0.036 (%AC)
+ O.oo30 (DUCT)
+ 0.13 X 10 .6 (ACC 18k)

Where:

TITANS = # of transversecracks per Km
TS = Temperature susceptibility measured at 25°C and 60°C

of original asphalt
LONG = Longitudinal cracking in m/lane-Km
% AC = Asphalt content in percent
ACC 18k = Accumulated 18k axle loads
RUT = Rut depth, cm
N = Nitrogen bases content
DUCT = Ductility
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6. The ductilitytest at 4°C (39.2°F) is not a good indicatorof asphalt consistenceat low

temperatures, and thus low-temperature cracking. However, it was observed that

asphalts which maintaina high ductilityat a lowertemperaturegenerallyperformbetter

(Figure A.8-I,J).

7. The Force Ductilitytest is an improvementof the standard ductilitytest accordingto the

authors. It increasesthe repeatabilityof the test, and measuresthe consistencein the

first ten centimetersof elongationwherethe cross-sectionalareas of the variousasphalts

are nearly the same. Also indefinitetest results such as "100+" are eliminated,and

fewer abnormalbreakages occur. Nevertheless,the correlationwithtransversecracking

is poor (FigureA.8-M,N). However,it may be seen from Figure3.31 that generally,less

than 10 transverse cracksper kilometerare found when force ductility values are less

than 7 Ibs. for originalcements.

8. The temperature susceptibility25° -60oC (77° -140OF) of the asphalts has a poor

correlationwith transverse cracking (Figure3.32). However, it may be observed that

below a temperature susceptibilityvalue of 4.2, less than 10 transverse cracks per

kilometerwere measured.

9. Similarly, the paraffin content of the asphalts used in Utah do not show a good

correlationwithtransversecracking. A paraffincontentof lessthan 15% does, however,

indicate that less than 10 transversecracks/kmwere measured (Figure3.33). The N/P

ratio also has a fair correlationwith transversecracking and a N/P ratio greater than 2

results in less than 10 transverse cracksper kilometer(Figure3.34).

10. An excellent correlation exists between the temperature susceptibilityand paraffin

content of original asphalts (Figure 3.35). Higher paraffins are indicative of higher

temperaturesusceptibilityvalues forthe originalasphalts. Highparaffinsare alsorelated

to low ductilityvalues and higher Force Ductilityparameters.

11. The viscosityvalues at the various temperatures are higher for the asphalts higher in

asphaltenas content. This is true for bothoriginal and field samples. Increases in the

asphaltenes contentswith aging partiallyexplainsthe increase in viscosityvalues with

aging (Figure3.36 to 3.39).

12. The sourceof crude is the majorvariableaffectingthe performanceparameters,physical

properties, and chemicalmakeup (FigureA.8A,A.9-A).
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Figure 3.31 Transversecracksversusforce ductilityat 4°C for Utah (Andersonet al.
1976)
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1976)
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3.8 SASKATCHEWAN

Description

In 1963, Saskatchewan constructedfull-scale in-servicetest sections in order to evaluate the

effect of the asphalt source, the penetrationgrade of the asphalt cement, and the thicknessof the

base course and prime coat on the frequency of transverse cracking (Culley 1969). The various

asphalts were used on the same constructionproject. The performance of the 1963 test sections

showed a significantrelationshipbetween the frequency of cracks and the asphalt supplier. As a

result of this research work, specificationsfor asphalt cementwere changed to lower the allowable

variationin penetration and viscosityfor asphalts from differentsources.

A second series of test roadswas constructed in 1966 to determine if the new asphalts meeting

these specificationsshowed a relationshipbetween asphaltsource and transversecrack frequency.

Asphalts from four refineries, conforming to the new specifications,were used on five separate

projects. Asphalt concrete thicknesseswere 3 inches for both of the Refinery 1 sections and the

Refinery 4 sections and 1.5 inches for the Refinery 3 and 5 sections. Hardening of the asphalts

duringvarious phases of constructionand after 12 monthsof service was determined. The original

and aged asphalt properties are shown in Tables A.26 throughA.28.

Results

A comparison was made between the amount of transverse cracking that occurred on the

roadway with the amount of hardening that took place in the asphalt cement; however, no definite

relationshipswere found. A numberof variableswere investigatedwith regard to theireffect on the

amount of transverse cracking. Those variables included: (a) the average daily traffic, (b) the

freezing index degree days, (c) the air void content of the mix, (d) the retained percentage of the

original asphalt cement penetration, (e) the retained percentage of the original asphalt cement

viscosity,(f) the temperature susceptibilityof the binder, and (g) the shear susceptibility of the binder.

The relationshipbetween these variables and the amount of transverse cracks is shownon Table

3.11. It shouldbe noted that only full widthtransversecrackswere counted. It was determinedthat

none of the variables had a ranking order which completely matched the number of transverse

cracksthat occurred during the first year of service. According to Culley (1969), the variable that

had the closest ranking was freezing index (environment).

It can be seen from the table that sectionsfrom Refineries1 (9-9), 3 and 4 had high transverse

crack frequencies grouped fairly close together. Refinery 1 (10-7) had a medium crack frequency

and Refinery5 had a relativelylow crack frequency.
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Table 3.11 Ranking order of several variables affecting transverse cracking for
Saskatchewan (CuUey 1969)

1966-67
Trans. Field

1967 Freezing ,_ of Orig. .% of Orig. Temp. ShearRefinery Cracks Air Voids
ADT Index Degree Pen. Visc. @ 60 F Susc. Susc.per Mile

Days

A. After Mixing, R @ 0

1 (9-9) 137 (4) 5.4 (2) 0.76 (1) 162 (2) 0.99 (4) 4.0 (2)
1 (10-7) 71 (2) 10.5 (5) 0.55 (5) 160 (1) 0.98 (3) 4.3 (3)

3 141 (5) 7.8 (3) 0.75 (2) 219 (3) 0.94 (1) 2.4 (I)
4 131 (3) 4.1 (I) 0.63 (4) 302 (4) 0.97 (2) 9.7 (5)
5 39 _I) 9.5 (4) 0.65 (3) 160 (I) 0.97 (2) 9.0 (4)

B. After 12 Months Service, R @ 12

I (9-9) 137 (4) 1500 (4) 6294 (5) 0.49 (2) 339 (2) 0.90 (i) 10.8 (1)
1 (10-7) 71 (2) 1200 (2) 5165(3) 0.46 (4) 356 (3) 0.93 (4) 19.0 (5)

3 141 (5) 900 (1) 6018 (4) 0.46 (4) 679 (5) 0.91 (2) 14.2 (2)
4 131 (3) 1200 (2) 4918 (2) 0.50 (I) 405 (4) 0.92 (3) 14.3 (3)
5 39 (1) 1300 (3) 4323 (1) 0.48 (3) 265 (1) 0.92 (3) 17.8 (4)

NOT]:.': Numbers in parentheses indicate rank in =best'-"worst" sequence of (1)-(5).
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Conclusions

After one year of data, there was no definite relationship between the changes in asphalt

propertiesand transverse cracking. Culley (1969) concludedthat transverse cracking is probably

more affected by the degree of compactionand by environmentalconditionsthan by changes in a

singlevariable such as penetrationor viscosityduring handlingor mixing.

During the discussion of the paper after it was presented at AAPT, McLeod argued that, based

on his observations in Ontario, transverse cracking is highly influenced by location and that it was

virtually impossible to relate transverse cracking to asphalt characteristics only unless the test

pavements are constructed at a single uniform test site. He added that the original asphalt

properties(not recovered)were more closelyrelated withobserved performance in Ontario. McLeod

stated that he "...was not surprised at the findings...' of the Saskatchewan study based on his

experiencesat Ontario.

3.9 IOWA

Description

In 1966, a research project was initiated in Iowa (Lee 1973) as a long-range comprehensive

program to study asphalt durability. Its ultimate objective was to develop a simple and rapid

laboratorydurabilitytest to select asphalts,to identifyinferiorasphaltsand to reasonablypredict the

useful life of asphalts in pavements.

Eight asphalt pavementsformed the basis for a study of changes in rheologicaland chemical

properties for 48 months of service. These pavementswere constructedin 1967-1968, and samples

of asphalts,mixturesand pavementcoresweretaken duringconstruction. Cores were removed from

the wheel paths and from between wheel paths at 6-month intervalsfor 48 months. The sections

were located on US 63, US 75, US 52 and State highways 327, 3 and 92. After 48 months, all of

the pavementswere in good conditionexcept for some transverseand centerline cracks.

The 8 asphalts came from 4 sources:

1. Blend of Casper, Wyoming and Big Springs, Texas

2. Sugar Creek, Missouri

3. Esso Research and Engineering Company

4. Big Springs, Texas
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Results

The asphalts were analyzed for penetrationat 77°F (25°(3), viscosityat 77°F and 140°F (60°(3),

microductilityand softeningpoint. They were also subjectedto the Thin-FilmOven Test (TFO'r),the

Iowa DurabilityTest (IDT) and chemical analysis by the Rostler Method. Infrared spectra were

obtained throughthe use of multipleinternalreflectiontechniques. Tables A.29, A.30 and A.31 in

Appendix A contain additional details on the project locations, mix characteristics and asphalt

properties,respectively.

In the IDT, the residuefrom the 1/8-inch TFOT (from Bureau of Public Roads) was exposed to

a pressure-oxygentreatmentof 20 atm oxygen at 150°F (66°C) for up to 1,000 hours. The pressure-

oxygen treatment was conducted in pressurevesselsfabricated of 0.5 inch stainless steel. These

vesselsare capable of simultaneouslytreating10 standardTFOT samplesto a pressure of 450 psi.

The changes in the physicaland chemicalpropertiesof the asphalt were determined after 24, 48,

96, 240, 480 and 1,000 hours of service, and for the recovered asphalts at 6-month intervals.

Changes in the penetration,viscosityat 77°F and 140°F with time are shown in Figures3.40, 3.41

and 3.42 respectively. (The results are also tabulated in Tables A.32 - A.35). The "d"data points

are for the lab-aged samples,and the "f"data pointsare field-aged.

As shown on these figures,the property changes followedthe hyperbolicmodel (except for a

few instancesin ductility). That is to say, penetrationand ductility decrease, viscosityand softening

point increase withtime, and finallyapproachingdefinite limitingvalues. This agrees with actual field

hardening. Specifically,Lee found that the developmentof aging followed a hyperbolic model as

suggested by Brownet al. (1957):

T
AY =

a+ bT

Where AY = change of property with time T or the difference between the zero-life

value and the value at any subsequent time

a = constant;the value of the property at zero time

b = rate of change of the property

1/b = the ultimatechange (limitingvalue) of the property

Figures 3.41 and 3.42 show high correlationcoefficientsbetween curves developed with this model

and the observed data fromthe laboratoryand fieldtests. Only in the case of ductility data was this
model inadequate.
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The ExpertTask Group (ETG) has observed that there are several questions arising from these

figureswith regardsto the locationof zero and "a"on the abscissa. However, the author does not

explainwhat these symbols are in his report. The author also suggeststhat the IDT is realisticand

that the correlationbetween field hardeningand hardeningof asphalt in the IDT is possible.

From Rostler's method of chemicalanalysis,it was found that:

1. Aging is accompanied by an increase in asphaltene content.

2. Change in asphaltene contentis a hyperbolicfunction of time.

3. Rates of asphaltene content formationare different for differentasphalts.

The Rostlerparameter [(N + A1)/(Az + P)] which has been correlatedwith asphalt durabilityin other

studies (Rostler& White 1962, Halsteadet al. 1966) was not borne out in this report. No patternof

change could be defined.

General correlationcurves were developed for each asphalt property -penetration, softening

point,viscosityat 77°F and 140°F, asphaltene contentand microductility(Figure3.43). Duringthe

study, it was also found that void content affects the hardening rate. As void content increases,

longer laboratoryIDT time is required to reach equivalentfield-servicehardening (Figure3.44). A

master time-equivalencycurvewas developed(shown as the curve between 3% voids or 4-7% voids)

from regressionanalysisthat combined all propertiesand asphalts. On the basis of this curve,Lee

concludesthat 46 hours of aging in the IDT will age asphaltsto the equivalentof 60 months inIowa

pavements.

Conclusions

The followingconclusionswere made:

1. The aging process follows a hyperbolicfunctionof time both in the field and in the IDT

lab conditions,but at different rates.

2. Good correlationsbetween field service aging in Iowa and lab aging during IDT have

been obtained. A master time-equivalencycurve between IDT in hoursand pavement

service life in months was developed. Correlationcurves for different properties and
differentlevelsof air voids were also obtained.
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3. Aging is accompanied by an increase in asphaltene content. The Rostler parameter did

not exhibit any pattern of change with age.

3.10 DELAWARE

Description

An experimental test section was constructed on FAS road 30 in Delaware in 1958 (Kenis 1962).

It should be noted that both a rigid and a flexible base was present in the test section. The test

sections were designed as asphalt overlays on rigid and flexible bases. The objective of the test

road was to obtain data on asphalt test characteristics and the service behavior of asphalts from

different sources. Three different laboratories were used to obtain these results: Bureau of Public

Roads (BPR), the Asphalt Institute (AI), and Delaware State Highway Department (DEL).

Two asphalts of 60-70 penetration from 2 sources (Venezuela-Lagunillas and Middle East-

Sataniya) were used. Both asphalts were vacuum-distilled. Properties of the original asphalts and

aggregate characteristics were obtained at the time of construction and the results shown in Tables

A.36 and A.37. From the results, it was apparent that there was little difference in the visual physical

properties of the 2 asphalts. Both asphalts also had the same resistance to hardening in the thin-

film test, although there was a difference in the ductility of the thin-film residue. The asphalt contents

(Marshall method) were 5.1 to 5.5% for asphalt A and 5.2 to 5.5% for asphalt B.

Results

After 2 years of service, cores were taken and tested. The results are shown in Table A.38.

The authors reported that the penetration of the recovered asphalt generally decreased with age

(Figure 3.45). After 2 years, penetrations were less than 25 and yet the pavements exhibited no

distress. In addition, the softening point increased with age (Figure 3.46). The three different lines

in each graph relate to the three different laboratories used to measure asphalt properties.

Conclusions

Aside from the above, Kenis stated that "...at present no specific conclusions can be drawn, but

the lab tests indicate that variances in behavior of the same asphalt at different Iocations...may be

as great as or greater than variances in the asphalts from the different crude sources used in this

study'.
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In addition, no deteriorationin the pavementwas noted. Welborn (1979) reportsthat the study

continued for 103 months, at which time the pavementswere still performing satisfactorily. The

recovered asphalts were tested and the resultsfound to support Kenis' statement.

3.11 MONTANA BIG TIMBER TEST ROAD

Description

In 1983, Montana constructeda seriesof 20 test sections on Interstate90 in the south-central

plains of Montana to compare the performance of asphalt cements from each of the states four

refineries (Jennings et al. 1988, Bruce 1987). Three of the refineries were in the Billingsarea in

south-centralMontana and the fourthwas in Great Falls inthe north-centralpart of the state. It was

noted by Jenningset al. (1988) that no two of these refineriesused the same crude blend, although

parts of the crude slates of the Billingsarea refineriesmay overlap.

Two of the refineriesused a propane deasphalting(PDA) process for all or part of their asphalt

production. The other manufacturersmade asphalt to grade fromthe vacuum tower, although both

may occasionallyblend to achievea desired grade. The refineries in the study are identified as

refinersA, B, C and D; however,no relationshipbetween refinery ID and refining processwas given.

The asphalt grade, with only three exceptions,was 120-150 pen asphalt which met Montana's

standard specifications. The exceptionswere an 85-100 asphalt section from refiner B, a section

with 203-303 pen asphalt from refiner B containingChemCrete and a 200-303 pen asphalt from

refinerB containing microfil8 (carbonblack).

Details regarding the constructionof the test sections is described by Bruce (1987). The

pavement sections were all new construction,consistingof 0.4 feet of asphalt concrete surface

placed in two liftsover 1.35 feet of crushed base course. The subgrade was prepared as uniformly

as possible over the length of the site and had an averageR-valueof 25. This site was long enough

to permitthe constructionof 20 testsections,each 1,250 feet long, separated by 500-foot transition

zones. Ten sections were placed on the eastboundlanes and ten for the westboundlanes. Traffic

on the sections is similar in both directions. The traffic (one direction) in 1985 was given as 700

equivalent18,000 lb. axle loadsannually(ADTof 4800). Temperaturesduringmixingwere controlled

to produce an asphalt viscosityof 170+20 centistokes.

The aggregate type and gradationremained constantand was tightlycontrolledthroughoutthe

project. Test sections containing 1.5 percent fly ash, 1.5 percent hydrated lime, and 0.5 percent

liquid anti-stripadditive (ACRA) were constructed from each asphalt source in addition to control
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sections with no additives. A test section containing a specially blended asphalt composed of 75

percent asphalt B and 25 percent asphalt D, and thought to have an ideal high-performance gel

permeation chromatography (HP-GPC) trace was also included. Each test section received an

individual mix design (Marshall method) in an effort to achieve constant stability and voids content

in the pavement throughout the sections. The mixture variables for each test section are shown in

Table A.39. Cores were obtained immediately after construction and the associated recovered

asphalt properties and mixture properties are shown on Table A.40. More complete data on mixtures

is summarized by Bruce (1987).

Results

During the first winter, severe transverse cracks developed on Sections 5, 6, 7, 14 and 15.

The following summer, some of these cracks "healed" under the influence of traffic and the sun.

Nevertheless,these sections remained more severelycracked than the others. Performance data

obtained 4 years after constructionare shown on Tables A.41 and A.42. Test section 19, which

includedthe ChemCreteadditive, does not appear on the table since it was overlaid due to extreme

ruttingcaused by design and constructionproblems. Test section 18, the only section containing

85-100 pen asphalt,containedmore crackingand less ruttingthan the 120-150 pen asphalt from the

same source. Table 3.12 gives the penetration-viscositynumbers (PVNs) of both the original

asphalts and the asphalts recovered from postconstructioncores along with the number of cracks

and depth of ruts in the correspondingsections with no additives.

Corbett fractionationswere conducted on the original asphalts. The fraction percentages are

given in Table 3.13 in relation to the number of cracks and depth of ruts (inches) in the

corresponding test section without additives. The authors cautioned, however, that the asphalt

content has a fairly strong and perhaps overridinginfluence on ruttingrelationships.

A majorvariable to be consideredinthese experimentalsections was asphalt source. In Figure

3.47, the rut depth in inches is plotted against the components of the test section. It may be

generalized that relativeresistanceto rutting increasesin the order A < B < < C < D. The authors

noted that asphalts C and D were associatedwith higher asphaltene content but cautioned that the

relationshipsmay be complicatedby the influenceof asphalt content. A similar plot of total number

of transverse cracksversus components of the test section is shown in Figure 3.48. In general, it

may be seen that the resistance to cracking of the asphalts increases in the order B < A <

D < < C. Herethe authors notethat asphaltC containedrelativelylowerconcentrationsof napthene

aromatics. The specialblend was found to resistcracking,although it was composed of 75 percent

B and 25 percent D, both of which are materialsthat tend to crack when used alone.
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Table 3.12 Relationshipof PVN and performancefor Montana (Jennings et al. 1988)

PVN

Original Recovered Asphalt Cracks a Ruts a

•-.0.65 --0.5 D 19 0.16
•--0.71 --0.65 C 1 0.25
---0.72 --0.74 A 18 0.62
-0.93 -1.06 B 23 0.56
._b -0.99 B 0 0.43

aim sections with no additive.
bNot available.
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Table 3.13 Relationof Corbett fraction to performance in Montana (Jenningsetal.
1988)

Original Asphalt

A SP PA NA SA'P

(%) (%) (%) (%) Asphalt

Cracks
1 18 28 34 20 C

18 12 29 46 13 A
19 16 25 42 17 D
23 11 27 46 16 13

Rutting (in.)
0.16 16 25 42 1"7 D
0.25 18 28 34 20 C
0.56 11 27 46 16 B
0.62 12 29 46 13 A

Nor_: ASP = asphahcnes, PA = polar aromatics, NA = naphthenc
aromatics, and SKI" = saturates.
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HP-GPC chromatogramof the virgin 120-150 asphalts and of the special blend are compared

in Figure 3.49. The theory that an excess of large molecularsize (LMS) material over the optimum

amountis associatedwith crackingis supportedwiththe exceptionof asphalt B. The authors state

thatAsphaltB is one of a small numberof asphalts,found aroundthe country,that are characterized

by relatively high temperature susceptibility,relativelylow asphaltene content, relatively low LMS

content,and a tendencyto crack severelyquite early intheir service lives. These particularasphalts

are also productsof propane deasphaltingunitsandthe authorscautionthat interpretationof results

withthese asphalts should be guarded, especiallywith regard to cracking.

Conclusions

A summaryof the conclusionsstated by the authors includes:

1. Penetration grade may help to predict the relative performance of products from one

refinery or crude source.

2. Considering all 4 refineries, there is no apparent correlation between transverse cracks

or rutting to penetration and viscosity.

3. High PVN characterizes one of two asphalts that show early and severe cracking. It also

characterizes one of three asphalts that have cracked to date, as well as one of two

asphalts that have shown serious rutting tendencies.

4. Lower asphaltene content from the Corbett separation characterizes the two asphalts

that are rutting most severely. Resistance to cracking is associated with relatively lower

concentrations of naphthene aromatics.

5. Within the 120-150 grade, both rutting and cracking differ with source. Performance is

modified by additives.

6. Asphalts that contain more large molecular sizes (LMS) than the theoretical ideal

demonstrate a tendency to crack. A good correlation is observed when Asphalt B, a

known exception, is removed from consideration. Molecular size distributions van] with

asphalt source.
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3.12 SASKATCHEWAN "SOFT"ASPHALT STUDY

Description

In 1973, a test road was constructed to compare the performance of a full depth asphalt

concrete pavement made with SC-6 "soft' asphalt with that of one made with standard AC-6 asphalt

(Culley 1978). Table A.43 summarizes asphalt and mix property data for the two test pavements.

Both were constructed with low temperature susceptible asphalts.

Results

Premature failure of both structures negated direct comparison of performance. Traffic was

much heavier than design estimates and early shear failure resulted. The research aspect of the test

section was thus abandoned at the end of 1977 after 48 months in service. At that time, the SC-

6 section showed no transverse cracking whereas the AC-6 section had 20 cracks. This was the

only significant difference in performance between the two sections.

3.13 SASKATCHEWANAIR-BLOWN ASPHALTSTUDY

Description

In 1973, a full-scale test section was constructed in central Saskatchewan to evaluate the

performance of air-blown asphalts used to reduce thermal cracking (Clark and Culley 1976). The

pavement sections were 7.5 inches of full-depth asphalt concrete over oxidized till subgrade with

Saskatchewan-type crushed aggregate having a maximum size of 5/8 inch.

Results

The properties of the mixtures and asphalts before and after 6, 12, and 24 months were

determined. Stiffness values of the asphalts were determined by Van der Poel's nomograph at -40°C

(-40°F) and by the sliding plate rheometer at 0°C (32°F) according to the method developed by

Fenijn and Krooshof (1970). This data is given in Table A.44.

Conclusion

After 24 months, the lowesttemperature recorded was -40°C (-40°F). Cracking was minimal

and, except for an anomalous value for the AC-5, the binder stiffnessdid not reach the critical

stiffnessof 20,000 psi (138 MPa)that was suggestedby Fromm and Phang (1971) for a loadingtime

of 10,000 seconds. A summaryof the performanceof the test sections and stiffnessrelationships

of the originalasphalt and the asphalt after 24 months of service is shown in Figure 3.50.
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3.14 MANITOBAAND ONTARIO AIR-BLOWN ASPHALTSTUDIES

Description

Test roads were constructed on the Trans-Canada Highway in Manitoba in 1971 and in Northern

Ontario in 1973 to evaluate the performance of air-blown asphalt cements produced from waxy

crudes (Gaw et al. 1976). The test road in Manitoba (Richer) was constructed using blown low

viscosity BLV 100/150 and BLV 150/200 asphalts in a 2-inch surface lift over 2 inches of conventional

SC5 asphalt concrete mixture. The blown asphalts were from the same crude source as the 150/200

LVA (high temperature-susceptibility) asphalt used on the Ste. Anne Road Test, which cracked

extensively. In addition, pavement sections containing high viscosity 200/300 HVA and 300/400 HVA

asphalts and SC5 asphalt were constructed simultaneously; however, detailed analysis of these

binders were not performed. The test road in Ontario (Shabandowan) was constructed as two 1.5

inch lifts of asphalt concrete mixture on top of 12 inches of granular material over an existing cracked

road. The test sections contained blown low viscosity BLV 150/200 and BLV 85/100 asphalts and

a high viscosity 150/200 penetration asphalt. The authors stated that reflection cracking was

expected but it was judged that the 12 inchesof granularmaterialwould delaythe onset of reflection

crackingsufficientlyto permit evaluation.

Typical properties of the air-blownasphaltsused in the Manitoba Test Road are shown on Table

A.45. Propertiesfor the flashed HV and blown LV asphaltsused in Ontario are presented in Table

A.46. Recovered asphalt propertiesafter 4 years of servicein Manitobaand 6 months and 2 years

of service in Ontario are shownon Tables A.47 and A.48, respectively. The stiffnessvalues shown

inthe tables were obtainedwitha slidingplate rheometerin accordancewith the method described

by Fenijn and Krooshof (1970).

Results

The performance of both test roads is summarized along with binder type in Table 3.15. In

Manitoba, no cracking was observed in any of the test sections after the first two years of service.

The minimum air temperature was -41oC. During the third year, temperatures dropped to -44°C.

Extensive hairline cracking was observed in the BLV 100/150 section, and a few less obvious cracks

developed in the BLV 150-200 section. During the fourth winter, the minimum temperature was

-36°C, and cracking in both the BLV sections became more distinct. There was a predominance of

transverse cracking, but longitudinal wheel path cracking was also evident. No cracking was

observed in the HV 200/300, HV 300-400, and SC5 sections after 4 years. The crackihg in the BLV

test sections was not typical of the transverse thermal cracking usually observed. However, the

authors indicate that the cracking in the BLV was similar to one of the composite sections placed
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Amount of Cracking After:

Type of Binder 3 years 4 years

Manitoba

BLV 150-200 Few cracks Some transverse and
longitudinal cracking

BLV iO0-lSO Extensive* Extensive transverse
hairline cracking and longitudinal

cracking

HV 200-300 No cracking No cracking

IIV300-400 No cracking No cracking

SC-S No cracking No cracking

*Crackingwas not the typical transverse thermal cracking that generally had
been observed in other test roads

Ontario

BLV ISO-ZO0 Not significant

BLV 85-100 Not significant

HV 150-ZOO Moderate

Table 3.15 Performance of air-blown asphalt test sectionsafter
3 and 4 years in Saskatchewan (Gaw et ai. 1976)
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on the Ste. Anne Road Test. At that time, the crackingwas thoughtto be associatedwiththermally
induced stress.

In Ontario,minimumair temperaturesreached -39°C during the first two years, with no cracking

in either the blownasphalt sections or the controlsections. During the third winter, with minimum

temperaturesof -38oc, moderate transversecrackingoccurredin the HV 150-200 (control)section.

No significantcracking developed in the low-viscosity150-200 and the 85/100 test sections.

Conclusions

From the study, the authorsconcludedthat:

1. The laboratory and field study confirmed that good low-temperature performance of

blown, low-viscosityasphalts can be expected.

2. Air blowing improves the temperature susceptibility,and hence the low temperature

crackingresistance,of waxy low viscosityasphalts.

3. The changes in the asphalts in service are primarilyin the form of improvementsin the

temperature-susceptibilitycharacteristicsof the low-viscositywaxy asphalts.

4. No unusual amount of stone ravellingor stonestrippingoccurredwith the blown waxy

asphalts, suggesting that the presence of wax, per se, is not detrimental to good

performance.

3.15 ALBERTA

Description

The highoccurrenceof transversecracking inAlbertaprompted pavementstudiesto determine

the contributionof the environment,materials,and constructionpractices to the problem (Anderson

et al. 1966). Initially, observations were made on 20 in-service (uncontrolled)pavements, and

laboratorytests were made on representativesamples from each of the projects.

The recovered asphalt properties for these uncontrolled projects are presented in Table A.49.

Transversecrack informationis presented in Table A.50. The asphalts for these pavements came

from 10 suppliers. It was found that a higher frequencyof cracking appeared to be associated

with certainasphalt sources with some exceptions. However, examinationof the mixturesfailed to

reveal any particular design or field properties that were clearly associated with the observed

cracking frequency. Also, the temperature-viscosityrelationshipsat various shear rates failed to
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provide a satisfactory means of predicting low-temperature cracking. Ductility testing proved

inconclusiveand was abandoned early in the program.

Therefore, the Alberta Department of Highwaysdecided to constructand study experimental test

sections, in 1966, experimentaltest sections usingthree 200/300 penetrationasphalt cements of

low, medium, and high viscositiesat 140°F were constructed (Anderson and Shields 1971). The

pavementstructureconsistedof 4 inches of asphalticconcrete placed in 2 equal lifts over 2 inches

of asphalt-bound base and 12 inches of compacted granular base over uniformsubgrade. The

asphalt concretewas prepared from a single aggregate sourcewithin one contract; the sole major

variable was the source of the asphalt cement.

Three separate Marshall mix designs were preparedwith the single source of aggregate to be

used on the project. The design mixeswere generallyof medium stabilitywith somewhat low flow

characteristicsand low percentages of voids filled at optimum bitumen content. Properties of the

originalasphaltsare summarizedinTable A.51. Recoveredasphaltpropertiesafter constructionand

after 12, 24 and 34 months of service are summarized in Table A.52.

Results

The study showed that the pavement section containing the highest temperature-susceptible

asphalt developed transverse cracks earliest, and the density of that mixture increased the most

under traffic. A summary of the number of transversecracks per mile is shownon Table 3.16. The

authorsstated that the marked increase in crackingfrom all 3 suppliersduring the third winter was

caused by the most severe winter experienced in that portion of Alberta in 75 years, while the

previoustwo winters were considered to be average.

Conclusions

A specification incorporatinga minimum penetration of 250 at 77°F and a minimum viscosity

of 275 poises at 140°F was adopted in 1967. Itwas reported that under normalconditions,thishas

resulted in a more uniformproduct, a reduction of early low-temperaturetransverse cracking,and

the eliminationof tender mixes.

3.16 PENNSYLVANIA(1964)

Description

Six test pavements were constructed in 1964 to evaluate the functions of penetration and

viscosityduring constructionand the durabilityof various asphalt cements under field conditions

3-100



J_ _-- C C _ C

C a,u

!'- I1)

.-_'_

•_ ,_ ,_ o_ o_

• _ ,_ o L _ o I. _ o i-

._c_O _. .....

e g-_._

3-101



(Sandvig & Kofalt 1968, Kandhal et al. 1972, Kandhal et al. 1973, Kandhal & Wenger 1975). The

pavementswere locatedin ClintonCountyon LegislativeRoute219 (US-220). The originalpavement

consistedof 8 inchesof reinforced concrete18 to 20 feet wide. This pavementwas resurfaced with

a 2 inch binder courseand a 1 inch wearingcourse. A differentasphaltwas used for each wearing

course. Average daily trafficat the time of constructionwas 4,200.

Properties of the six asphalts used in the project are given in Table A.53. During construction

of the test sectionsin each project, mixtureand constructionvariableswere maintainedas uniformly

as possible. Mixingtemperatureswere controlledby viscosity,whichvaried between approximately

140 and 300 centistokes. The only significantvariablewas the asphalt type. Since construction of

the pavements, core samples have been obtained periodicallyto determine the percentage of air

voidsin the pavementsand rheologicalpropertiesof the aged asphalt. The last core samplingwas

done in March 1974, 113 months after construction.

Results

No differences in texture or color tones were observed between the asphalts when the

pavements were visually inspected just after construction and after one year of service. Visual

evaluation after 30 months of service indicated that the entire road surface was good with the

exceptionof some raveling in the Asphalt 1 sectionwhich was not adequately compacted and had

a higher void contentthan sections where other asphalts were used.

The rating method suggested by Olsen et al. (1969) was used as a guidelineto accomplishthe

visual pavement condition survey for evaluatingthe effects of asphalt aging. Subjective visual

evaluation included ride quality, raveling, spalling, loss of matrix, rutting, cracking (transverse,

longitudinal,and alligatorbut not reflectioncracking),and surface texture. A team of five engineers

evaluated these sections after 80 months of service (Kandhalet al. 1972). The last performance

evaluationwas conductedafter 113 monthsof serviceby eightevaluators(Kandhal & Wenger 1975).

Brief details of the pavement condition after 113 months are given in Table A.54. Pavement

performance ratingsand viscosity,shear susceptibility,slopes of viscosityvs.shear susceptibility,and

ductilityare given in Table 3.17. An idealpavementaccordingto this performance evaluationwould

have a performance rating of 72.
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Slope m Ductility
Viscosity Shear of Shear- 39.2 F, 1 cm/min Ductility
II F (25 C} Suscep- Viscosity Oriqinal After 60 F

Test Perfomance 0.05 dec" tibility Curves at Asphalt Mixing S cm/mln
Pavement Ratlng Ratln9 Rating llF (ZS C) (cm) (cm) (cm)

1 (poorest) Sl.1 l 1 1.174 14 4.1 0

6 59.8 6 4 1.354 21.9 7.3 8

4 60.1 S 6 1.431 23.5 7.5 7

2 60.4 4 5 1.738 53.3 11.9 19

S 61.2 2 3 2,859 68.3 24.3 19

3 (best) 61.S 3 2 3.166 101.0 42.2 49

Note: Tests are on asphalt recovered after 113 months of service.

Table 3.17 Relation of pavement performance to properties of recovered asphalt
for Pennsylvania1964 (Kandhal& Wenger 1975)
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Conclusions

The authors concluded that:

1. The slope of the relationship of shear susceptibility and viscosity proved a better

correlation with pavement performance than either shear susceptibility or viscosity alone.

Shear susceptibility (or shear index as defined in this study), is the tangent of the angle

of log shear rate (X axis) versus log viscosity (Y axis) determined from viscosity

measurements at 77°F using the microviscometer (Kandhal et al. 1973),

2. Ductility test values of the asphalts at 39.2°F, before and after pug mill mixing, are

consistent with the pavement performance ratings. Higher ductility values are associated

with better pavement performance. Asphalt 1 with the lowest ductility shows the poorest

performance.

3.17 TEXAS

Description

In an attempt to correlate standard laboratory test data to field performance, three experimental

test roads were constructed in different environments in Texas using different asphalt cements

(Adams & Holmgreen 1986). Another objective of the study was to determine the feasibility of using

gel permeation chromatography not only in research but also in the quality monitoring of asphalts.

Much of the focus of the study is on mix properties.

Ten asphalt cements (5 sources, 2 refineries) were used to construct pavement sites at Dickens,

Dumas & Lufkin in 1982-1983. The asphalts were all of the AC-10 or AC-20 grade. Original and

recovered asphalts were tested for penetration at 39.2°F, 77°F and viscosity at 77°F, 140°F and

275°F. In addition, Thin Film Oven residue was tested for penetration at 77°F and viscosity at 140°F.

The recovered asphalts came from cores sampled after one and two years of service. Tables A.55

to A.71 summarize the results of the physical tests that were performed on these asphalts. In

addition, the chemical composition of the asphalts were determined using both the Rostler-Sternberg

& Corbett procedures (Tables A.72 and A.73). The results indicate that there are wide differences

in chemical composition of these asphalts. The temperature susceptibilities of the asphalts were

computed using different methods and the results shown in Table A.74.

Gel Permeation Chromatography (GPC) was performed on asphalts extracted from field cores

as well as on the original asphalts. The major objective of the GPC study was to evaluate its

potential in quality monitoring applications. One factor considered was the effect of asphalt grade
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on chromatogramsproduced for the same refinery. The results showed that, for the most part,

different asphalts can be recognized by their respective chromatogram,although there was an

exceptionduringthis study.

Results

After one year, the pavementswere inspected. At Dickens,the pavementsurface appeared dry

but no major distresswas otherwisenoted. The roadwas fog-sealedthe followingyear. At Dumas,

the sectionswith asphalts B and C began to ravel severelywithin two months. By the end of the

first year, the sites had to be removedand replaced. However the authorsconclude that there is

no indicationthat the asphalt at Dumaswas the primarycause of the failuresince air voids reached

15% at some places. The other sites were performingwell. No distresswas noted at Lufkin.

Conclusions

Due to the lack of any long term field results, no correlationwith asphalt properties were

presentedin thisreport. However, a follow-upprojectis currentlyunderway, and the resultswill be

reported as they becomeavailable. Some conclusionson mi.xpropertieswere made, but they have

not been included in this report. Some relevantconclusionson the asphalt cement includedthe

following:

1. Based on the field performance data to date, the different asphalts in this study exhibited

equivalent performance.

2. Asphalttemperaturesusceptibilitycan adverselyaffectcompactionof hot mixedasphalt

concrete.

3. Gel PermeationChromatographywillproducechromatogramsthatwillallowidentification

of differentasphaltcements. However,there is no directcorrelationbetween the asphalt

chromatogramshapeand agingas observedby changein viscosity,but the shape does

show change with age.

4. GPC will produce similarchromatogramsfor asphalt grade AC-10 and AC-20 from the

same producer. It will indicate the presence of an additive or some other foreign

material in the asphalt cement in a comparativeanalysis of the chromatogram of the

virgin asphalt cement. Finally, it provides a means for monitoring the continuing

consistencyof asphalts.
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4.0 UNCONTROLLEDTEST ROADS

Uncontrolled road tests are those that are not planned experimental road trials. The

investigations represent an effort to study in-service pavements to determine if in-service asphalt

properties can be related to pavement performance. As defined by Welborn (1979), this category

includes the following:

1. Pavementsconstructed under normal contract procedures, with performance surveys

and tests on representative pavement samples to determine the properties of the asphalt

after one or more periods of service. Generally, only results of specification tests on the

asphalts were available.

2. Pavements constructed under normal contract procedures, with performance and tests

on the original and recovered asphalts where known or determined.

This chapter presents the results of the literature review (as of August 1989) on uncontrolled

test roads. Appendix B containsadditional tables and figures with detailed informationpertinent to

each investigation.

4.1 OREGON

Description

Between 1984 and 1988, the Oregon Department of Transportation (Thenoux 1987, Thenoux et

al. 1988) conducted a study to evaluate and implement an analytical chemical procedure that could

be used to characterize asphalt pavement materials. Eight highway projects that represented a

range of performance and highway environments throughout Oregon were selected for the study.

Physical and fractionalproperties of originaland recovered asphaltswere obtained together with mix

properties. The relationships between the fractional components and physical properties were

examined as well as relationships between fractional components and temperature susceptibility

parameters. Table B.1 summarizes the mix and core properties from the test sites.

Cores were taken from the travel lanes on each project, as well as some from shoulders and

non-trafficked path areas. The cores were cut into 2 halves and analyzed separately so as to

differentiate between the environmental effect on the exposed (top half) and unexposed (bottom hall)

portions of the pavements. A modified, small-scale version of the Corbett-Swarbrick procedure

(currentlyASTM D4124 with modifications under consideration by Committee D04.47) was used to

perform the asphalt composition analysis. The Corbett-Swarbrick chemical analysis yields 4 district
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fractions: asphaltenes,saturates, naphthene-aromaticsand polar-aromatics.Tables B.2a and B.2b

show the chemical composition for original samples before and after RTFO, and for recovered

asphalts, respectively. The resultsshown are the average of two separate and independent tests.

Results

Four groups of tests were performedon all 8 road projects:

1. Physical properties of originalsamples and after RTFO (Rolling Thin Film Oven test).

2. Physical propertiesof core-recoveredasphalts.

3. Asphaltchemical fractionationtest results.

4. Fraass test results before and after pressure oxygen vessel (POV) aging test.

The original asphalts used in the test sites had been stored in sealed cans since construction

of the projects. Physicaltests on these asphalts had been performed before the storage period and

after to determineif any changes had occurredduringstorage. The stored asphaltswere artificially

aged in the RTFO and tested. Table B.3 summarizesthe resultsobtained for originalasphalts and

after RTFO together with the results available at the time of construction. It was concluded that

asphalt samples stored insealed cansdid not show significantvariationsintheir physicalproperties.

The minor variations found were attributed to the reproducibilityof the test results rather than

changes due to aging.

Asphalt from cores was extracted and recovered using combinations of the following two

extraction and recovery methods.

=1. Extraction- Reflux hot extraction

- Cold vacuum extraction

2. Recovery - Modified Abson

- Roto-Evaporator

Tables B.4a and B.4b show the resultsof the physicaltests performedon recovered asphalts. The

authors conclude that the recovered asphalt did not have the same fractional compositionas the

RTFO samples. This indicates that recovered asphalt, after going through the extraction and

recoveryprocedure,may be chemicallyalteredand no longer representsthe in-placeasphalt and/or

that the RTFO aging test may not duplicate the changes made by the asphalt under natural

weathering and in contact with mineral aggregates. The authorsdid not attempt to predict these
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changes. Figure 4.1 illustrates the different trends for the recovered asphalts and the RTFO samples

with regard to asphaltenes and naphthene aromatics.

Four physical propertieswere measured; penetration at 4°C and 25°C, absolute viscosityat

60°C and kinematic viscosity at 135°C. Generally better correlations were found at higher

temperatures than at lower temperatures. The results for penetration at both temperatures were

similarand indicatedthat it was independentof the percentageof saturates,napthenearomaticsand

polar aromatics(Figure 4.2). The asphaltenefraction has an impact on penetration but the scatter

in the data suggests that some other physiochemicalproperty of the asphaltenes may be more

important. The authors also concludethat the test for penetration,in general, may not be sensitive

enough. The relationshipsfor viscosityare similarto those for penetrationbut have more noticeable

trends, particularlyfor asphaltenes. The higher the asphaltenecontent, the higher the viscosity.

A certain level of generalization of rheological and chemical behavior on original and aged

asphalt was possible by studying a relatively small group of asphalts. However, analysis of individual

asphalts showed that different asphalts do behave and age differently. The different types of

behavior shown by all samples when changing from original to aged materials suggest that more

than one aging condition could be studied. For example, asphalt samples should be aged at three

or four different RTFO conditions and the rate of changes in measured properties compared among

the different asphalts. Measuring absolute changes of asphalt properties based on one aging

condition may not reflect the overall aging behavior.

The POV test (conducted at 100 psi oxygen pressureand 60°C for 2 and 5 days) was used

to produce accelerated agingof asphalt binders. The POV devicewas used in conjunctionwith the

Fraass test to evaluate oxidative aging. It should be noted that the POV test ages asphalt in an

oxygen-rich environment in an attempt to simulate long-term aging whereas the RTFO uses high

temperature and simulates short-termconstructioneffects.

The Fraass BrittlePointTest, which is not a standard ASTM or AASHTO test, was utilized to

assess the changes in fractionalcomponentsof the asphaltafter the POV aging test. Changes in

compositionwere compared with changes in Fraasstemperatureand with changes after the RTFO.

Figure 4.3 shows the relationshipsbetween Fraasstemperatureand the asphaltene component for

resultsfrom three projectsbefore and after aging. The asphalteneswere the only fraction that had

a relationshipwithFraass temperature. The authorsconcludedthat the POV5-day test wasthe most

severe aging test, and caused much greater change in compositionthan did the RTFO test. Also,
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asphaltene content increases with aging but original asphaltene content is not related to the total

amount of aging after RTFO and POV.

Finally,four indiceswere calculatedto correlatechemicalcompositionanalysiswithtemperature

susceptibility:PenetrationIndex (PI),ViscosityTemperatureSusceptibility(VTS), Penetration-Viscosity

Number (PVN) and Penetration Ratio (PR). The PI was calculated using Pfeiffer's and van

Doormaal'sprocedureand the PVN usingMcLeod's (1972) procedure. The VTS may be calculated

usingthe followingequation:

VT8 = [log log Vz - log log Vl] / [log T1 - log Tz] (Eqn. 4.1)

where

VTS ---Viscositytemperature susceptibility

T1 & Tz---60°C and 135°C, respectively

V1 = absoluteviscosityat 60°C, Poises

Vz - kinematicviscosityat 135°C, Poises

The penetrationratio is obtained using the followingequation:

PR = (Pen @ 4°C, 200g, 60 sec) / (Pen @ 25°C, l OOg,5 sec) (Eqn. 4.2)

A lower PR would indicategreater temperature susceptibility.

Relatively good relations were found between fractional composition and temperature

susceptibility. Better correlationswere found for the PR and PI indices (penetration ratio and

penetrationindex, lowtemperaturerange) than for VTS and PVN (viscositytemperaturesusceptibility

and penetrationviscositynumber, high temperaturerange). Figure 4.4 illustratesthe data obtained

for the PI relationships. It appears that the % asphaltenes has a marked effect on PI on original

asphalt. The higher the asphaltene content, the higher the PI (lower temperature susceptibility).

Regressionanalyses showed that the four indices used were distinctlydifferentand that fractional

compositionhad entirelydifferenteffects on all four.

4-7



0.00
• • • 0 o O

-0.20

x -0.40

"_ -0.60
= ..-- -0.80 t.

o -1.00.,I

© -1.20
_- % []

- 1.40 • []

aJ -1.60 • n
I:L

-1.80

-2.00 t i t l I t i t t
0 5 10 15 20 25 30 35 40 45 50

% Fractions

[• A3phaltenesI o N-AromaUc31D P-Aromatics • Saturates

0.00
aAA _ 0

-0.20

× -0.40

_= -0.6o •
= -o.8o %
o _ 0
.- - 1.00

:

_. - 1.20 j, o
•_ Oo- 1.40

e-- • o

- 1.60 • o

- 1.80

-2.00 i _ t _ t I t J t
0 5 I0 15 20 25 30 :35 40 45 50

% Fractions

Figure 4.4 Penetration index versus chemical fractions original and RTF() samples
for Oregon (Thenoux 1987)

4-8



Conclusions

The authors made the following conclusions:

1. Asphalt samples stored in sealed cans at room temperature for periods of up to 12

years did not show significant variations in their physical properties.

2. Due to differences in the fractional composition between original and RTFO asphalts,

the extraction and recovery procedure may chemically alter the asphalt such that it no

longer represents the in-place asphalt. Another possibility is that the RTFO aging test

does not duplicate changes due to weathering.

3. Physicalpropertiesof originaland RTFsamplesgenerallyshowed bettercorrelationwith

all four fractions (asphaltenes, saturates, polar and napthene aromatics) at higher

temperatures (viscosity)than at lowertemperature (penetration),i.e. viscosityat 60°C

and 135°(3 correlatedbetterwith chemicalfractions that did penetrationat 4 and 25°C.

The higher the asphaitene content, the higher the viscosity.

4. Good relationshipswere found between PR and PI indices and fractional composition

of originaland RTFO samplesin the lowtemperature range. Less favorable correlations

were found with V'I'S and PVN.

5. The four methods used to extractand recoverasphalts gave different results.

6. In general, with the few data available,Fraass brittle temperaturedoes not depend on

asphalt composition. However, asphaltenecontent increaseswith aging similar to the

increase in Fraasstemperatures.

7. The POV test in general did not simulate field aging in terms of percent change in

asphaltenes.It did cause greater change in compositionthan the RTFO test.

4.2 FEDERAL HIGHWAYADMINISTRATION

Description

The Federal Highway Administration (FHWA) began a comprehensive study in 1954 - 1956 on

asphalts in relation to the performance of pavements (Vallerga et al. 1970,Vallerga & Halstead 1971,

Welborn 1979)o Asphalts representing current production then in the U.S. were collected and

analyzed. The asphalts represented those used in 285 identifiable construction projects in 37 states.

In 1967, a continuation study was initiated to survey the pavements where the known asphalts were

used and to sample a preselected number of in-service and out-of-service pavements. The

objectives of the study were to determine the over-all changes in the fundamentai physical and

chemical properties of the recovered asphalts after 11 to 13 years of service, to relate the changes
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to the fundamental properties of the asphalts before and after laboratory aging, and to relate the

changes to pavement performance.

To accomplishthis objective,53 pavementsin 19 stateswere selected for evaluation. Fifty were

constructedwith 85-100 penetrationasphalt and the remaining3 with 60-70 penetrationasphalt. In

1967, 34 of the projectswere in service and 19 had been resurfaced. The pavementswere visually

examined and rated for distressessuch as cracking, ravelingand rutting. Samples were shipped

to the MaterialsDivisionof the FHWA,where fundamental and conventionaltestswere performedon

the mixtures and recovered asphalts. Tables B.5 to B.6 summarize these properties. Chemical

analysis by the Rostler method was performed by Materials R & D (Vallerga & Halstead 1971).

Results

The authors reported that none of the measured properties on the original asphalts was, by

itself, a determiningfactor as to whether the pavementssurvived in service. The differencesfound

in the penetrations, viscosities,Rostlerparameter [(N+A1)/(P+Az) ] and pellet abrasion tests were

found to be in the predicted direction and were indicativeof aging, but they concluded that the

differences were not considered to be governing. No significantdifferences were found in any of

the propertiesof the asphalt concretes as of the aggregate between the surviving and unassuming

pavements. However, differences were found in the ductility measurements which support the

hypothesisthat asphalts with a higher ductilityare more likely to service longer.

Of greater interest in this study was the effect of air voids. The authors conclude that the

relationshipssought between mixand environmentalfactors and changes in asphalt properties due

to field aging were greatly overshadowed by the void content of the mix.

Fourlaboratoryaging procedureswere alsoexamined;the modifiedthin-filmoventest, California

weathering oven, Thin-film oven test and the MR & D infrared oven. Generally, it was possible to

relate the relativeseverityof field and laboratory aging of the asphalt to void content.

a. Modifiedthin-filmoven test - the 7-hourtest is approximatelyequivalentto 11 to 13 years

of field aging at void contentsof 3 to 5%. For voidsof 4 to 6% a 9-hour testwas used.

b. California weathering oven - A 200 hour weatheringperiod is more severe than 11 to

13 years of field weathering for void contents less that 2%. For void contents greater

than 5%, 1,000 hours is required.

c. Thin-filmoven test - For all air voids, this testwas less severe than the proceeding tests.
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d. MR & D infrared oven - A 7-day weathering period produces changes in chemical

composition similar to those produced in 11 to 13 years of field aging in asphalt

concrete pavements but with significant differences in individual components.

Asphaltenes increases more when air voids > 4%; and nitrogen bases are relatively

independent of voids. Paraffins and acidaffins generally decrease as air voids increases

although the data do not give very clear trends.

Conclusions

The authors concluded that:

1. The most important factor in hardening (measured by ductility) of the asphalt cement

in a pavement is the void content. In pavements of below 2% voids, field aging during

a service life of 11 to 13 years appears to be negligible. Above this level, hardening

increased with air voids (Figure 4.5). At 2% voids, the ductility at 60°F is approximately

15.

2. Changes in chemical composition were closely associated with the hardening of the

binder, although there is considerable scatter in the data as shown in Figure 4.6. The

increase in asphaltenes and decrease in acidaffins were also found to be generally

related to the void content. The scatter of the data did not allow the authors to draw

any well-substantiated conclusions. However, Figures 4.7 (penetration) and 4.8

(viscosity) show that:

a. For void contents less than 2%, hardening was directly related to the Rostler

parameter (N+A1)/(P+A2);

b. For void contents exceeding 2%, the relationship of penetration and viscosity to

Rostler's parameter is not proportional. An increase parameter value above 1.4

resulted in a sharp increase in hardening. However, it was also indicated that

increase in hardening may occur with low parameter values. The lowest amount

of hardening occurs in a Rostler parameter range of between 1.0 to 1.5.

3. No overall correlations were found between pavement evaluation ratings and the

properties of the asphalts. However, some trends were noted:

a. Severe raveling was found when the penetration of the recovered asphalt was

less than 10 and the ductility at 60°F less than 3.

b. A similar relationship was found for spalling but it was less pronounced.

4. However, no numerical correlation was developed between void content and pavement

ratings, despite voids having an effect on hardening.

4-11



150

lh, [

131 [

I
120 [ O

u_ O
I,--
..I

-1- 110
o. 0

,_ j ALL IN SERVICE SAMPLES100 0 .
O

"' Iw 0

> 90 [O

u CO 0
,Yw O [

8O I

o 70 Io

,- 610"_ 60 c g
_- 0
-- 50 0J

- I
::) h0 IO

" 0
1

30 ",

oc_ g& o

•I0 o

o- _^^ I , I o _
0 2 h 6 8 10 12 lh 16

AIR VOIDS, %

Figure 4.5 Relation of ductility at 60°F after field aging to air voids for FHWA study
(Vallerga et al. 1970)

4-12



20

IN SERVICE SAMPLES

18 RELIABILITY RATING : )

16 % ....,--, O
I---
._I

-,- O

'< 14 %

oU- 00(_)0 J,- 0 C:C)
" _ no-, o_11 o o, o

0 v _ 0z 0
ua 0 0 _ 0 0I--

z /0 0
o 0

u 1o 0 0 0
',' 0 0 0

z O O O Oo
" 8 0 0< 09

D 0/_ O_ g 0" 0 0 ' 0 0

0% _ _o0 0 0
-_ _ o t_-TC i_° o°

o.. ,7o- OOo
6= oolo 8

o 4 (9/0/o -0

,
0 0 2 4 6 8 10 12 14 6

AIR VOIDS,

Figure 4.6 Relation of change in asphaltene content during field aging to air voids
for FHWA study OVallergaet aL 1970)

6-13



×
(_

O0

0

_oLL J.V NOIJ.VNJ.qNqd NV_H £D_PO_d

4-14



30O =

X = OUT OF SERVICE J J

20 NOS. = t AIR VOIDS

IR VOID_

Q >5_

.lOi

m_ 80-- @_

_ 60

Xs
o hO

R VOIDS

_ 5
m 20_0
u
m AIR VOIDS _ 21

z 1.5

z 1c X

-×
o 3

Q ,5

h

3 -0 2

, F
0.6 0.8 1.0 1.2 I._ i 6 1 8 2 0t • • •

(N+A I) / (P+A 2)

Figure4.8 Relationof viscosityat 77°F after field aging to Rostlerparameter for
FHWAstudy (Vallergaet al. 1970)

4-15



5. Comparisons of field aging with laboratory aging tests show that both the California

weathering oven aging (1,000 hours) and the FHWA modified thin-film oven aging (7

hours) resulted in hardening of the asphalt to a degree comparable to 11 to 13 years

of field aging in a pavement with approximately 4% air voids.

6. The type of chemical change occurring during long-term field aging differs from that

taking place in short-term, laboratory aging. Although formation of asphaltenes occurs

in both cases, the disappearance of second acidaffins and increase in nitrogen bases

occurs in a greater extent in field aging than in accelerated laboratory aging.

Further Studies

In a later study, Zenewitz and Welborn (1975) made detailed computerized linear regression

analyses of the data. Included were linear regression equations, analysis of variance, coefficient of

correlation, and standard error. Rostler's analysis was used to relate penetration and viscosity of

original asphalts, thin-film residues, and recovered asphalts to the void contents of pavement

samples and to chemical fractions. Coefficients of correlation ranged from -0.84 to - 0.93. The more

important findings are as follows:

1. The consistency of the thin-film residue provided a better reference point than did the

consistency of the original asphalt.

2. Of the chemical fractions, the second-acidaffin and paraffin content (P) of the original

asphalt related best to the ultimate hardening level of the asphalt after service. The

higher amounts of each of these fractions were associated with a lesser degree of

hardening, assuming all other factors were constant.

3. Regression analysis also showed that relatively high content of first acidaffins (A1)

correlated with greater hardening of the binder.

4. Long-term hardening in the pavement generally can be estimated from a knowledge of

the asphalt content and volume of air voids.

5. The data from this study are available for studying the effect of temperature and shear

susceptibility on pavement performance.

A study of variability of the properties of the pavement samples within and between projects

indicated the following:

1. Pavementsshould be sampled at several random sites so that meaningful estimates of

mixture and asphalt propertiescan be obtained.
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2. Significantly lower sampling and testing variability of the bulk specific gravity

measurements were obtained in 8-inch core samples than in 6-inch and 4-inch samples.

Whenever possible, 8-inch cores should be used.

3. Based on the findings of this study, the authors recommend that average mixture and

pavement properties should include standard deviations and coefficients of variation.

Although not included in this synthesis, several correlations of variability were made on

properties of pavement and mixture samples from surviving and non-surviving pavements.

4.3 OKLAHOMA

Description

Nine test sites in Oklahoma that had various degrees of transverse cracking were studied and

reported by Noureldin and Manke (1978A). The objective of the study was to determine the nature

and extent of transverse cracks on selected pavements and investigate the causes of this form of

distress. Four sectionswere located on US-177 and five sections on 1-35 and 1-40. Two of the

interstate sites had almost no cracking and were chosen for comparativepurposes. The original

constructionfor the sections was 4.5 inches of asphalt concretewith 9 to 12 inches of stabilized

base. A 1.5 inch overlaywas placedon all sections except5 and 8. At each test site, the pavement

was surveyed in detailand transversecracks(multiple,full width,and half width) were counted. The

crackingindex (C.I.) was then computed based on the procedurereferenced by Fromm and Phang

(1972). Crack depthswere measured during coring operations.

Random core samples of 6 inches and 4 inches in diameter were obtained from each test site.

The larger cores were used to study crack formation, and the smaller cores were used to determine

low-temperaturetensileproperties. The coreswere takenapproximately 5 years after the overlaywas

placed. The asphaltwas recoveredfromthe core specimens,and stiffnessmoduluswas determined

usingMcLeod's (1972) pen-visnumber (PVN).A temperatureof -10°F (-23.3°C) at a pavementdepth

of 2 inches and a loading time of 20,000 sec. was assumed for the calculation after a study of

climatologicaldata for Oklahoma. The recoveredasphaltpropertiesand calculatedbinder stiffnesses

are presentedinTable B.7 and the mixturecompositionand calculatedmixturestiffnessesare shown

in Table B.8.

Results

The low temperature stiffness moduli of the recovered asphalt cements were related to the

cracking indexas shown on Figure4.9. With the exceptionof site 7 on 1-40,pavementsectionswith
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a high degree of cracking were those that had the stiffer asphalt cements. The cracking index of

site 7 was 20.0, but the stiffnessmoduluswas relativelylow. It is possiblethat the high frequency

of crackingat this sitewas associatedwith a subgrade problemor other related factors. If the data

for this site are disregarded, the coefficient of determination(R2) is 0.82. Noureldin and Manke

(1978B) stated that "... this is a remarkably high value consideringthe variables involved in this

generalizedrelation.'

Conclusions

Two conclusionsof the study in relating asphalt propertiesto transverse cracking (durability)

were noted, as follows.

1. Cracksoriginated in the surface and appeared to have been caused by cold-temperature

contraction of the asphaltic concrete surface layer.

2. The stiffness moduli of recovered asphalts, determined at the lowest minimum

temperature in central Oklahoma using McLeod's (1972) PVN method, were correlated

with the cracking indexes of the pavement test sites. The stiffer or harder the asphalt

cement in a pavement, the greater was the degree of transverse cracking.

4.4 ONTARIO (Fromm & Phang)

Description

This investigationwas designed to survey existingpavements where contrasting types of

transverse cracking occurred within close proximity to each other, either on the same or different

pavingcontracts. The objectivewas to identifythose factorswhichdifferedbetweenthe projectsand

caused the cracking (Fromm and Phang 1972).

A field study was conducted during the summers of 1966 and 1967 to identify the causes of

transverse cracking of asphalt concrete pavements in Ontario. A total of 33 paving projects were

investigated. Crack counts were made and samples taken of all pavement layers and the subgrade

soil. In addition, a laboratory analysis was made to determine the properties of the paving materials.

Table B.9 summarizes the asphalt cement properties that were measured.

Results

The type and amount of crackingwhich was found on the various projectswas quite varied.

Fourcategorieswere used to differentiatebetween the types of transversecracks found: (a) multiple

transverse, (b) full transverse, (c) half transverse, and (d) part transverse. As a measure of the
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severity of the cracking, a Crack Index value was developed. This index was determined by adding

the number of multiple and full transverse cracks with one half of the number of half transverse

cracks occurring in a 500 foot stretch of two lane pavement.

The Cracking Index was used as the independent variable in a regression analysis of the factors

that contribute to the low temperature cracking frequency and severity. Test results indicating the

consistency of the asphalt cement binder materials were reduced to a single input value - the

penetration of the recovered asphalt cement at 77OF. Further, the temperature susceptibility of the

recovered binder was represented by .a ratio of the viscosity at 60°F to the viscosity at 275OF.

The stepwise regression analysis included some 40 variables in the first run of the program.

Additional runs resulted in the dropping of many variables that had low correlation coefficients. The

final list of variables used in the analysis included: (a) viscosity ratio, (b) freezing index - degree

days, (c) critical pavement temperature, (d) air void content, (e) stripping rating, (f) penetration of the

recovered asphalt cement at 77°F, (g) percent asphaltenes, (h) amount of material passing the No.

200 sieve in the granular base course material, and (i) the amount of material passing the No. 200

sieve in the asphalt concrete aggregate.

For the general model, which includes all of Ontario, the correlation coefficient R (not Rz) was

0.636. The model for the northern part of the province had an R-value of 0.622 and for the southern

portion of the province, R increased somewhat to 0.704. These equations are found in Table 4.1.

Conclusions (reported by Fromm & Phang)

The following conclusions were drawn from the results of the study:

1. Transverse cracking is largely a temperature phenomenon. The cracking is more severe

in areas of high Freezing Index.

2. The transverse cracking of bituminous pavements can be reduced or retarded by using

softer asphalts or asphalts of lower temperature sensitivity.

3. The stiffness modulus of the bituminous concrete at low winter temperatures is the major

factor governing transverse cracking. The gradation of the base and subbase material

has a small effect, but the major effect is concentrated in the bituminous pavement.
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Table 4.1 Regression Equations for Ontario
(Fromm and Phang, 1972)

General Model:

Y = 52.22x1 + 0.0007093xz + 0.4529x3
- 1.348X4 + 0.4687X5- 0.0790,3x6
- 0.4887X7 - 0.1258X8 - 0.1961X9

Multiple Correlation CoefficientR = 0.6357
NorthernModel:

Y = 30.30x1 + 0.00602xz + 0.5253x3
- 1.280x4+ 0.s19%-o.02s x6
- 0.0844x7 - 1.496x8 + 0.225x9
+ 3.1043X 0 + 0.097X..

Multiple Correlation Coeffi_:_entR = 0.6_
Southern Model:

Y = 64.74x1 + 0.008279xz + 0.3935x3
- 1.491x4 + 0.3246x5 . 0.0001481x6
- 0.6069x7 - 0.8071xs - 0.6567x9

Multiple Correlation Coefficient R = 0.7038
where:

x1 = viscosity ratio
x2 = freezing index
x3 = critical temperature
x4 = pavement voids
xs = stripping rating
x6 = recovered asphalt penetration at 77°F
x7 = percent asphaltenes
x8 = granular base, pass #200
x9 = asphalt concrete, pass #200
Xl0 = granular base, clay
Xll = granular subbase, pass #4
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4.5 ARIZONA

Description

Research projects in Arizona were begun in 1971 and 1972 to relate laboratory and field test

data with field performance and the data reported in 1978 (Way 1978). A series of test locations and

projects were identified and investigated including old road mixes built in the 1940's to modern mixes

built in the 1970's. Table B.10 gives construction dates and additional information on mixture

characteristics.

Results

Asphalt grades included 40/50 to 100/300 penetration asphalt, as well as cutbacks. One project,

Minnetonka-East, contained all penetration grades of asphalt as part of a thin overlay. Various

aggregate sources and types were also represented. Table B.11 gives considerable information

about the as-constructed properties of the various asphalt cements. The oldest projects (Cutter and

Show Low) built in 1940 and 1946 were road mixes with cutback asphalt used as the binder.

Subsequent projects built from 1956 until 1975 were mixed in a hot plant, with paving grade asphalt.

In 1976, four inch diameter cores were obtained and returned to the laboratory. These properties

are shown in Tables B.12 and B.13.

Pavement performancemeasurementsincluded Mays ride meter, average rutdepth and average

percent of cracking. The type of cracking(load or non load associated)was not distinguished. The

percent of cracking was determined by comparison of photos of the test section with standard

photosshowing variouslevelsof percent cracking. The rut depth measurementsare shown in Table

B.14 and the percent cracking estimatesare shownon Table B.15.

Conclusions

No conclusions could be made regarding the relation between rutting or cracking and recovered

asphalt properties. Rather, comparisons between the actual performance to predicted performance

using the PDMAP performance prediction model described by Finn et al. (1977) were made instead.

4.6 WYOMING (Low Temperature Cracking)

Description

Fifteen pavement sites in Wyoming (Gietz & Lamb 1968) of varying ages and performance were

sampled and the recovered asphalts and aggregates analyzed. These investigations were

undertaken to examine the hardening of asphalt in service and the relationship of this hardening to
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the occurrence of lateral cracking. Temperature variant propertiesthat had the most effect on

pavement performanceswith respect to lateral crackingwere examined.

The pavement sites were divided into 2 groups; Progressive and Performance. In the

Progressivegroup, asphalt cement and uncompacted plant mix were obtained at the time of

construction. In addition, samples from the compacted pavement were taken immediatelyafter

constructionand at intervalsthereafterfor 2 years. The Performancegroup containedexistingroads

withservice periods up to 8.5 years. The test resultsof the recoveredasphaltsof bothsamplesare

shownin Tables B.16 and B.17, respectively.

Resu_s

In all samples, there was a considerable increase in softening point and a decrease in

penetrationwithtime. A greaterdecrease in penetrationwas noted on siteswitha highvoid content.

Pavementswith frequent lateral crackingshowed higher void contents in conjunctionwith greater

hardening and oxidation as shown by penetration and the IGLC test. The Inverse Gas-Liquid

Chromatography(IGLC) test is a procedureto measurethe degree of interactionof the asphalt with

variouscompounds. A higher numericalvalue for the InteractionCoefficient(Ip) indicatesa greater
degree of interactionwith the asphalt. The results from this test are summarized in Table B.18.

Davis & Petersen (1967) have shown that a high phenol Ip is associated with poor pavement

performance in the Zaca-Wigmore test road (see Section 3.1). From the test sites in Wyoming,

however, the results of IGLC test did not demonstrateany consistentvariation of Ip values with
sample age. Also, since projects on which crackingwere noted were all cracked at the beginning

of the project,it was not possible to correlateany actual levelof agingwiththe inceptionof cracking.

Conclusions

The following conclusionswere made:

1. Softening Point increasesand penetrationdecreaseswith age.

2. Mixes with a higher void contents show a greater decrease in penetration.

3. IGLC test did not show any correlationwith age.

4. No correlationswere possible between aging and inception of cracking.
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4.7 WEST TEXAS

Two studies were performed on pavements in West Texas. The first was by Benson (1976)

which evaluated the relationship between asphalt hardening, thermal forces and low temperature

transverse cracking. The second was performed by Anderson & Epps (1983) and was primarily

concerned with the role of asphalt concrete in low temperature cracking. The focus of this second

study was on mix properties.

Description(Benson 1976)

In the first study (Benson 1976), cores were taken periodically from over 50 highway projects,

and a hardening model developed from these data. Controlled laboratory studies of asphalt

specimenswere also made. The effect of factors such as asphalt content, compactiveeffort,solar

radiation and special addition on age hardeningwas then assessed.

Results(Benson 1976)

Out of the 50 highway projects, nine were eventually selected due to the fact that some sections

had been sealed or overlaid or displayed no transverse cracking. These nine sites ranged in age

from six to 10 years old. During the field surveys, the amount of transverse, longitudinal and alligator

cracking was measured. In addition, Mays meter readings were also taken and serviceability indices

calculated. Asphalt properties for the nine selected sites are summarized (cores were taken) on

Table B-19. Also, Spearman's Rank correlation coefficient (r), used to test for the significance of the

correlation between crack frequency and the asphalt properties, is included. From this table, it is

apparent that viscosity at 77°F, hardening index at 77°F and penetration at 77°F all correlate

significantly with transverse crack frequency. In addition, binder stiffness (but not mix modulus) and

percent air voids also correlate significantly.

Other variables examined in this study included environmental factors such as precipitation,

temperatures, freeze-thaw cycles and traffic. Surprisingly, none of these factors correlated with

transverse crack frequency, although it was noted that different materials were used at each test site

so there were varying tolerances to environmental conditions. However, it did indicate that material

properties were more significant than environmental.

The laboratory specimens were included in the study to achieve a more precise control of all

factors. Specimens were 17 inches in diameter by 2 inches thick, and compacted by a large

gyratory compactor and were referred to as "pizzas.' They were then placed outdoors for 3 years

before they were cored and the recovered asphalts tested. Table B.20 summarizes these results
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which included penetration,viscosity, air voids and stiffness measurements. However, no clear

pattern emerged from the data. Also, various hardening susceptibilityindicators(Actiniclight,Thin

Film Oven Test, Aging Index and Vanadium content) were also studied and none were significant

statistically(Table B.21).

Finally, a hardening model was developed to predict asphalt hardness for original properties.

Two general models were developed of which the penetration model proved to have more practical

benefit and was therefore selected for use.

1. Penetration model: P = a + b In (t)

2. Viscositymodel: V = atb

where:

P = Penetrationat 77°F

V = Viscosityat 77°F (Megapoises, shear rate = 0.05 sec"1 sliding plate viscometer)

t = time from lay-down,months

a,b = non-dimensionalcoefficientsderived from least square regression analysis

For penetration, the coefficient"a" and "b" represent indices for short and long term hardening,

respectively. "a" is a function of original asphalt properties, mixing conditionsand mix hardening

susceptibility,while 'b" is relatedto environmentalfactors and long-termchemical reactions. "a"is

approximatelyone-half the original penetration, while a more reliable technique to predict "b" is

required. Figure 4.10 illustratesthe hardening curve for one site. The general models had

correlationscoefficientgreater than 0.95, and generallyfollow experimentalresultsreasonablywell.

It was alsonoted that the experimentalerrors for the lab resultswere much higher than for the field

studies,primarilybecause of non-uniformityduringthe fabricationof the lab specimensand the use

of less experiencedpersonnel in the recoveryand testing of the asphalt.

Description(Anderson & Epps 1983)

The second study (Anderson & Epps 1983), as mentioned earlier, focused primarily on mix

properties. However, one of the objectiveswas to determinethe contributionto cracking made by

the binder, and to investigatethe use of existinglowtemperature crack prediction models used in

West Texas.

Six sections in West Texas were selected for detailed study, all were located on highways. All

surfaces were constructed as overlays, using AC-20 with the exception of one site which used AC-

10. All asphalt cements came from the same refinery. At each site, slabs were obtained and tested
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in the laboratory. The recovered asphaltswere tested to determine penetration at 25°C and 4oc,

viscosities at 25°C and 135°C and ring and ball softening point. Table B.22 summarizes the physical

properties of these asphalt cements.

Results (Anderson & Epps 1983)

From the results, it was interesting to note that the AC-IO site (I-10) had the hardest asphalt

rather than the softest. This could be explained by it being one or 2 years older and having lower

asphalt content and high air voids. The results for each sample were plotted as Bitumen Test Data

charts (Figure B.1) and there was very littlevariation in the slopes. From this, it was inferred that

the temperaturesusceptibilitiesof all the recovered asphaltsdo not differ greatly from one another

(using PI per Heukelom's method) and fell within the range expected for most U.S. produced

asphalts.

All test sites were visually inspected and the serviceability index obtained from Mays meter runs.

In addition, crack maps were drawn and Dynaflect measurements taken. These results are

summarized in Table B.23a. Pavement ages at the time of inspection were 5 and 7 years, and 2

sections exhibited no cracking, while 2 others had extensive cracking. After 13 years, 3 sections

had extensive transverse and block cracking while the same 2 sections still exhibited no cracking.

The Van der Poel nomograph was used to calculate the predicted cracking temperatures for

each sectionas presented,inTable B.23b. The predicted fracturetemperatureswere determined by

calculatingthe temperaturedifference from the R & B softening point usinga Pi of -1.0, a loading

time of 1/2 hour, and a criticalstiffnessof 1 x 109 N/m2, and subtractingthisvalue (90.C) from the

actual softening point of the asphalt. Although the predicted crackingtemperatures are all below

the minimumexpected pavement temperatureof 8-F to 10,F, the sectionwith the mostcracking (I-

10) comes within 7-F. The two sections that were uncracked (SH-18 and US-285 (186)) had the

lowestpredicted cracking temperatures.

For two test sections (I-10 and US-285 (186)), the low temperature cracking prediction model

known as COLD (Finn et al. 1977) was run. Field observations showed that the section on 1-20

contained cracking while US-285 (186) did not. The COLD program output for critical low

temperature periods indicated that the induced stress due to temperature exceeded the tensile

strength of the pavement on 1-20(i.e., predicted cracking) but the tensile strength was not exceeded

on US-285 (186).
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Conclusions

The authors concluded that while the predicted cracking temperature usingthe critical stiffness

method does not yield precise and definitive results, it does demonstrate that asphalt cements

recovered from pavementsin West Texas are at least approaching the range of "criticalstiffness'

reported by other investigatorsat field temperatures. They also hypothesized that the more rapid

cooling rates experienced in West Texas may increase the predicted cracking temperatures by

justifyinga shorter loadingtime.

In addition, they concluded that the COLD program produced predictions of low temperature

cracking that agree with the observations of two field sections. They stated that time did not permit

analysis of all six test sections; however, the validity of the approach appeared to have been

demonstrated. Finally, the original counts had hardened to varying degrees to the range of 15 to

50 penetration at 25oC. Indicators of temperature susceptibility are inconclusive, although the use

of PI or PVN's would appear to be reasonable.

4.8 TEXAS (Traxler)

Description

In 1964, 13 paving projects were located throughout the state of Texas (Traxler 1967a, 1967b)

to determine the changes that occur in the asphaltic binder during the preparation, laying and

service life of the pavement. Asphalt cements of 85-100 penetration from nine producers were

studied. (Note: in Traxler's TTI report, 17 sites and asphalts from 10 producers were studied;

however, four sites were removed from the AAPT report with no indication of the reasons). The

pavements were constructed using normal construction procedures.

Results

Samples of the mixture at construction were taken, and slabs cut from the pavement after one

day, 2 weeks, 4 months, 1 year and 2 years of service. Both original and recovered asphalts were

tested for viscosity at 77°, 95°, 140° and 275°F. Ductility was measured using the California micro-

susceptibility machine at 77°F. In addition, the original asphalts were tested for susceptibility to

hardening by heat and oxidation (Dark air oven for 2 hours at 225°F). Asphaltene contents were

determined after 1 and 2 years of service, and recovered petroleum tested for viscosity at 77°F.

Tables B.24 - B.27 summarize these results.

A relative viscosity for each recovered asphalt was calculated to compare the hardening of the

different asphalts. This relative viscosity (or aging index) is the ratio of the viscosity of the aged

4-28



asphalt to the viscosityof the original asphalt. Table B.28 summarizes these results. It was found

that the combined mixing cycle resultedin a 1.55 to 2.80 fold increase in viscosity. After 3 years

of service, the pavements had ratios ranging from 13.5 to 41.5. The relative viscosityof the lab-

aged asphalts ranged from 2.55 to 6.35 which is comparableto the 2.2 to 7.6 increase shown after

2 weeks of service.

Conclusions

The followingconclusionswere obtained from these tests:

1. A small increase in viscosityoccurs duringthe preparationof the mix, laying and the

first2 weeks of service. Betweenthe 2 weeks and 2 years of service, there is a greater

increase in viscosity. However, the increase in viscosity varies among the different

asphalts combinedwith different aggregates under various service conditions.

2. The results of the chemical analysis showed that asphaltene contents generally

increasedby 1.4.8.3% after 1 year. After2 years,three of the asphalts had a reduced

amount of asphaltenes, 1 - 1.4%; however,the remainingeight continuedto increase

in asphaltenes.

3. The viscosityof the petrolenesafter 2 years were 1 to 20 times higher than the original

asphalts. The 20 fold increase occurredon the site where limestoneaggregates had

been used. It was concluded that lowviscosity oil had probably been drawn into the

capillariesof the limestone.

4. Nuclear activationanalyses indicate that oxygen content was higher after 4 months.

After 1 year, it decreased slightly then increasedor remained the same after 2 years.

4.9 SOUTH AFRICA

Description(Jamieson and Hattingh 1970)

Jamieson and Hattingh (1970) reported the results of comparisons between physical and

chemicalbitumenpropertiesassociatedwith performanceafter sixyears underSouth Africa coastal

conditions(temperateto warm and humid climate). Eighteen bitumenswere studied. Detailsof the

test asphaltsare shownon Table B.29.

Results (Jamiesonand Hattingh 1970)

A comparison of physical and Rostler-Sternberg chemical precipitation test data in relation to

field performance is shown on Table 4.2. The authors showed that under the South African coastal
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conditions, where these experiments were laid, the results of chemical analyses on the bitumens

expressed as a ratio of the more reactive to the less reactive components (component ratio) should

be 1.0 to 1.7 for optimum performance and not 0.8 to 1.5, as suggested by Halstead, Rostler and

White (1966).

Description(Hattingh 1984)

Hattingh (1984) reported the resultsof another study in South Africa in which the performance

of roads constructedwith four locally produced 150/200 pen asphalts were compared to ductility

measurements and high pressure liquid chromatography (HPLC) and Gel Permeation

chromatography (GPC) determinations. The asphalt properties are shown on Table B.30. All

asphalts met the South Africaspecificationswith the exceptionof a marginallyhigh penetrationfor

Asphalt A.

Results(Hattingh 1984)

Immediatelyafter construction,the roadsconstructedwithAsphaltsA and B bled profuselywhile

those constructed with Asphalts C and D were still in satisfactorycondition after 9 and 3 years,

respectively. Performanceratingsin relationto the asphalt propertiesare given inTable 4.3. Figure

4.11 showsthe molecularmass profilesafter GPC analysisfor asphaltsC and D are comparedwith

those of asphaltsA and B. There is a differencein the concentrationof the high molecularmass

constituentsat a retention time of approximately 18.0 minutes. The author concluded that the

setting problems exhibitedby asphalts A and B were probablydue to:

a. Their low asphaltene contents, and

b. Insufficient high molecular mass components in the asphaltenes.

It should be noted that the report did not state whether the bleeding may have been related to

factors other than asphalt characteristics,such as air voids, traffic,etc.

Conclusions

1. More fractionation data from asphalts that have been used in road construction are

required before any conclusionscan be drawn as to whether a relationshipexists

between the chemical fractionationresultsand in-serviceperformance.

2. A certain percentage of asphaltenes is necessary to ensure that an asphalt performs

well on the road. Too high a percentage of asphaltenesleads to crackingand too low

a percentage causes setting problems.
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Table 4.3 Asphaltene contents ductility measurements, extended TFOT residues,
and road performance assessments of four 150/200 pen original
asphalts for South Africa (Hattingh 1984)

Asphalt A Asphalt B Asphalt C Asphalt D

ETFOT ETFOT ETFOT ETFOT

Orig. 325 h Orig. 325 h Orig. 32h h Orig. 325 h

Ductility(mm) +1400 +1400 +1400 +1400 +1400 65 +1400 870

Performance Bad - Bad Good - Good -

Asphaltenes 13.7 24.0 15.3 26.3 20.7 32.0 17.9 26.9(1)

Increase in

Asphaltenes - 10.3 - 11.0 - 11.3 - 9.0
after ETFOT

i

I
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Figure 4.11 Molecular mass profiles of four 150/200 pen whole asphalts for South
Africa (Hattingh 1984)
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3. Asphaltene content alone does not provide sufficient data for the evaluation of the

quality of an asphalt; it must be used in conjunction with the molecular mass

distribution, i.e., the size and amount of the large molecular size material present, to give

an indication of the road performance that can be expected from a particular asphalt.

4. Ductility measurements carried out on unweathered and artificially weathered asphalts

seemed to differentiate between asphalts giving a satisfactory or unsatisfactory

performance on the road.

4.10 PLUMMER AND ZlMMERMAN

Description

A study to determine if molecular size distribution and/or hardness results correlated with

observed pavement cracking in Michigan and Indiana was reported by Plummer and Zimmerman

(1984). Eleven roads were studied in Michigan and eight Indiana roads were studied. The age

range of the cracked Michigan roads was six to twenty years and the range for uncracked Michigan

roads was nine to twenty-two years. The age of both the cracked and uncracked Indiana roads

ranged from one to five years. Tables B.31 and B.32 provide construction information on the roads

studied.

Results

Tables 4.4 and 4.5 provide results of penetration and high performance liquid chromatography

(HPLC) data for each set of roads. Larger asphalt MMSF values (ie. larger mean molecular sizes)

were obtained from cracked roads than from uncracked roads. However, the MMSF value

differentiating cracked from uncracked roads varied between Michigan and Indiana. The authors

concluded that the difference is in agreement with the fact that harder asphalts are usually used for

more southern locations.

Conclusions

Based on the HPLC results, the authors concluded that the observed cracking in both states

was related to asphalts with lower penetration (average of 61 vs. 48 for Michigan) and higher asphalt

mean molecular size (approximately 1 percent increase).

These conclusions are statistically supported at the 95 percent confidence level. The authors

stated that the asphalts supplied to the Michigan roads which eventually cracked also might have

had lower penetration and higher mean molecular size than those supplied to the roads which did

not crack. However, this conclusion is statistically supported at only a 76 percent confidence level.
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Table 4.4 High performance liquid chromatography (HPLC) results for asphalts
extracted from Michigan roads (Plummer& Zimmerman 1984)

Asphalt Data

Sample Road Data Penetratlon(1) Asphalt t4PLCResults(2)
No. No. .County Year Supplied " Roa_ _ " D_ DI/D_ MHSF

Roads Exhibitln_ No Significant Crackln_

] US-31 Muskegon 1963 66 53 30.1 22.3 1.35 228.0

2 1-96 Ottawa 1961 64 46 27.5 20.2 1.36 231.0

8 State 52 Ingham 1972 97 75 29.6 21.6 1.37 Z3O.O

9 State 52 Ingham 1972 85 62 28.8 20.9 1.38 230.2

10 State 52 lngham 1972 93 6B 2B.8 21.4 1.35 230.3

Average 83 6Z 29.0 Zl.3 1.36 229.9

Roads [xhlbtttn_ Crackln_

3 US-2/ Clare 1961 66 46 28.5 20.6 1.39 231.2

4 US-27 Clare 1961 64 43 28.2 20.7 1.36 230.8

5 US-27 Clare 1961 66 47 28.7 20.7 1,39 230.7

6 US-2/ Roscomon 1961 93 66 29.3 21.6 1.35 231.3

6A U5-273 Roscomon 1976 64 43 30.6 21.6 [.42 231.3

7 US-27 Roscomon 1961 64 43 28.8 21.3 1.35 231.3

Average 70 48 "29.0 21.I 1.38 231.I

Confidence Level On Crackln_ Predlctlons 76% 95% None 31% 66% 96%

Comments

P'_-P_nenet_atlons(77°F) were measured during road construction.

2_94SF= mean molecular size factor. D I and Ds are, respectively, the lognormal Gausslan standard deviations for

molecular slzes larger and smaller than the MMSF.

3Road 6A Is an overlay on road 6.
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Table 4.5 High performance liquid chromatography (HPLC) results for asphalts
extracted from Indiana roads (Plummer & Zimmerman 1984)

Sample Road Data Asphalt IIPLC Results I

No. No County Year D,I _ D|/Ds I_SF

Roads Exhibiting No Significant Crack|n_

l 1-64 Crawford 1976 27.9 22.2 1.26 233.7

2 1-64 Crawford 1976 30.1 23.8 1.27 236.0

3 State 37 Perry 1979 29.9 23.2 1.29 234.0

4 State 31 Perry 1979 30.7 23.7 [.29 234.9

Average 29.6 23.2 1.28 234.6

Roads Exhibiting Crackin_

5 1-64 Crawford 1976 33.7 26.4 1.28 238.5

6 State 37 ilamllton 1980 31.3 24.6 1.27 23l.I

7 State 37 Perry 1979 33.1 25.6 1.29 237.3

B state 37 Perry 1980 30.6 24.1 1.27 234.7

Average 32.2 25.2 1.28 236.9

Confidence Level On Cracking Predictions 94% 96% None 93%

Comments

IMMSF = mean molecular size factor. D1 and D s are, respectively, the lognormal

Gausslan standard devlatlons for molecular slzes larger and smaller than the MMSF.
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It is alsopossiblethat the decreased penetrationand increasedmean molecularsizein asphaltsfrom

cracked Michigan roads could have occurred from severe mix plant operations or use of different

aggregate types. In Indiana, only the asphalt supplied prior to mixing with the aggregate was

sampled. The penetration measurements obtained on the supplied asphalts did not show any

significantvariationbetween cracked and uncrackedroads.

4.11 PENNSYLVANIA(1961-62)

Description

Pennsylvaniaconstructed experimentaltest roads in 1961 and 1962 in order to evaluate the

durabilityof asphalt surfacesconstructed with various asphalt cements (Kandhal 1976, Kandhal &

Koehler1984).

In October 1961, two test pavementswere constructedin Lycomingand Beaver counties;and

in June 1962, two were constructed in Washington and Lebanon counties. These four test

pavementswere asphalticconcreteoverlays,consistingof 2-inch binder and 1-inchwearing course,

placed on 9-inch portlandcement concrete pavements. Each wearingsurface containeda different

type of asphalt. Slab aggregate was used in Beaverand Washingtoncounties,whereas limestone

aggregate was used in Lycomingand Lebanoncounties. All mixtureswere designed accordingto

the Marshall method. The construction methods used on the four jobs were basically similar.

Average daily trafficvaried from a low of 2850 in Washingtoncounty to a high of 6600 in Lycoming

county.

Results

Asphaltproperties for the 1961-1962 test pavements are summarized on Table B.33. Since

construction of the test pavements, periodical core samples were obtained to determine the

percentage of air voids inthe pavementsand the rheologicalpropertiesof the aged asphalts. When

constructed in October 1961 and June 1962 and visuallyinspectedduring November 1963, all four

test pavementsappeared satisfactory.Visual evaluationincludedridingquality,lossof fines, raveling,

and cracking. Pavementconditionsurveyswere conductedannuallythereafter. The rankingorders

of pavement performance after 10 years service, percentage of air voids, penetration at 77°F,

viscosityat 140°F, and ductility at 60°F, are given in Table 4.6. Pavements in Beaver, Lycoming,

Washington, and Lebanon counties are numbered 1, 2, 3, and 4, respectively.
!
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Table 4.6 Ranking orders at Pennsylvania(1961-1962 pavements) (Kandhal 1976)

Pavement Pavement Penetration Viscosity Ductility
Performance Air Voids at 770F at 1400F at 60°F, 5 cm/min

3 (poorest) 3 (highest) 3 (lowest) 3 (highest) 3 (lowest)

2 4 4 2 2

I 1 2 I I

4 (best) 2 (lowest) I (highest) 4 (lowest) 4 (highest)
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Conclusions

The authors suggested that the asphalt ductility value obtained at 60°F is a good indicator of

pavement performance. In addition, it was found that the viscosity also related to performance;

however, the authors cautioned that later studies did not always confirm this relationship. It was

noted that the pavement condition was satisfactory when ductility at 60°F was maintained above 10

cm. However, load-associated cracking began to develop when the ductility value fell in the

approximate range of 3 to 5 cm.

4.12 SISKO AND BRUNSTRUM

Description

Viscoelasticpropertiesof twelveasphalt cement samplesused in road constructionfor a number

of different states were measured to try to relate to observed pavement performance (Sisko and

Brunstrum1968 & 1969). Pavementswere observed after 11 years service with the exception of

Illinoiswhich was observed after 3 years. The roads chosen were from a survey of pavements

constructedin 1954 and 1955 by the Bureau of PublicRoads.

Properties of the asphalts unaged and after TFOT are shown inTable B.34. The asphalts were

70-80 and 85-1O0penetrationgraded and representeda variety of crude and manufacturingsources.

Table B.35 gives physical properties of recovered asphalts extracted from the roads. Table B.36

providesinformationrelativeto the compositionof the asphaltas determinedby a combinedsolubility

and chromatographicprocedure. A summary of the road evaluationsis presented in Table B.37.

Results

A Weissenberg rheogoniometer,modified to improvetemperature controland accuracy of strain

measurements,was used to measureviscoelasticpropertieson retainedunaged and aged asphalts

after 11 years service and on residues from the TFOT. The frequency of stress applicationranged

from 4 X 10-7 to 10z cycles/second,and the test temperaturerange from 0 to 80°F. Measurements

at various frequencies and temperatures were reduced to master curves at a 20°F reference

temperatureand 10"s cycles per second frequency (Sisko and Brunstrum1969). The relationship

of complex modulus and pavementperformance is shown on Table 4.7.

Conclusions

Conclusions from the study that concern the relationshipof asphalt cement properties to
pavement performance follow:
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1. Large increases, induced by aging, in the hardness of the asphalt binder (as by

complex modulus) are associated with road-cracking.

2. The large differences in viscoelastic properties that can develop during road-aging are

accumulated ESAL's, fractured faces, air voids, VMA, due partly to intrinsic differences

in aging resistance and partly to external factors.

3. The age-hardening of asphalts in the road does not correlate directly with the amount

the asphalts hardened in the TFOT.

4.13 SASKATCHEWAN (Rutting)

Description

This study was an attempt to associate pavement rutting to mixture properties on highway

segments in Saskatchewan (Huber & Heinman 1987). The type of rutting investigatedwas plastic

deformationof the asphalt concrete layers. Structuraldesign of the pavementwas not addressed.

Field sites chosen for evaluation included both good and poor performing sections, sections with

fast and slow moving traffic, sections with varying asphalt cement consistency,and both old and

recentlyconstructed sections. A list of sites chosen is shownin Table B.38.

A testing program was performed to characterize the asphalt concrete mixtures in various

stages. A summary of the tests used is shown in Table B.39. It should be noted that the only

asphalt cement propertiesmeasured in this studywere recoveredpenetrationand viscosity. These

data are shown, alongwith additionaldata obtainedduring field sampling, in Table B.40. The study

concentrated more heavily on the influence of asphalt mixture properties as opposed to asphalt

cement properties.

Mix design information was obtained from historicalrecords and using construction records.

Post-constructionwas defined as the conditionof the material immediatelyafter construction. Since

actual post-constructioninformationavailablefromthe field qualitycontroltestinglackedcoincidence

betweentest locationsand studysites,coreswere obtainedbetween thewheelpathsto identifypost-

constructionparameters.

The present condition of the asphalt materials was defined as the condition at the time of

testing. Cores were obtained in the outerwheelpath to identifythese properties.
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Results.

A regression analysiswas performed to identify if any of the laboratory measured properties

correlated to rutting performance. Two methodsquantifying ruttingperformance were used. The

firstwas rutdepth expressed in millimeters;the second was ruttingrate expressed as millimetersper

millionequivalentaxle passes. Each of these performancemeasureswas correlatedto both the post

constructionconditionand the present condition. The individualparameters regressedto rutting

performance include accumulated ESAL's,fractured faces, air voids,VMA, Hveem stability,Marshall

stability,asphalt content, asphalt penetration and viscosity,percent voids filled and Marshall flow.

A summary showing the results is shownin Table 4.8.

Rut depth was not found to correlatewellwithany of the asphaltor mixture properties. The rate

of ruttingwas found to correlate well to air voids,voids filled,asphalt content and Hveem stability.

Marshall stability,flow, penetrationand viscosityof the asphaltshowed littlecorrelationwith rutting.

A threshold analysiswas also performedfor post-constructiondata which indicated a significant

correlationin the regression analysis;namelyair voids,VMA, asphalt content,voids filled, fractured

faces, Marshallstabilityand Hveem stability. Penetrationand viscositywere not included due to the

poor relationshipsfound during regressionanalysis. Resultsare presentedin Table 4.9. The results

indicated that air voids and voids filled (which is a function of air voids) appear to be the most

dominant parameter in defining ruttingperformance.

Conclusions

Among the conclusionsgained from this study are the following:

1. Asphalt content and voids filled are the most basic parameters which affect rutting.

Voids filled includes the effectsof both air voids and voids in the mineral aggregate.

2. Marshallstabilityand flow do not show any independent effecton ruttingperformance.

3. Penetrationand viscosityof the asphaltdo not demonstratea significanteffecton rutting

rate.

4. Mature pavementsbegin to exhibitplasticdeformationwhen the air voidsand the voids

filled exceed the identified thresholdvalues.

4.14 CALIFORNIA

Description

The California Transportation Laboratory performed an asphalt durability study involvingthe

weatheringof carefullycontrolledand fabricatedbriquettesin 4 different field environmentsinthe late
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Table 4.8 SummanJ of regression analysis using average parameter data for
Saskatchewanruttingstudy (Huber & Heiman 1987)

POST-CONSTRUCTION PRESENT CONOIT1OH

RUTTING RATE_ RUTTING RATE,

RUT {_PTH, mm mm/lO6 ESAL RUT CEPTH, mr, mm/lO6 ESAL

CORRELATION PROBA- CORRELATION PROBA- C_ELATION PROBA- CORRELATION PROBA-

PAqANE'TER r2 BILITY r2 BILITY r2 BILITY r2 BILITY

Accumulated ESAL' s 0.099 O.4101 - - O.099 0.410 -

AC Content O. ],34 0.332 0.673 0.CO7 0.082 0.456 0,6_7 0.007

Fracture 0.269 O. 153 0.229 0.193 O. 074 0.516 O. 004 0.881

Air Voids 0.221 0.202 0.483 0.038 0.182 0.252 0.2}4 0.187

Voi0s In the Mineral

_Jgregate 0.111 0.379 0.124 0.352 0.001 0.927 0.262 0.159

Hveem Stability 0.211 O. 213 0.490 0.037 0.279 O. 144 0.489 0.036

Marshall Stability O.III O.380 0.056 O.540 O.019 O.723 O.227 O.194

Penetrat ion - - - O.00_ O.879 O.187 O.245

Viscosity - - 0.042 0.599 0.082 0.456

Vnids Filled - - 0.530 0.026 0.211 0.213 0.282 0.141

Flo, - 0.027 0.301 ....

1 . Probability that the parameter does not effect on the rutting performance, eg, 0.410 means 41% chance exists
that accumulated ESAL's does not effect rut depth.
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Table 4.9 Threshold analysis results for Saskatchewan
rutting study (Huber & Heinman 1987)

I THRESHOLD I
PARAHETER VALUE

Air Voids* 4% minimum

Voids in the MineralAggregate 13.5% minimum

Asphalt Content 5.1% maximum

Voids Filled 70% maximum

Fractured Faces 60% minimum

Marshall Stability ---

Hveem Stability 37% minimum

*Note: Authors report this as a minimum rather than a maximum.
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1970's (Kemp & Predoehl 1981). The purpose of the study was to compare the effects of different

field environmentson asphaltsin briquettesto the effects produced on the same asphaltsby various

laboratory accelerated weathering procedures. In addition, asphalt test road in Calipatria was

studied. The Calipatriatest road used a studyasphalt from the desert weatheringsite in Indio. The

briquettes were aged and tested at 1, 2 and 4 years of age. The Abson recovery procedure

(AASHTOT170) was used and the asphaltstested for penetration,viscosityand shear susceptibility.

Not all the results from these tests have been included as only the desert site had corresponding

field data. The asphalts used came from KernValley,LA Basin and Santa Maria. Four weathering

sites with distinctive climates that represented major portions of California were selected for the

briquettes. The Mountain climate was represented by South Lake Tahoe, Valley by Sacramento,

Coastal by Ft. Bragg and Desert by Indio.

In November 1977, thick AC overlays (0.20 feet and 0.35 feet) were placed over a road at

Calipatria,which is south of Indio. The LA Basin asphaltwas used in the paving,and samples of

the asphalt and mix were obtainedduring paving. In addition,cores were taken 2 years later. The

test resultsof the asphalts recoveredfrom these coreswere then comparedto the 2-year Indiotest

resultsto verifythe authenticityof the fieldweatheringprocedureused inthe durabilitystudy. Tables

4.10 and 4.11 show the resultsfor the test sectionas well as on the briquettes. Note that only the

top 2 inches of the cores were used to recover the asphalts so as to minimizethe effects of

underlyinglayers and the tack coat.

Results (Reported by Caltrans)

Since Indio and Calipatria have approximatelythe same climate, a comparison of rate of

hardening results for the Indio briquette and Calipatria overlay was accomplished. Table 4.12

contains a comparisonof the road resultswith24-month Indio results. It can be seen that there is

a fairly good correlationbetween the results. The average resultsfrom Californiaare slightlysofter,

indicatingthat the briquette weathering is slightlymore severe than that of an actual overlay. The

data suggeststhat 24 months of briquetteweatheringtime would approximatelyrepresent32 months

of road weathering time. The authors believe that while this correlationis only for the LA Basin

asphalt, the other asphalts would also behave similarly.

In addition to the above, several laboratory procedures for predicting asphalt handling were

studied. Compositional tests included the Rostler fingerprinting procedure (to obtain the Rostler

ratio), the Heithaus method to obtain the state of peptization and vanadium content determination.

Accelerated weathering procedures included the (1) Rolling Thin Film Durability Test (5 hours at

325°F), (2) Rolling MicrofilmCirculating Oven DurabilityTest (RMF-C at 210°F for 48 hours), (3)
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Table 4.10 Original asphalt test resultsfor Calipatriatest section (sampled 11-30-
77) (Kemp & Predoehl1981)

Asphalt Source L.A. Basin Section Section Section Section
Grade AR4OO0 S 4 6 7

Tests on Original Asphalt AASIITO R4940 R4941 R4942 R4943
D.esignation

Penetration at 77F (25C) (O.Imm) T 49 52 52 53 53
at 39.2F (4C)(O._ram) T 49 _2 12 tl 11

Penetration Ratio 39.2FPen. x lO0 23.1 23.1 20.8 20.877F Pen

F1a._h Point C.O.C. (°F) T 48 545 535 535 540
SoFtenin 9 Poillt (°F) T 53 123 123 124 124
Solubilityin Trichloroethylene(%) T 44 99.98 99.99 99.99 99.99
Spot Test (heptane-Xylene Equivalent) TI02 20-30 20-30 20-30 20-30
Specific Gravity at 77F T220 I.D199 1.0205 1.0201 1.0206

at 60F T228 1.0259 1.0255 1.0261 1.0267

Absolute Viscosity at 140F(60C)(Poise) T202 21G6 2089 2056 2091
Thin Film Loss (325F,5hr.)(% Loss) T179 0.117 0.13 0.128 O.ll6

Rolling Thin Film Test (325F,85min) T240
Tests on RTF Residue

Absolute Viscosity at 140F(60C)(poise) T202 4375 4166 4164 4220
Kinematic Viscosity at 275F(135C) cSt T201 363 348 363 383
Penetration at 77F(25C)(O.Imnl) T 49 34 34 33 32
% original penetration at 77F. T 49 65.4 65.4 62.3 60.4
Ductility at 77F, 4cm/min. (cm) T 51 100+ lO0+ 100�I00+

at 39.2F, I cm/min. (cm) T 51 0.25 0.25 0.25 O.S

Section Section Section Section

Tests on AC llix Samp.)es front Road 4 S 6 7

Penetration at 77F (25C) (O.lmm) T 49 28 29 28 26
Softening Point, (=F) T 53 136 137 136 137
Ductility at 77°F (25C)Scm/min. (cm) T 51 I00+ lO0+ 100+ 100+
Absolute Viscosity at 140°F(60C)(poise)T202 5926 6097 5280 5872
Kinematic Viscosity at 275°F(135C)(cSt)T201 453 465 468 468
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Table 4.11 Comparison of original propertiesof L.A. Basinasphalt used in durability
study and L.A. Basin asphalt from Calipatria test section (Kemp &
Predoehl 1981)

(Average Results)

AASHTO Durability Calipatria

Common Tests Hethod Stud_ Test Section

Test on Origlnal Aspha!t

Penetration at 77F (25C)(O.lmm) T 49 58 53
Flash Point, COC (°F) T 48 525 539
Solubility in Trichloroethylene (%) T 44 99.96 99.99
Specific Gravity (77F/77F) T228 1.019 1.0203
Absolute Viscosity at 14OF(6OC)(poise)T202 1816 2100

Rolllng Thin Film Procedure T240
Tests on RTFC Residue

Absolute Viscosity at 14OF(6OC)(poise)T202 3509 4231
Kinematic Viscosity at 275F(135C)(cSt)T201 339 364
Penetration at 77F (25C)(O.Imm) T 49 41 33
% Original Penetration at 77F (%) T 49 71 63
Ductility at 77F (25C)(bcm/min)(cm) T 51 150+ lO0Test on Residue from "California

Tilt-oven Durability Test."

Absolute Viscosity at 14O°F(60°C)
(Kilopoise) T202 50.2 56.6

Kinematic Viscosity 275°F(135C)(cSt) T2Ol 1038 I044
Penetration at 77°F(25°C)(O.lmm) T 49 ll l0
Ductility at 77°F(25C)bcm/min.(cm) T 51 12 12
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Table 4.12 Averageresultsfrom coresof Calipatriatest sections (Kemp& Predoehl
1981)

Tesl SileCalinatria
AASIITO Tesl Metl_od Cohlornln rest Method No.

We01hering Asph01l SAMPLE ' M_cro-"

Period S0ulce No Pen. ol S.R O_¢hlity i.VtlCosdy, <men',_llc M*cro-Vlscoslly {mIKlopotle) _*_rV,%_r_i_ I oIO.05SIC-tl OlO'OOtsec-t SusCIO- O_./(_llhty
77°F o F. ot 7"t°F of 140°F of 215°] _ Ifbthly ol 77_t "

(M0nlhs) (O.I turn) (cm) [Kilopoise) (CST) Sheor role _ Sheor tore (Slope) (ram)
ABSO,N RECOVEREDAASHTOT 170 T49 T .55 T51 T 202 T 2OT-- :3B 34R 349
26 LA Basin 80260 12 148 96 31.5 974 59.8 IOB.O .15 16

2G LA _a_L.LFL802GI II I,I0 55 31.4 890 79.5 124.0 .ll 0
2G LA i_asi,l 802621 11 146 30 39.7 1006 120.0 163.0 .OB 4

26 LA l_asin ,_0263 13 145 82 29.9 926 64.5 107.0 .13 16

26 LA Basin _30264 13 147 95 21).6 35Z 16.9 103.0 .08 11

26 LA t}asin 802651 11 149 68 34.8 936 103.0 166.0 .12 4

26 LA i_asin 802664 I0 }50 31 39.1 1075 11,9.(I 177.0 .IO 0|

AVERAGE 12 14;1 65 33.6 952 J ._8.7 135.0 .11 7

* 21_Mo.l)rlq.AVO.t'rom Chart3 II 39 I 120

*For Indio location.
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Ottawa sand mix weathering in planetary oven at 140°F for 400-800 hours, (4) weathering plate

durability test (24 hours at 210°F), and (5) Actinic Light Weathering Test (95OF, 18 hours, 100

Mw/cmz of actinic radiation).

After completing the testing of the 2 year old briquettes, it was apparent that none of the

procedures above adequately predicted the effect of asphalt weathering. Therefore, a new

procedure, the CaliforniaTilt-OvenAsphaltDurabilityTest was developed. The resultsindicatedthat

this test predictedthe change in asphalt propertiesoccurringduring the 24 month test period at

Indio West. This is particularlytrue for the penetrationresults. It appears that the CaliforniaTilt-

Oven procedure can be used successfullyto controlasphalt hardening in areas where thermal

hardening is the mostsignificantweatheringfactor (i.e. hightemperature areas).

Conclusions

The followingconclusionswere determined from this study:

1. High averageair temperature(thermaloxidation)is the mostsignificantfactor affecting

rate and amount of asphalt hardening in hot climates. Voids and aggregate porosity

are also contributing factors but depend on the susceptibilityof the asphalt to these

factors.

2. The Californiatest road indicatesthat briquetteweatheringper unittime is slightlymore

severe than actual road climate in the Indio climate. Twenty four months of briquette

weatheringis approximatelyequal to 32 monthsof road weathering.

3. The CaliforniaTilt-OvenAsphaltDurabilityTest can be used to predict asphalt hardening

caused in 2 years at the Indio site and it can be used to controlasphalt hardening in

a hot climate.

4. in additionto an improvedasphalt from a durabilityprocedure,the authors believe that

the followingwillimproveasphalt durability:a) Reduce voids,b) Select asphaltssuited

to qualityof aggregate, c) Avoidabsorbentaggregates in hot areas, and d) use softest

grade of asphalt consistentwith curing and stabilityconstraints.

4.15 WASHINGTON

Description

Four projects on Interstate 90 in eastern Washington where asphalt concrete was"used as base,

leveling and surface course were studied and reported by LeClerc and Walter (1976). The projects
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studied were such that sectionsof good and poor performingpavements of similar constructionand

traffic levelswere located adjacent to each other.

Project numbers 8101 and 8200 both consisted of a surface and leveling course with a

combinedthicknessof 0.35 feet of asphaltconcrete (5/8 inch minus aggregate), 0.45 feet of asphalt

concrete base (1-1/4 inch minus aggregate) and 0.25 feet of crushed aggregate over a rivergravel

embankment subgrade. The trafficcounts for these projects showed an ADT of 10,700 with 15

percent trucks. Projectnumbers 8086 and 8138 both consistedof the same pavement sectionsas

the other two projects but the subgrade was fragmented rock. The climate conditions for all four

projects were rathersevere with less than 11 inchesof annual rainfall and a temperature range of -

7°F to 101°F.

Results

After 5 to 6 years of service, one pavement developed extensive wheel path cracking, two

pavement developed slightcracking,and one pavement showed no cracking.

Void contents and extraction and recovery tests were made on each of the three layers.

Penetration at 77°F and ductilityat 45°F and 1 cm/min, were determinedon the recovered asphalt.

The pavements were rated accordingto the Washington method (LeClerc & Marshall 1969) which

combines ride and distress. Pavement ratings and recovered asphalt data are presented in

Table 4.13. The pavement that was rated lowest,project 8086, had extensive longitudinalcracking

in the wheelpaths and some transversecracking. Two of the pavements, project 8101 and project

8200) had some wheelpath cracking. In all cases, the wheelpath cracking penetrated only the

wearing and levelingcourse but not the base course, leading the authors to believe that failure was

inthe asphalt concrete, not the base. Project8138, showed no distress. The asphalt in this project

had relativelyhigh retained penetrationvalues and high relativeductility compared with the three

sectionsexhibitingdistress.

Conclusions

The authors concluded that penetration measurements alone could not identify asphalt

propertiesrelated to pavementperformance. They found, however, that a modified ductilitytest of

45OF,where a release agent was appliedto the first inner surfaces of the mold end pieces, showed

some promise in identifyingasphalts which were related to in-serviceperformance.
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4.16 LOUISIANA

Description

This study was conducted in an attempt to provide comparisons between viscosity-gradedand

penetration-gradedasphalt cements. In particular,the aging characteristicsof these asphalt and

associatedrelationsto pavementdurabilitywerestudied (Shah 1978). Towardsthe end of 1970, test

sections were constructedon a 5-milestretch of portland cementconcrete pavement on LA-1 near

Baton Rouge.

The test sections were constructed using different asphalt crudes (Hawk, Mexico,Arabian, Light

Arkansasand Smackover). Each source provided a penetration-gradedasphalt cement (60 to 70

pen) and a viscosity-gradedasphalt cement. The viscosity-graded cements were controlled for

consistencyby absolute viscosityat 60°C (140°F). These grades were specificallyprepared by the

suppliersfor this study. Figure 4.12 showsthe layout of the varioustest sections.

Samples from the test sections were taken at 1 day, 36 days, 110 days, 1, 3 and 5 years after

constructionto evaluate aging characteristics. To control additional hardening of asphalt cements

in the mix after sampling, the samples were stored in deep freeze until ready for extraction. The

Asphalt Institute Laboratory in Maryland conducted the extraction, recovery and testing of the

recoveredasphalts. Pavement performancewas also evaluated in terms of ride quality (Mays road

meter), rutting, block and alligator cracking and ravelling after 60 months of service. Table 4.14

summarizes these results. A scale of 0 to 3 was used with 0 being poor performance and 3

indicatingthe absence of any defects defined in this study. Trafficvolume has remained stable at

an ADT of 3100.

Results

The change in the penetrationpropertiesappears to fit a hyperbolic functionwith time as shown

in Figure 4.13. Those sectionswith relativelylowasphalt viscosity,such as sections 9 and 10, show

less pavement distress. However, an argument against softer asphalts is the early manifestationof

rutting, and this is clearlyshown in Table 4.14 where these two sections have slightlydeeper ruts

than the remainingsections. However, it should be kept in mind that the differences in rut depths

are in the order of 1 to 3 mm and section 1 with a viscositycomparableto an average for all ten test

sections had the highest amount of rutting.

Figure 4.13 indicates that for both types of asphalts, there is a rapid rate of hardening during

the first 12 months and a decreasing rate thereafter. The rate of hardening with time is not
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SECTION NO. 1 2 3 4 5 6 7 8 9 i I0

ASPlIALTSOURCE: A A B B C C D O A I B

ASPIIALTCRUDE IIAWK IIAWK NEX MEX LIGIIT SMACK HAWK, IIAWK, HAWK MEX
ARK OVER ARAB ARAB

ASPHALT GRADE PEN I VISC PER VISC PEN VISC PEN VISC VISC , VISC

Figure 4.12 Layoutand identificationof pavement sectionsfor Louisiana(Shah 1978)

Table 4.14 Pavement conditionratingfor Louisiana(Shah 1978)

Section

Criterion I 2 3 4 5 6 7 8 0 i0

Riding 1.31 1.53 1.63 1.67 l.B0 1.78 2.01 1.93 1.89 2.06
Raveling 2.08 1.52 1.79 1.81 2.21 1.62 2.03 2.21 2.28 2.51
Loss of matrix 1.95 1.41 1.70 1.76 2.09 1.G4 2.12 2.34 2.37 2.47

Cracking
Block and alligator 1.52 2.36 2.30 2.03 2.27 2.16 2.10 2.06 2.48 2.52
Transverse and 1.51 1.98 1.93 1.67 1.91 1.95 1.95 2.04 2.18 2.45

lonf4itt, dinal
Overall subjective 1.67 1.76 1.87 1.79 2.06 1.83 2.04 2.12 2.24 2.40

rating
Rutting, mm 7.I 4.4 4.1 3.4 4.G 3.8 4.5 4.6 5.3 6.5
Mays roughness, 144 131 123 123 111 108 96 85 125 85

in/mile

D_nnflect deflection, 1.64 1.40 1.35 1.27 1.33 0.95 1.03 0.89 0.91 1.32/,,_o i.
Block and nlli_alor 42.75 9.22 0.30 3.33 20.25 13.91 3.70 5.98 0.08 0.00

crnckinl:, ft_/100O fl 2

Nr)I.: | mm ": 0.039 in.
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consistent although the rate for viscosity-graded asphalts is slower than for penetration-graded

asphalts. Figure 4.14 shows a plot of the aging index and section 3 had a 13-fold increase in

viscosityafter 60 months. This sectionalso had the highest originaland thin-filmresidueviscosity.

However,this sectiondid not havethe highest amount of cracking, in fact it had less crackingthan

eight of the ten sections. The slopes of these curves can be used as indicators of the relative

durability of these asphalts, with the flatter slopes implying a more durable asphalt.

Accordingly,basedon 60-month date, all viscosity-gradedasphalts would be classified as more

durablethan correspondingpenetration-gradedasphalts. Sections 9 and 10, which have the flattest

slope, are thereforethe most durable asphalts, and section3 the least durable but not the poorest

performing.

The ductilityvalues typically provide some measure of asphalt. However, the data collected

indicate inconsistenciesin the rate of change in this property. A close associationbetween ductility

values and shear index was observed: in several, asphalts with shear indices less than 0.40 had

ductilitiesgreater than 100 cm (39 inches). It is generally recognizedthat the degree of initial and

final compaction or void content or both in the pavementhas an effect on the rate of hardeningof

asphalts. Morespecifically,the higher the initialvoid content is, the greater the rate of hardening.

However, the data were too scattered to indicate any associationof hardening rate with air void

content in pavement. This disassociationshould not be construedto mean that the magnitude of

air void content does not affect the hardening rate of asphalt binder. What it does indicate is the

fact that the air voidvariabilityin pavementis so pronouncedthat it overshadowsthe resultingeffect

on the hardening process.

Conclusions

The primary intent of the study reported here was to make a comparative evaluation of the

durabilityand performance of penetration-and viscosity-gradedasphalt cements by means of field

evaluationof asphaltic concrete mixtures. The principalfindings summarized below are applicable

withinthe constraintsof the environment,materials,construction,and traffic that existed at the test
site:

1. Hardening of asphalt cements, regardless of how they are graded, is a hyperbolic

function of time althoughthe rate or curvature may vary with specific asphalts.

2. For a givenasphaltsource,the difference indurabilitybetweenthe two types of asphalts

was not significant. Likewise,no significantdifferencewas evident in theirperformance
in the field.
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3. Viscosity-graded asphalts were more susceptible to temperature than corresponding

penetration-graded asphalts, but there was no correlation between this characteristic and

pavement distress.

4. There was no association between voids in the pavement and rate of hardening.

4.17 QUEBEC

Description

In 1980, data were collected from test road sections in Quebec, Canada to evaluate the effects

of materials and in-situ conditions on pavement performance (Keyser & Ruth 1984). A total of 23

test sections were used and the majority had been in service for 7 to 9 years under medium traffic

conditions. Freezing index values ranged between 1500 to 3000 degree-days. Typical cross-

sections contained 3 to 5.5 inches of asphalt concrete, 6-12 inches of base, 8-12 inches of subbase

and 12-24 inches of clean sand as a frost protection layer.

In-situ measurements of rutting, cracking, deflection and ride quality were taken, together with

core samples to determine the properties of the recovered asphalts as well as mix properties.

Penetration and viscosity data for the original bitumen were also included. Environmental conditions

were noted. A series of statistical methods were then used to determine which variable had a high

degree of interaction and to what degree of significance the variables were related to a specific

material, performance or response parameter.

Results

Regression relationships were developed between the 3 consistency measurements (viscosity,

penetration and softening point). In general, there were fair to poor correlations with single variable

correlations. Multiple variable correlations provided reasonably good correlations as shown in

Table 4.15.

Other relationships were developed between asphalt consistency and mix parameters. In

particular, it was found that air voids affected consistency values, and that both parameters

influenced the tensile strength of the core.

Analysis of the transverse cracking data resulted in some representative equations (Table 4.15).

Equations 20 to 22 have extremely low correlation coefficients, but suggest that penetration, traffic,

and air voids affect the degree of pavement cracking. Figure 4.15 shows that the data should be

segregated according to traffic levels. Figure 4.16 illustrates the effects of penetration, asphalt
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Table4.15 RelationshipsfortransversecrackingforQuebec(Keyser& Ruth1984)

Eqn. Std.
No. RegresSion Equations for Different ParameLers a Error Rz

5$ngle Variable Correlations:

3.3

20 TC • 25.326 + 0.396(_-_) 37.8 0.31!

21 TC - -131.251 + 247.84(TRA) "0.3 33.8 0.449

22 TC • 4.8471 + 10.035 (VV) 40.4 0.213

3.3

23 TC - 5.15 + 0.235(i_) 0.933

(Light to medium traffic, Levels 6 to 3)
1.206

24 TC • 21.5811_) 0.855

(Med!um to heavy traffic, Levels 3 Lo I)

Mu]tlple Variable CorrelaLtons

l?n 3.3
25 TC - -129.37 + 0.323(p[N ) + 218.57(TRA) "0"3 27.6 0.650

26 TC - -239.91 + 0.321(_1_) 3"3 + 407.54(1RA) -0.3

[7.05 THICK

(TRA).O. 3 27.2 0.679

27 TC - -97.619 �0.0682(V15)+ 263.96(TRA)"0-3- O.OZ28(FI)

- 0.0426 (THICK)(IT$) 27.9 0.6B2

Nnle: |_e*entedInthl, fablearemalhematicalmnclels(levelnpedhystall,Ileal regressionanalysesto de.
finethe relathm_htpsbetween(Ill,rent pmrametersand Irln_erse cracking°
alC = Intal _imple.mldtiple,and transversecracks:PEN= penetratl_n_ 25eC;TItA = Ir*ffi¢ (I =heavy.
6 _ lighl); I I lICK = thicknes_of asphaltconcretep|vement(in.); FI =_eczin[ index _ days);ITS = in-
directtensilestrengthat O_C,
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concrete thicknessand traffic on transverse cracking. From this figure, it can be seen that 3 inches

of asphalt concrete with a pen of 50-60 is essentially equivalent to 6 inches of asphalt concrete with

a 25 pen binder. The addition of other variables such as viscosity, traffic, freezing index, thickness,

and indirect tensile strength parameter did not indicate any improvement over those equations

containing only penetration. Equation 27 defines the best multiple variable correlation obtained using

the viscosity. This equation indicates that cracking increases with viscosity and traffic, decreases

with an increase in freezing index and decreases with increasing thickness and tensile strength.

Two models were selected for evaluation and use in the predictionof transverse cracking and

cracking temperatures. Both the Haas model and the Asphalt Institute procedure showed no

correlation between the number of transverse cracking and the predicted differential cracking

temperature. The poor resultsmay be due to insufficientrange in the data or other reasons. Ride

quality was alsomeasured and regressionanalysesdevelopedwith freezing index,transversecracks

and othersubsurfacevariablesas independentvariables. Attemptsto develop rationalrelationships

between rut depth and the available data were unsuccessful. This could be partly due to the

insufficientrange in rut depth values, as only 5 of the 23 test sectionsexhibited rutting in excess of

0.5 inches.

Conclusions

The results of analyses performed on data collected from 23 test road sections in the Province

of Quebec, Canada, provided information on the effects that certain parameters have on the

propertiesand performance of asphalt concrete.

1. The most significant finding was that consistencyof recovered asphalts and traffic level

defined to a high degree of significancethe amount of transverse cracking on 6 to 9

year-old pavements.

2. The use of two categoriesof trafficleveland the penetration(25°C) of recoveredasphalt

provided a relationshipwith the number of transverse cracks.

3. Relationshipsdeveloped between penetration,viscosity,and ring and ball softening point

of recovered asphalts demonstrate that these consistency measurements are related to

such a high degree of significance that only one of these consistency parameters is

needed to characterize the asphalt. However, viscosity-penetration relationships for

original asphalts are not uniquely related and form the basis for selection of asphalts

to minimize low temperature cracking potential.
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4. Several existing models were used to predict transverse cracking and cracking

temperature. Analysisof these values and the actual number of observed transverse

cracks provided absolutelyno correlationbetween predicted and actual cracking.

5. The depth of ruttingwas insignificant,except for five sections that had ruts in excess

of 0.5 inches. No relationshipswere found to define the amount of rutting.

6. The effectsof air void contenton asphalthardening and indirecttensilestrengthat 0°C

(32.F) were identified. A tentative procedure for prediction of in-service hardening of

bitumenshas been suggested for use in determiningthe effectsof airvoid contentand

age on the indirect tensile strengthand consistency (penetrationor viscosity) of the

asphalt binder.

4.18 FLORIDA

Description

Since 1983, asphalts with abnormallyhigh light fractions have been encountered in Florida

(Page et al., 1986). In particular,operationalproblems were encountered in both drum mix and

batch plants becauseof the lossof the lightfractions duringthe mixingprocess. The effect of these

losses were a visuallydry appearance of the mix after paving, and subsequent compaction and

ravellingproblemsin some projects.

The concernoverthe eventualavailabilityof asphaltswitha highvolatilefractionon state paving

projects led to the initiationof a testing program by the FloridaDOT. The primaryobjectiveswere

to determine if asphalts with high percentagesof light fractions could be related to any change in

mix propertiesand pavementperformancewhen comparedto a paving mixture with a more typical

light fractionasphalt cement. In addition,the differencesin batch vs. drum mix plants were also
evaluated.

A recycling project on SR 16 in Clay County was selected--the pavement was originally

constructed in 1942 and consistedof a natural subgrade,6 inchesof limerock base, and a 3/4 inch

surface treatment. In 1958, the pavementwas overlaid with 2.5 inches of an asphalt concrete

surface course. The test pavement project involvedthe millingof 2 inches of the existingsurface

course and placementof a 1.25 inch layer of a recycled Type S-Ill concretestructuralmix followed

by 1.25 inches of a conventionalType S-Ill surface course mixture in the traffic lane of the test

section area. A 1.25 inch surface courselayer of the recycled Type S-Ill was placed in the passing
lane and at all other locationsoutside the test section area.
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The most significantdifferences between the two types of mixtures are air void content and

asphaltcontent (higherin conventionalmix). Two AC-20 grade asphalts were used, one witha high

light fractionand one with a typical light fraction. A total of eight test sections were constructed(2

asphalts and 2 plants, with and without steam distillation).

The asphalt cements to be used in each of the test sectionswere sampled upon deliveryto the

asphalt plantand submitted to the Central Laboratory(FDOT-Bureauof Materialsand Research) for

testing. The following tests were performed to determinethe physical properties of the asphalts

before and after Thin Film Oven Test (TFOT):

1. Viscosity@ 77- F, 140. F, and 275. F (25, 60, 135"C).

2. Penetration@ 77.F (25.C).

3. Ductility@ 60.F (15.6.C) and 77-F (25.C).

4. TFOT-percent loss.

5. Flash Point (COC).

6. Smoke Point (COC).

7. Solubility--Trichloroethane.

These results for the asphalt cement are summarized inTables 4.16 to 4.19. Tables 4.20 to

4.21 summarize the asphalt mix properties. In addition, the asphalt cements were pre-processed

usingsteamdistillationto remove the light fractionsfrom the asphalt cements. However,after 6 days

of testing,this process was terminated as there was no significantchange in TFOT loss. The steam

distillationresultsare not discussed any further herein.

Monitoring of the completed test sections was performed at three, six and nine months after

construction. Cores were taken, rut depths measured, crack surveys taken, as well as Dynaflect,

Mays Meter and friction number measurements. Table 4-22 summarizes these measurements. The

performance data show no indication of early failure or inferior behavior of any of the test sections.

Results

Nine-month aging trends for viscosity @ 140oFare shown in Figure 4.17. Sections 1 and 2

show the same rate of hardeningwhen compared to Sections3 and 4, but the high light fraction

asphalts in Sections 3 and 4 have a lowerviscositythan 1 and 2. The close correspondencein the

slopes suggest that viscositytests on TFOT residues obtained at different heating times could be

used to establish the in-servicebinder hardeningrate. The dashed lines indicatethat the viscosity
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Table 4.16 Asphalt Cement Test Data-Low
Light Fractions,Batch Plants
(T.S. 1) (Page et al. 1986)

BescripLIon: Asphalt Cement - Typical Light Fractions
Plant: Drum Hix TESTSECTIONNo. Z

les___t.t Original After Recovered from Road_a]
TFOT 2 wk 3 mo 6 mo §mo I ]r. 2 if. J]_

Viscosity 462 774 695 819 92_ 1153
ZlSF (1240) (1365) (1561) (2396)

Viscosity 4711 7322 95B5 15755
L40F 2273 7724 (18090} (21956) (31978) (77005)

1.49[6 Z.29C6 3.ONE6 6.43T6
Yi_rnslty.7If 1.2016 2.52E6 (3.74E6) (4.86E6) (8.00E6) 1.38E7

PenetraLIon 63 49 47 37
77F 82 51 (40) (36) (34) (25)

Ouctllity 150_ 125 150_ 150_ 150_ 94
77F (32) (SO) (16) (IO)

Ouctlllty 145 15 40 14 16 7
6OF (8) (6) (8) iS)

Loss {t) 0.28 0.94 0.6Z 0.87 1.27

flash Point 525 - $50 555 540 550
COC F

SmokePoint 240 340 330 330 350COC F

Solubility- 99.98 - 99.86 99.97 99.94 99.96
lrlchloroethene

NOTE: Values shown in parentheses are after Thin film Oven Test

Table 4.17 Asphalt Cement Test Data-Low
Light Fractions,Drum Mix Plants
(T.S. 2) (Page et al. 1986)

Oe_crtption: Asphalt Cement - -Typical Light Tractions lEST SECT|ONNo. I
Plant: Batch

Test. Origlnal After Recovered from Roadwa]
TFOT 2 wk 3 mo 6 mo 9mo I yr. Z yr. 3 ye.

Viscosity 462 774 B61 968 909 1775
275F (1440) (1537) (1579) (2174)

Viscosity 2273 7724 7613 11,040 10,343 19,735
14OF (23,715) (29,339) (37,509) (72,701)

V1_cosity 1.2816 2.52E6 2.1f_6 3.50£.6 2.96[6 B.2_6
77F 4.O6E6 (6.11E6) (7.1_6) 1.37E7

Penrl.ratlon 82 51 54 44 46 34
77F (36) (34) {32) (26)

Ouctillty 150_ 125 I15 12n 150_ 6_
HF (IO) (Zl} (iO) (9)

Ductility 145 |5 10 9 In 5
6Or (7) (6) iS) (S)

Loss [_1 O.20 0.86 0.70 I._1 0.94

flash Po|nt 5ZS - 535 545 530 550COC F

SmokePoint _40 335 325 345 350tOE r

5nl.l_tllly- 99.90 99.90 100.0 99.93 9q.94Trtchloroetheoe

NOTE: Values shown in parenthesesare after the Film Oven Test
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Table 4.18 AsphaltCementTest Data-High
Light Fractions,Batch Plants
(T.S. 3) (Page et al. 1986)

Orscriptton: Asphalt Cement - iligh Light Fractions
Plant: _.Batch TEST SECTIONliD. 3

Test. Original After Recovered from RoadwaL
TFOT 2 wk 3 mo 6..._ 9 mo I yr t Z yr, 3 yrL

Viscosity 583 734 913 1115
275F 403 802 (1113) (1216) (1559) (2593)

Vlscosiiy 4000 4703 7592 10216
I40F 2101 5530 (11727) (13652) (23520) ($8126)

Viscosity 1,38[6 1.63r6 2.64E6 4.31£5
77F 0.98E5 2.47E6 (3.52[5} (4.7825) (5.57E6) 1.44E7

Penetration 70 55 54 52
77F 95 58 (48) (4Z) (37) (28)

Ductility 150' 150, 150' 86
7lF 150+ 150_ (110) (90) (24) (19)

Ductility B6 74 27 19
60F 150_ 62 (14) (I0) (0) (lo)

Loss (%} 0.55 0,99 1.05 1.15 1.95

Flash Point
COC F 405 520 535 535 545

Smoke Point
ZSO 330 315 350 310COC F

Soluhillty- 99.98 99.10 99.98 99.97 99.94trichloroethene

NOTE: Values shown In parenLhesls are after Thin Film Oven Test

Table 4.19 Asphalt CementTest Data--High
Light Fractions,Drum Mix Plants
(T.S. 4) (Page et al. 1986)

Oescriptton: Asphalt ComenL- }liqh .Light Fractions
Plant: Drum HIx TEST SECTIONNo. 4

Test Original After Recovered from Roadwa]
1rOt z w_: 3co 5,no 9rod l_._r, z_jr. 3._xr__

Viscosity 483 802 700 819 1116 1190
al$F (1278) (1334) (17Ol) '(1957)

Viscosity 2101 5530 S305 5002 10971 13551
140F (15725) (17032) (29945) (42484)

Viscosity 0,90E5 Z.4715 1.67E5 2.07E5 1.11E7
77F (4.48E6) (5.56L5) - 1.14E7

Penetration 95 56 54 59 45 3n
77F (40) (38) (37) (28)

Ductility 150. lSg* 150. 1S0. 150o 92
77F (06) (71) (15) (29)

Ouctillty 150. 62 74 $7 102 8
60F (9) (8) (7) (S)

Loss (%) 0.65 1.01 1.00 0.85 0.85

Flash Point 46S - 540 $40 550 545
COC F

Smoke Point 200 320 300 340 315
COC F

Soluhlllty- 99.98 99.09 99.97 99.97 99.97
Trlchloroethene

NOTE: Values shown in parentheses are after Thin Film Oven Test
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Table 4.20 Asphalt Concrete MixtureData;
T.S. 1 and T.S. 2 (Page et al. 1986)

/)t'¢rrlplion: Aspherl Cment • .__Plcal .. Light Fractle_s IEST S[CIION IM, ...L..

rlant: l_._.._#_h Ro_(Jway S_mples(b)
lest MIx plant A_

.... .Oes ii99, Mix C_oO_t_.(=) _._. _a.Q. 9_:

ilrnslly (pcf) 131.0 13Z.7 126.9 121.61125.5 125.51124.1] 131,71138,9

Air Voids (t) 6.7 5.5 9.6 15.4/14.8 1Z.6/13,1 8.1110.3

H_r_,hall Stability (tbs} 1580 1703

Harshall Flow (g.Ol inch} 9 9

|Pne, ile Strength (p$1}w p 124 42 56 75 133.0

II¢,_,rriptlo¢: A_,phaiL C¢,mcnl - T,yplca| Light trracLIon$ IESt SECtIOII dO. ?
Plant: I)rum /tie

Roadway SampI.'S (b)
t_,L HI, pla_t &_. /a I

I)rSIgn Hi1 ConsL.' ' J too. 6 Incl. 9mo_.

Ornslty |pet) 13_.0 133.7 125.6 125.51124.9 tZT.tl|Z7,4 _9.2/1Z6.7

,'Lie Voids it) 6.7 6.1_ 10.5 IZ.Z/12.5 10.9110.7 9.4111.3

M,tr_hail Stability (Ib$) lSMO 1766

Hdrshall Flow (0.01 inch) 9 9

tensile Stremith (p$1)w p 125 67_ 65 1_I_ I;'1|.0

a!^_ r..._t - ^verene of IO ,,,clr_r density _'_sur_.nts (corrected)
I_)lietween ;a heel Paths (lIHP)/In _beet I'_th (WP)

Table 4.21 Asphalt Concrete MixtureData;
T.S. 3 and T.S. 4 (Page et al, 1986)

Pr_rriptIon: A',phalt Cement - Ilt_ Light Irr_clton$ TEST SECTION NO..1

Pt _ t : 0_t._.|l Roadway SampIeS (h)
test HI= Planl A_

..... Oe....__._. _l_ ¢o_t(a) _. §__o,. 9__p,

It,'n$1ty (pet} I]1.0 133.5 IZ6.6 IZl.g/IZS.4 IZB. IllZl.5 130.4/IZ5.4

Air Voids (%) 6.7 S.O 8.4 il.4110.3 10.6II1.1 6,911Z.4

Marshstl Stability [tbs) ISB0 137G

Harshall Flow (0.01 inch) g 9

tensile SLrenqth (pSi}wp It3 51 55 60 12Z

I_r$¢rlplton: A.,phalt Cement - lll,lh LIqhL ;ractloflS I[$I SI[I_ll0N m).

Plant: D]'.UI_.TLIx _ Roadway Sa.I_ Its TM
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of the TFOT residue from the original asphalt with high light functions is equivalent in viscosity to the

in.service binder at 30 days.

The viscosity @ 77-F results in Figures 4.18, 4.19 and 4.20 show that viscosity increases with

age. They also illustrate that viscosity data provides greater sensitivity than penetration in the

analysis of data trends.

Finally, flexural fatigue tests were conducted @ 77.F and analyzed. It was found that the

asphalts with high light fractions (Sections 3 & 4) gave fatigue lives similar to those for Section 1.

Table 4.23 summarizes these results. The authors (Page et al., 1986) conclude that the results for

Section 2 are erroneous and therefore do not include them in the analysis.

Conclusions

The authors (Page et al., 1986) report the following conclusions:

1. Asphalts with high light fractions produce operational problems at the plants.

2. The asphalt with higher light fractions has a higher viscosity than the asphalt with typical

light fractions.

3. Fatigue testing indicated no major differences between the mixturesused in the test

sections.

4. The viscosity tests on TFOT residues indicate the same trend as the asphalts recovered

from the field, i.e., viscosity increases with time.

5. Penetration does not show as great a sensitivity to hardening as does viscosity.

4.19 CLARK COUNTY, NEVADA

Description

In 1983, Finn et al. (1983) reported the resultsof an investigation into mix design procedures

using the Marshall test and the Asphalt Instituteprocedures. Two examples were illustratedwhere

mixes designed with the above procedures resultedin early ruttingdistress or in a mixthat would

havebeen considered unsuitablefor a highwaypavementusing the California methodof mixdesign.

In addition,stabilometer and creep tests were used to modifythe mixturedesigns. The authorsalso
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assessed the efficacy of the creep test as an additional design test, particularly for pavements

subjected to heavy loading conditions in hot environments.

Two case studies are presented in which the Marshall test procedure for both airfield and

highway pavements has required additional tests to assist in the mix design process, in both cases,

the stabilometer and creep tests were utilized. The creep test was used as an indication of the

relative amounts of rutting under repetitive traffic loading which occurs in mixes at different asphalt

contents.

In 1979, an investigation was initiated in Clark County, Nevada to define the cause or causes

of premature cracking (mostly block cracking) in recently constructed asphalt pavements. Because

of the presence of volcanic (absorptive) aggregates, asphalt contents were subsequently increased.

A field investigation in the spring of 1982 reported that some bleeding and rutting were found in

mixes subjected to slow-moving, heavy traffic. The major incidence of these distresses were located

in the approach lanes of major, signalized intersections.

Cores were taken from four projects in these areas, and they were rated as acceptable,

unacceptable,and non-trafficked.Tests on the cores included determinationsof unit weight, asphalt

content,percent passing No. 200 sieve, Marshallstabilityand flow (remolded), stabiiometer"S' value

(both on cores and same materials remolded) and creep stiffness.

Results

Table 4.24 summarizes the recovered asphalt properties. The asphalt in the mix for Project 1,

Phase 1, has a relatively high viscosity when compared with the other projects. The average

recovered viscosity @ 140.F (60,C) for the acceptable areas is significantly different from that for

the unacceptable areas. The average PVN was -1.1 for all the projects, with a range of -0.3 to -

1.8. Thus, temperature susceptibility may be considered high but not beyond the normal range

reported in the literature.

Air voids (Table 4.25) indicate that the mixes have been compacted to less than 3% (overall

average 2% for unacceptable areas, 4% for acceptable areas). The low values correspond with the

observed performance, i.e., bleeding. Table 4.26 summarizes the stability data, and it may be

concluded that:

1. High Marshall stability values do not assure adequate rutting resistance.

2. StabUometer"S"values decrease significantlyas air voids are reduced below 4%.
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Table 4.24 Recovered Asphalt Properties
(Finn et al. 1983)

Asphal_ CharacCerls_ics

Recovered Properties
Project Performance

Grade 140 F - poises 100 gm. 5 sec. Nt_ber

I Acceptable AR-8000 25,100 [6 -O.b
Unacceptable AR-4000 3,055 45 -l.8.

2 Acceptab|e AR-4000 3.570 44 -1.5
Unacceptable AI:-_O00 1,870 66 -1.8

3 Acceptable AR-&O00 15,400 19 -0.8
UnaccepCabIe AR-4000 1,930 67 -1.6

4 Acceptable AR-4000 12,000 19 -0,8
Unacceptable AR-4000 2,830 52 -1.5

Table 4.25 Void Content Data-In Situ Mixes
(Finn et al. 1983)

Air Void Content o{

VHA - percent Cores - Pe_cenL*

Project Per[ormance

Job Mix [Speci(ications Formula Cores Location I Location 2

Acceptable {4 15 9.8 4.2 4.8

i Unacceptable 12,5/13.0 12.4 9.7 t.2 [,9

Nontrafficked [l.1 5.3 4.5

Acceptable 12.5/13.0 13.2 8.9 3.7 -

2 Unacceptable 12,5/13.0 [3,2 8.7 2.6 1.5

Nontrafflcked 12.5/13.0 13.2 7.3 - -

Acceptable 12.5/13.0 [4.5 li.8 3.4 4.[

3 Unacceptable 12.5/13.0 [_.5 10.9 2.6 2.5

Nontrafflcked 12.5113.0 14.5 11.l 2.5

Acceptable 12.5/13.0 [_.6 5.6 2.6

6 Unacceptjab[e 12.5/13.0 - [2.7 1.5 2.3

NontraffIcked [2.5/13.0 13.8 2.8

*AveraRe va[uem for cores taken from respective projects.
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Table 4.26_ Stability Data-In Situ Mixes
(Finn et al. 1983)

Hnr_hn]l Tent Dntn Stnbi|ometer "S" Vnl.e

Project Performance Stability Flow I Remotded

lb. (0.01 in.) Core I Specimen

Acceptable 5,ARO In 3l 20

1 Unacceptable 6,570 12.5 7 10
Nontraf[icked (1) 29

NonLrafficked (II) 18

Acceptable 6,590 16 29 12
2 Unacceptable 4,100 17 l 5

Nontrafficked 17 8

Acceptable 6,5A0 IO 65 22
3 Unacceptnbte 3,595 15 6 2

Nnntrnf[lcked 62 2[

Acceptable 3,435 II 22 lfi

4 Unncceptnble 2,625 23 3 3
Nontrnfficked 24 7

Table 4.27 Creep Moduli and Stabilometer "S'
Values Associatedwith Different
Levelsof Performance
(Finn et al. 1983)

Creep Hodultt5 -- p.'¢i I Stabilometer

Mean Devlnt ion ._pecImenn "S" Vnhle gpee imenR

Acceptable 29,000 7,900 8 ]1.6 16

Unacceptable 13,600 5,300 9 9.0 I&

Nontra[ [icked

Upper Section 32,600 11.600 6 28.3 6

Lower Sect ion 20,900 4,800 6 .....
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3. Stabilometervaluesare generallyless thanthe valuesrecommendedfor highwaydesign

(i.e. S = 35 min.).

4. Flowvalues from Marshall tests are high, ranging from 15 to 23 for four of the eight

conditionsshown.

Creep testswere alsoperformedat 100•F (38°C) on cure specimens. Only the resultsobtained

after one hour of load applicationare reported (Table 4.27). In general, it will be noted that as the

'S' value increases,the creep modulus also increases. A creep modulus of 34,500 psi would

correspondto an 'S" value of 35.

The second example was for an airfield pavement in the Middle East. A test sectionwas built

with a binder coursecontaining4.2% asphaltcontentand a surfacecourse at two asphalt contents:

4.9% and 5.4%. Proof rollingwas conductedduringtwo periods: 1) withinone week after placement

of the asphaltconcrete,and 2) duringperiods of highambienttemperature five monthslater. A 60-

ton pneumatictired rollerwith30,000 Ibs on each tire was used to apply the test loading.

Table 4.28 summarizesthe resultingdeformations--itcan be seen that the difference in rutting

potential of the two trial surface course mixes are insignificant. However, in two of the three test

periods,the deformationincreasedwith an increase in asphalt content.

Creep tests were performed on lab specimenswith asphalt contents of 4.5% and 6%. Each

specimenwas tested at stress levelsof 14.7 psi (101 kPa), 30 psi (207 kPa) and 70 psi (483 kPa)

and the stress maintainedfor one hour. Figure 4.21 illustratesthe creep moduli as a function of

loadingtime. Extrapolationsbeyond36,000 sec. are shownas dashed lines. Note that two different

temperatureswere used: 80.F for 4.5% asphalts,and 70°F for 6% asphalts. Rut depthswere then

predictedusingthe ELSYM5layeredelasticprogramand the procedure developed by Shell (Van de

Loo, 1976). Fromthis, it was observedthat ruttingrange from 4 to 10 times for the 6% asphalt mix

comparedto the 4.5% asphalt mix.

In addition,for an average"S"value of 46 (4.5% asphalt),the creep modulusat 100°F and one-

hour loading time is 37,000 psi, whereas for an "S"value of 1 (6.0% asphalt), the creep modulus is

2,000 psi. This compareswell with the Clark County data.

Conclusions

From this investigation,Finn et al. (1983) concludedthat:

1. Higherasphaltcontentswere obtainedwith volcanicaggregate withthe Asphaltinstitute

criteriafor intersectionsof major arterialsin a hot climate than would be indicated by
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Table 4.28 Measured Deformations In Proof
Rolling Test (Finn et al. 1983)

Cumulatlve Deformation - in.

T£me Coverages AveraRe Haxlmum

4°9 5.4 4.9 5.4
Percent Percent Percent Percm_t

Hatch 1,150 0.05 0.08 ......1981

AuRo_t 1,224 0.05 0.04 0.09 O.12
1981

106 I I I |

• _Aspholt content:

105 _ 45_ (80"F) --

-._ _ -- ...... ,......,..

40 m°Fj

_ -'_.._ _ "_-_ .._

_i0 4 __ _"_.._.._..._"_.. __ ""_""'_.. 6.0_ (/00 _,/
_°°

/0"_ l I 1 I
/0 /0z /0J /04 /05

Time of Loodin9 - sec.

Figure 4.21 Average Creep Curves for Surface Course Mix
at Asphalt Contents of 4.5 and 6.0 Percent
(Finn et al. 1983)
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the CaliforniaStabilometer. The mixesso designed exhibited rutting in a relatively short

time period.

2. High Marshall stability values do not assure rutting resistance.

3. For Clark County, a creep modulus of 34,500 psi at IO0oF,36,000 sec. loading time, is

correlated with a stabilometer 'S' value of 35. This is the minimum recommended to

preclude rutting.

4. For the Middle East airport, the average'S" value of 46 (4.5% asphalt) corresponded

to a creep modulus of 37,000 psi. However, no significant rutting was observed in this

study.

5. The creep test appears to be a useful supplement to mixture design.
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5.0 SUMMARY

This survey of published literature was designed to provide informationwhich could relate in-

situ asphalt propertiesand the characteristicsof asphalt-aggregatesystems to the performance of

in-service pavements. In reviewingthe literature,specifictypes of informationwere stipulatedto be

of major interest, namely, (i) chemicalpropertiessuch as fractional composition,which is generally

related to the chemical activity of asphalt, and (i0 physical properties such as rheological

characteristicsof asphaltwhich can be relatedto propertiesof asphalt-aggregatemixtures. Specific

objectivesfor the literaturereviewwere as follows:

1. Providean exhaustivecompilationof references(throughDecember 1990) relatedto the

SHRP asphalt research program and which would be useful to future investigators

interestedin investigatingasphaltand asphalticmixtures;

2. To identifythose asphalt propertieswhich are related to pavement performance and

which can be used as a basis for applying a "test of reasonableness"to test results

under investigationby the A-OO3Acontractor. For example, if low temperaturecracking

studies produceresultscontraryto fieldexperiencean intensivere-evaluationof the test

method or the interpretationof measured mix properties would be required;

3. To identify those asphalt properties to which test results should be sensitive. For

example, if field data indicatesthat asphaltconsistencyand temperature susceptibility

significantlyinfluenceperformanceof asphalt-aggregatemixtures,it will be importantto

include in all of the studies,asphaltswitha wide range of physicalproperties in order

to determine how well the test will reflectdifferencesin these asphalt properties;

4. To identifyproblemswithpast researchwhichcreate difficultieswhen attemptingto pool

data from widely spaced (time and location)field projects;and

5. Provide a basis for rankingasphalt propertiesfrom good to poor or from acceptable

to unacceptable.

For purposes of this review,performance has been defined in terms of (i) fatigue cracking, (ii)

low temperature cracking, (ii_ permanent deformation, (iv) moisture sensitivity of asphalt and asphalt-

aggregate systems, and (v) aging of asphalt and asphalt-aggregate systems.
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Figure 5.1 provides some indication of the associations used to guide the review of the literature.

Task B (SHRP Task 1.4) indicates the role of the literature review in helping to meet SHRP's

objectives in the asphalt research program.

5.1 CONSIDERATIONSFOREVALUATINGDATAFROMCONTROLLEDAND UNCONTROLLEDFIELD

PROJECTS

Before summarizingoverallresults from the review of the literature, it is important to note some

of the problemswhich adversely affected the reviewer'sabilityto develop any consensus from the

large numberof publicationsincluded in this survey.

1. Confounding factors related to controlled field investigations - As defined, a controlled

study would be one that was planned with a specific objective identified. Good

exampleswould be the Zaca-Wigmore, Ste. Anne or the European trials in France and

Germany. However, even these studies were confounded in so far as the ability to

develop specific conclusions or performance information required for SHRP. For

example, the Zaca-Wigmore project was constructed partially over a cement-treated

base which in some cases was over an old portland cement concrete pavement; both

factors wouldinfluence the occurrenceof crackingin the asphalt concrete. The project

was constructedintwo different periodsinvolvingdifferentweather conditions. The Ste.

Anne Test Road included a limitednumberof asphalts (four), one of which was a SC-5

liquid asphalt. Although the Ste. Anne project included29 test sections,there were a

numberof variablesincludedwiththe study;i.e.,four asphalts,three types of aggregates

in the mixture,two subgrade types, three asphalt contentsand three structuralsections

or 216 possible combinations. Nevertheless, this project produced some very useful

informationfor low temperaturecrackingand representsone of the mostdefinitivewith

regard to asphalt properties,mixturecharacteristicsand pavement performance. The

European study was one of the largest and was well planned. Asphalt testing, both

chemicaland physical,was extensive;however, the authors concludedthat differences

in performancewere due to differencesin aggregate gradation and defects in the road

structure. No conclusionswere reported relativeto the role of the asphalt even though

that was the primary objective of this large (110 test sections) controlled study.

Similar problems can be associated with most of the controlled studies, e.g.,

investigationsbased on the propertiesof overlays or lack of informationconcerning
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traffic or structure. These confounding factors make it difficult but not impossible to

draw some conclusions if a consensus evolves from a consolidation of findings.

2. Confounding factors related to uncontrolled investigations - As defined, an uncontrolled

study involved studies of existing in-service pavement which were sampled and tested

without benef'_of a well-formulated experiment design but which were planned to obtain

information relative to the influence of asphalt properties to performance. The very

nature of such studies sometimes makes it difficult to isolate specific properties and

relationships; however, most of the studies included in this category were well planned

with specified objectives and extensive testing. The results of these were considered

useful for the sponsoring agency but were not especially productive in developing

quantitative information which could be extended to other areas or materials.

3. Properties of asphalt and asphalt-aggregate systems - The majority of projects evaluated

asphalt properties using traditional tests to measure consistency of asphalt and asphalt-

aggregate systems. Specifically, most tests included only measures of penetration,

viscosity and ductility for asphalt and Marshall or Hveem stability for mixtures. While

these properties have proven useful in the past, and may be used in the future, the

emphasis in SHRP is on new and innovative testing designed to be more strongly

related to pavement performance.

The types of testing for physical properties of asphalt are likely to include dynamic

viscoelastic properties such as described by Ishai, Brule, Vaniscote and Ramond (1988),

Sisko and Brunstrum (1969), and Goodrich (1988). This type of testing is not

necessarily new, having been reported by such prominent researchers as van der Poel,

Heukelom dating back to 1958. Such tests will produce information such as complex

shear modulus, dynamic viscosity, storage (elastic) modulus and loss tangent (ratio of

viscous modulus to elastic modulus) as reported by Goodrich (1988). It is expected that

these properties will provide improved correlations with the mechanical properties of the

asphalt-aggregate system.

The types of tests for asphalt-aggregate systems are likely to include measurements that

identify thermal coefficients, elastic, viscoelastic, shear, fatigue properties and would, in

most respects, reflect comparable characteristics to those used with asphalt binders.

The tests will be designed for use with analytical models to simulate stress, strain and

deformation under in-service conditions.
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Unfortunately, measurements of the type desired by SHRP were limited largely to

laboratoryinvestigationsand rarelyincluded field studies as reported in the published
literature.

4. Test methods used for asphalt - A variety of test methods were used to measure

penetration,viscosityand ductilityof asphalt. Penetrationwas normallymeasured under

standardASTM procedures;however,variationson such procedures were sometimes

used to measure penetrations at temperatures other than 25oC (77OF). Viscosity

measurementswere madewith a range of viscometersand rheometersat variousshear

rates. The use of differentinstrumentscomplicatescomparativeresultsbetween field

projects.

The estimates of temperature susceptibilityand asphalt durability have a large number

of variations,again makingcomparisonsdifficult.

There are no baselinetests to identifychemicalcompositionor fractions. Similaritiesin

fraction identificationdo exist; however, comparisons are difficult when evaluating

reported properties since the types of informationvary depending on test methods.

However,the purpose of thisreport is notto make comparisonsin methods. This report

is primarilyinterestedinidentifyingpossibleassociationsbetweenchemicalfractionsand

performance. Thus, each methodis evaluatedon its own meritsand comparisonsare

not important.

It is recommendedthat SHRP developa set of standard test methods and instruments

which can be used as a baseline for comparisonsof asphalt properties.

5. Variationsinmeasurementsof performance(distress)- There is no consistencybetween

field projects as regards methods used to measure or evaluate performance. For

example,some projects used a simple numericalscale, i.e., 0 for poor to 5 for good,

based on visual observations;others measured the area of cracking or amount of

rutting;still others simply only referred to good, fair and poor. The most consistent

standardsare those used for lowtemperaturecrackingin which full-widthor half-width

cracks are combined into a single index.

As with testing, it will be important that SHRP establish a baseline for condition surveys

that can be used for all future investigations related to pavement performance.
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6. Lack of a strong consensus relativeto conclusions- Findings from one investigation do

not alwaysconcurwith those fromanother investigation. The best example of this type

of problem can be illustratedby findingsreported for the influence of in-serviceasphalt

penetrationson fatigue cracking. The Zaca-Wigmore study concluded that standard

penetrationvaluesof 30 or lesswereassociatedwith fatiguecracking. However, a West

Texas study with a recovered asphaltpenetration of 5 evidenced no cracking; likewise

studies in Delaware and Louisianareported recovered penetrationvalues less than 30

with little or no cracking and definitelyless cracking than comparable sections with

higher penetrationvalues. Similarcomparisonscan be made for viscosityand ductility.

Nevertheless, there is some overall indication,based on the published literature,that

asphalts with lower penetration values, higher viscosity or low temperature ductility

values contributeto reduced service life interms of fatigue or lowtemperaturecracking.

It shouldbe noted that many of these studies are based on thin overlays and most do

not involveasphaltconcrete thicknessesin excess of 5 to 6 inchesfor new construction.

A similar lack of consensus existswith regard to chemical composition. Unfortunately

most reports which did include informationon chemical properties were inconclusive.

For example, the Michigan and European studies were unable to relate chemical

fractions to performance. However, Rostler and White (1959) and Jamieson and

Hattingh (1970) have shown correlationsbetween chemical fractions and pavement

performance. Likewise Jennings et al. (1982) and Hattingh (1984) have shown

relationshipsbetween HP-GLC characterizationand performance.

Recognizingthat problems do exist in attemptingto interpret informationfrom field trials, a

cautiousefforthas been made to extract bothqualitativeand quantitativeinformationfrom such data

and field performance.

5.2 INTERPRETATION OF RELATIONSHIP BETWEEN ASPHALT PROPERTIES AND PAVEMENT

PERFORMANCE

An effort has been made to evaluate the influence of asphalt properties on performance. Two

approaches have been used to determine if and how well both quantitative and qualitative

relationshipscan be established.
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QualitativeRelationships

Tables 5.1 through 5.6 provide informationpertinentto qualitative relationship. Table 5.1 shows

by arrows the qualitative relationships;e.g., for low temperature cracking, increasing values of

recoveredasphaltviscositywas associatedwithincreasingamountsof cracking. The table reference;

i.e., Table 5.2, provides sources of informationfor ready reference. The codes within each cell

indicatethe number of sources (8 for lowtemperaturecracking),the recommendationof threshold

values, not necessarily the same values (Y for yes, N for no), and finally, an indication of

contradictionsto the general finding (0 for no, 1 for yes).

From Table 5.1, it is clear that asphalt properties can influence pavement performance.

Althoughthe amount of informationis limited,there is littledoubt that relationshipsdo exist. Except

for rutting,the effectsof aging tend to have adverse effects on performance. It should be noted,

however, that according to some investigations(Finn et al. 1978), asphalt aging may not be

detrimentalfor fatigue cracking,provided such materialsare incorporatedin relativelythick layers;

i.e., 8 inchesor more, of asphalt concrete in the pavementstructure.

QuantitativeRelationships

In order to evaluate and quantify possible relationships between asphalt properties and

performance,the following procedurewas used:

1. Select results froma singleinvestigation;establishrelationshipsand comparewith other

projectsto determine how well predictionscomparewith actual performance.

Due to the large amount of variability between projects, data from more than one project

was not pooled, although such an approach would have some obvious benefits in

attempting to achieve a consensus in findings.

2. Look for simple correlationsbetween all variables for which there is some basis for

expecting an association;e.g., summary of qualitativerelationshipsin Table 5.1.

3. Examine the data, using graphs to look for outliersand trends.

4. Startwith simple (single-factor) models with what is believed to be the strongest variable.

5. Investigate the possible use of multiple regressions in order to improve the correlations.
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6. Recognizethat the relatively lowvalues of determination (R2) may be useful indicators

of the influence of asphalt properties.

For the investigation,Siskoand Brunstrum (1968, 1969) was used as a baselinefor establishing

correlations. This project was selected because it included extensive information concerning asphalt

properties and involved projects from twelve states, which would automatically include a variety of

asphalt sources. The pavements, with one exception, had been in-service for eleven years at the

time visual condition surveys and samples were obtained. The one exception was a pavement that

was three years old. Information was also available for the original asphalts. Two deficiencies in the

information were: 1) Likely differences in traffic on different projects, and 2) performance was

rated only as none, slight, moderate, and severe. For purposes of analysis, the descriptors of

performance were changed to numerical values with four intervals or zones of performance.

The simple correlationsincluded the relationships between penetration at 77-F, viscosity at

140-F and 275.F, and percent asphaltenes with cracking and rutting. Figures 5.2 through 5.5

illustratethe simple relationshipswith cracking. The highest coefficientof determination R2 was

obtained with viscosityat 275.F (Rz = 0.716). It should also be noted that the asphalt properties

obtained after the aging in the thin film oven test did not correlatewith cracking.

An effortwas made to improve the correlationsby using multiplevariables incorporating physical

and functional propertiesof the asphalt. The Rz values did increase; however,two problems were

encountered which were sufficiently compelling to discard the results. First, there were high

correlationsbetween the independentvariablesincludedinthe regression,and second, the algebraic

signsassociatedwithsome of the variablesdid not correspondto the qualitativerelationshipsshown

in Table 5.1.

Table 5.7 summarizesasphalt properties associatedwith acceptable and unacceptable levels

of performance.

Plots of asphalt consistency versus ranking according to levels of rutting indicated poor

relationshipsand correlationsare not reported. As shownin Figure 5.6, there was a fair correlation
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Table 5.7 Asphalt properties associated with
acceptable and unacceptable performance

(Sisko & Brunstrum, 1968, 1969)

CRACK RAT|NO

PROPERTY ACCEPTABLE UNACCEPTABLE

2 3 4

Penetration @ 77oF 44 34 24

Viscosity @ 140-F 7,533 22,206 47,818

Poises

Viscosity@ 275- F 576 896 1,216

cS

Asphaltenes, % 17 21 25

Table 5.8 Percent asphaltenes associated with
acceptable and unacceptable performance

(Sisko & Brunstrum, 1968, 1969)

RUT DEPTH RATING

PROPERTY ACCEPTABLE UNACCEPTABLE

2 3 4

Asphaltenes, % 21 16 11
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between rut depth rankings and percent asphaltenes (R_ = 0.712). Threshold values are shown in

Table 5.8.

In order to verify the applicability of information summarized in Table 5.7, an effort was made

to apply such associations to other projects which had similar information. Hugo and Kennedy

(1985) summarized information from field trials in South Africa based on reports by Dickinson (1982).

An interpretation of information reported by Hugo and Kennedy indicated that sections with cracking

contained asphalt with an average viscosity of 5.17 log viscosity at 122oF expressed in Pa.S and with

a standard deviation of 0.75. These values would correspond to an average viscosity in poises of

1,479,108 at 122oFand 0.05 sec "1 rate of strain with plus or minus one standard deviation ranging

from approximately 263,027 poises to 8,317,638 poises, a very large difference. These viscosities

would be at a level indicative of a high potential for cracking when compared with findings from

other field investigations (such as Sisko and Brunstrum, 1968).

Jennings et al. (1980), as part of their recommendations to the Montana Department of

Highways, and based on a wide range of field studies, recommended asphaltene contents of 12.5

to 16.5 percent in order to minimize cracking. This range compares favorably with data shown on

Figure 5.5.

Jennings recommended asphalt penetration values higher than 120 to minimize cracking. These

values are believed to be associatedwith low temperature cracking which may not have been

considered in the Sisko & Brunstrum ranking.

Based on information reported by Jennings et al. (1988), it was possible to develop a

relationship between rut depth and percent asphaltenes as follows:

Rut depth (inches) = 1.267 - 0.0610 (% asphaltenes) R2 = 0.791

Accepting 0.375 inches as an allowable rut depth, the asphaltene content should be 15 percent,

which would be within the range indicated from the Sisko & Brunstrum data.

While not directly related to the work of Sisko & Brunstrum, it can also be reported that

Anderson et al. (1983) and Kandhal related low temperature cracking with low values of penetration;

i.e., less than 43 by Anderson and less than 29 by Kandhal.
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Some anomalies in comparisons of asphalt properties can be found in comparing results from

Sisko& Brunstrumto informationprovided byWay (1978). Penetrationvalues in nine sections out

of 10, with no cracking, ranged from 5 to 23 and there was no rutting in one section with a

penetrationof 75. Poor comparisonswere also indicatedfor viscositiesat 140oF; e.g., no cracking

withviscosityof 123,000 and over 1 millionpoises.

In evaluating the results of quantitative analysis, as reported herein, it must be noted that

specific values for thresholds or ranges associated with performance, are based on best-fit

regressions. The actualvariation in values,associatedwith specificcorrelations,can be very large,

as reported by Hugo and Kennedy. Further, the standard error of estimate for the various

correlationsreported from the Sisko& Brunstrumdata is approximately1.0. Thus, if one were to

select thresholdvalues it would be necessary to select those values related to a crack or rut depth

rating of 2 rather than from 2 to 3. Therefore, considerablecaution mustbe exercised when trying

to apply or interpret resultsfrom the analysisof field data.

5.3 INTERPRETATION OF RELATIONSHIPS B_EEN THE PROPERTIES OF THE ASPHALT-

AGGREGATE SYSTEM AND PAVEMENT PERFORMANCE.

Informationin the literatureon asphalt-aggregatesystems(mixtures)is primarily identifiedwith

either the Marshall or Hveem methods used to measure mixture properties. Since the SHRP

research is being directed toward more fundamental properties, no effort has been made in the

literaturereviewto evaluatethe relevancyof currentspecificationsor to attemptto associate resulting

physicalproperties to performance.

For purposesof this report, the propertiesof asphalt-aggregatesystemsconsideredrelevant to

the SHRP researchobjectiveswould includemeasuresof stiffnessat varioustemperature and times

of loading,tensilestrength,fatigue properties,and shearstrength. For both types of measurements,

there are currentlyinthe research literature,a varietyof procedureswhich can be used to measure

specific properties; e.g., complex modulus,dynamic creep, shear modulus, etc.

QualitativeRelationships

The research literature, based primarily on laboratory studies, would suggest the following

relationships between asphalt-aggregate stiffness properties and predicted pavement performance.
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Fatigue Cracking - increasing damage potential with increasing stiffness for pavements with 7

inches or less of asphalt concrete and decreasing damage potential for

pavements with more than 7 inches of asphalt concrete.

Rutting - decreasing damage potential with increasing stiffness.

Low Temperature Cracking - increasing damage with increasing stiffness.

No qualitative relationships have been reported regarding chemical fractions except that these

properties can influence the properties of the asphalt and consequently, influence the properties of

the asphalt-aggregate system to some degree.

Quantitative Relationships

In order to develop quantitative relationships between asphalt aggregate systems and pavement

performance, an effort has been made to locate information from field trials. Table 5.9 from

Monismith et al. (1987) summarizes information reported by investigators in the United States,

Canada, France and South Africa. The specific values of stiffness associated with the various types

of distress are reported to illustrate that such properties can be related to pavement performance.

The confidence interval associated with each value is unknown and can be expected to be relatively

large.

5.4 CONCLUSIONS

1. The source of crude used to produce asphalt does influence the in-service performance and

durability of asphalt and asphaltic mixtures. While not as definitive, the method of refining,

particularly by propane deasphalting, produces asphalts with different properties when compared

with vacuum distillation.

2. Chemical fractions influence the aging characteristics of asphalt and the performance of asphalt-

aggregate systems; however, at the present time the association is more qualitative than

quantitative and depends on the method ofcharacterization. Further, the effect on aging can

be confounded by other factors such as air voids and possibly asphalt content.

3. The in-service rheological properties of asphalt influence the performance of asphalt-concrete

systems; however, at the present time the association is more qualitative than quantitative.
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Asphalt properties, as presently measured, do not lend themselves easily to analytical models

for use in predicting performance.

4. There is a need to use standard or baseline test procedures to measure asphalt properties as

part of field investigations to evaluate the role of asphalt to pavement performance.

5. There is also a need to use a standard or baseline procedure for measuring and recording the

condition of in-service pavements.

6. Information relating asphalt properties to fatigue cracking and rutting is inconclusive; however,

the association with low temperature cracking is more conclusive indicating that asphalt stiffness

and asphalt-aggregate mixture stiffness is related to the occurrence of this type of cracking.

7. A number of analytical methods have been proposed to predict low temperature cracking;

however, the reliability of these programs has not been verified and, in fact, efforts to do so

have not resulted in any consensus as to their applicability.

8. Most of the controlled and uncontrolled projects have included both laboratory and field aging

studies. From the field studies aging can generally be divided into ihree categories: (0 during

construction, (i_ up to 2 years beyond construction and (ii_ after 2 years. The greatest change

in consistency occurs in the construction (mixing) period and decreases to a relatively slow rate

after 2 years.

9. The ability to reproduce in-situ field aging in the laboratory has generally been poor, particularly

as regards the ability to predict long-term aging. Some reasonably good qualitative

comparisons have been reported; however, a shift factor would be required to achieve a

quantitative comparison and, in all probability, such a factor would be dependent on a particular

asphalt, air void content and environment.

10. Based on interpretations of test data from the Ste. Anne Test Road and the Ontario studies, the

critical binder stiffness for low temperature cracking could be 14,000 psi at 1,800 seconds

loading time or 2,000 psi at 20,000 seconds loading time. This wide range is indicative, at least

in part, of the lack of a standard procedure for testing. It is also affected by the method of

analysis used by researchers.

11. The Michigan studies, based on 12 years of observations, concluded that cracking would be
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reducedif the asphaltviscosityat 140OFwas lessthan 12,000 poises. California (Zaca-Wigmore)

indicateda value of 20 megapoise at 77OFand 0.05 sec"1 for 10 percent cracking. This type

of differencein reporting illustratesthe problems associated with not having a baseline for

testingasphalt or reportingperformance.

12. The P.I. (Pfeiffer and van Doormaal) of asphalts at the Ste. Anne Test Road were -1.5

(acceptable performance) and -2.7 (unacceptable performance). However, based on the report

by Puzinauskas (1979), very few asphalts produced in the United States or Canada would have

P.I. values approaching -2.7 (9 of 68 tested).

13. McLeod has concluded that low temperature transverse cracking is likely to occur when the

modulus of stiffness of a pavement reaches 1 million psi at a pavement depth of 2 inches due

to any critical combination of chilling to a low pavement temperature, hardness of the asphalt

cement and other controlling factors. This value is based on Van der Poers nomograph for a

loading time of 20,000 seconds and applies to 'well designed paving mixtures" with a Cv value

of 0.88 (14.5% VMA and 3% air voids). McLeod bases this conclusion on the performance of

the Ontario and Ste. Anne test roads, laboratory studies and his observations of the service

behavior of asphalt pavements in Canada, the USA and Norway.

14. One uncontrolled study (Sisko & Brunstrum 1968) reported a limiting complex modulus, of 20

x 10"4 (dynes/cmz) associatedwith slight crackingand 34 x 10-4 to 410 x 10-4 dynes/cm2 for

severe cracking. Values were normalizedto 10-8 cps at 20°F and tests were made using a

Weissenbergrheogoniometer.This workby Siskoand Brunstrumwas not generallyappreciated

at the time of publication. However,these investigatorswere unique in that they attempted to

relate complex modulus of asphalt to pavement performance.

15. Isolating the role of asphalt or asphalt-aggregate systems is especially difficult for fatigue

cracking because of the strong inter-relationshipsbetweenthis particular type of distressand

pavement thickness,asphaltconcretethickness,asphaltconcretestiffness,temperaturecycles

and potentiallythe watersensitivityof the asphaltconcrete. Laboratorystudiesand mechanistic

analysishavebeen used to relatethese factors. Of particularinterestto A-003A is the indication

that fatigue cracking is related to the stiffness (representativeof a time and temperature

dependent elasticmodulus)of the asphalticmixtureand of the asphaltbinder. This relationship

is also dependent on the method used to measure fatiguecharacteristics,i.e., stresscontrolled

or straincontrolled.
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Finn et al. (1978) summarized a series of case studies designed to evaluate the comparison

between predicted fatigue cracking and observed cracking. The actual investigation was a joint

effort by Monismith and Caltrans (Monismith et al., 1967). The results of this study indicated

that there was a correspondence between observed and predicted performance, although a shift

factor would be required. Similar results were reported by Finn et al. (1977).

Using these concepts, no critical or threshold value could be identified. By using analytical

methods, the designer would be able to predict the design life for a particular section or to

adjust the design to be compatible with asphalt stiffness.

16. Monismith and Tayebali (1988) summarize suggested limiting values of mixture stiffness at

temperatures on the order of 100°F to 104°F (38°C to 40°C) as follows:

Researchers Umlting Stiffness

Viljoen and Meadows 80 MPa (12,000 psi) at t = 100 min. with
(National Institute for confining pressure of 0.2 MPa (30 psi')
Transport and Road Research 1981)

Kronfuss et al. 1984 50 - 60 MPa (7,500-10,000 psi')at t = 60 min. with
confining pressure of 0.1 MPa (15 psi)

Monismith et al. 1987 135 MPa (20,000 psi) at t = 60 min. with
confining pressure of 0.2 MPa (30 psi)

Considering differences in loading time and confining pressure these values, which were

developed independently, are considered to be comparable.

17. Information developed from both controlled and uncontrolled studies have produced valuable

and useful information relative to the influence of asphalt properties to pavement performance.

Individually, these projects have contributed to development of new specifications; e.g., Zaca-

Wigmore and Pennsylvania, and to a better understanding of factors influencing performance,

e.g., Ste. Anne, Montana, Zaca-Wigmore, Pennsylvania, etc. Every project, in a way related to

specific project objectives, has contributed to a better understanding of pavement performance.

However, in order to translate results from field studies to a more national or international basis,

there will need to be baseline tests which can be used for comparison.

18. To date, it was not considered feasible to develop a ranking system for asphalt beyond that

shown in Table 5.1.
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An overall summary of the informationwould suggest that: (i) asphalt properties do influence

pavement performance, and (iO the ability to arrive at a reliable quantitative and consistent

associationbetweenasphaltproperties,asphalt-aggregatepropertiesand pavementperformancehas

not as yet been establishedthrough field studies.
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APPENDIXA

CONTROLLED TEST ROADS

This appendix contains supplementary tables and figures for the test roads discussed in
Chapter 3. They are organized in the same order as the test roads in Chapter 3.
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Table A.I Physical properties of paving grade asphalts at Zaca-
Wigmore. (Hveem et al. 1959)
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H .......... _8|_eeial provi- t 4_._ 430 227 20 73 2_-30 100+ 10t 00.9 020 J 004 070 I 48.5
H.I ....... j talon 2 480 415 211 29 73 25-30 100+ I00 09.9 .0.29 [ 83.`5 1.05 J 4`5.1

l.t ......... Noapecificatim, 2 470 440 204 36 65 36-40 1004- 102 g0.9 0.2`5 [ 81.6 1.00 II 39.,5

' .......... [ 81"¢'1'' ')FUrl".|on | _00 I 49`5 24_ _2 |,9 2_.30 , 01_4- 101 00.9 0.,1 I 9,.0. 0._ i 5:_.3

• CDI! Mmh.rlml, Mo.usl, Vol. 1, Te*t Method &17.
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Table A.2 Characteristics of asphalt binders used in Ste. Anne

mixes. (Burgess et al. 1971)

Characteristics LVA HVA LVA
150- 200 150- 200 300-400

PENETRATION

At 77 F, I00 g, 5 sec 192 159 313
At 39.2 F, 100 g, 5 sec 10 14 14
At 39.2 F, 200 g, 60 sec 38 55 52

VISCOSITY

At 275 F, cs 110 225 86
At 140 F, Poises 253 591 141
At 60 F, Poises at 0.05 sec -1 3.0 × 106 3.0 × 106 1.5 x 106
At 39.2 F, Poises at 0.05 sec "1 1.4 x 108 6.2 x 107 5.9 x 107

Softening Point, F, R & B 119 109 119
Ductility at 77 F, cm 44 150+ 27

Lewis Thin Fihn

Loss on lleating, % Wt 0.073 0.40 0.10
% Retained Pen., at 77 F 44.1 47.0 44.3
Ductility at 77 F, em 88 150+ 53
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Table A.3 Calculation of thermally induced stress values for

150-200 LVA field aged Ste. Anne Binder.
(Burgess et al. 1971)

T, C AT, C Sbl t kl_cm ?" ArT H x 10.3 Ao.l-t! k|/cm ?" i_--JaTHkl_cnt P, ar_r k([/cm 2

0
S 3 1 .003

-S .00.1 J
S 1.2 x 101 1 ,012

-10 .01S 1S
S 4.3 x 103 1 .043

-16 .058 33
S 1.9 x 10 z 1 .10

-20 .248 S2
s 7.0 x 10 z 1 .7

-;L5 .948 47
S 1.8 x 103 1 1.8

-30 2.'/48 41
S 4.2 x 103 1 4.2

-35 8.948 39
s 8.5 x 10.3 1 8.5

-40 15.448 38
s 13.0 x 10 _ 1 13

-4S 28.448 37
S

*SO IS,0 x 103 1 IS 43.448 38

Sl_t 'j ObUtined by Nomolrraph, Reference (9), at i/2.hour Ioadlnl_ Ume.
JSir.THu b'l' xo - SX2X|0 "4 m IX10-$

AOTH • ACTH x _ott
0nr " After Heukelom, Reference (11)

CooUnlrrate 10 C/Hour.
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Table A.14 Broad chemical composition of bitumens recovered from
the French RN7 road trial. (Chipperfield et al. 19703

Basalt Coarse Graded Mix Quartzite Coarse Oraded Mix
Constr_ctlon/Servl ce

Bitumer Stage at which Broad Chemical Composition
No. Bitumen Sample

was Recovered IAsphaltenee Resins Cycl Its Saturates Asphal tenes Resins Cycl lcs Seturatea
% wt % wt % wt % wt % wt % wt i(wt % wt

I Original bitumen It.7 17.9 54.6 II .0 It.7 17.9 54.6, I1.0

After mixing 17.1 1_.8 ;;I.I 11.2 18.0 _0.5 _.9 11.2

4 Months core sample D0,6 28,9 )5.2 12;5 16,7 >t,6 30.) 14.7

_0 Months core sample 22._ 29.9 28.8 16.0 ; - - I i_II.3)46 Months core sample 22.8 30.6 24.7 18.8 22.8 _19.33 )5.0 (_9.33 24.3 (34.9)!16.0
72 Months core sample 20.4 (19.53 29.0 (28.)) 27.6 (35.7) 17.7 (II.6) 21.7 (19.3) P8.4 (30.5) 22.1 (_9.81 19.1 (II.2)

2 Original bitumen II.) _0.8 54.0 13.8 11. 3 _0.8 54.0 13.8

After mixing I_.3 29.7 _.P. 14.tl 14.5 33.4 34.8 It.O
4 Months core sample 19.6 )1.3 )1.7 It.O 16.7 )4.6 30. 3 14.7

j20 Months core sample 19._ 31.4 28.8 16.9
_0 Months CO.... ple 20.1 51.5 29.1 16.1 19.1 (1).6) _t_.6 (31._) 26.3 (_.0) 16.6 (14._)'
72 Months core sample 17.0 (13.03)0.6 (26.2) 28.5 (41.5) 17.7 (14.8) 19.I (13.53 31.0 (29.0) 25.6 (38.6) 18.6 (14.43

3 Orlglnal bitumen 11.6 18.8 55.8 12.0 11.6 18.8 55.8 12.0

After mixing 13.) 28.3 42.6 11.6 14.7 31,3 39.0 11.6
4 Months core sample 16.8 )1.) _.) 1.3.7 -

_0 Months core sample 19.8 )1.8 27.8 17.2 -

Monthscorcsaampl,_.2 )_.l 26.5 17.o _.2 (14.53_.8(_.2327.0(_.4312.1(11.43
72 Months core sample)f6.9 (15.63))5.0 ()0.0) 29.8 (37.43 13,8 (12.0) 19.5 (13.63)_.8 (30.I) 26.9 (39.63 13.7 (II.3)

4 Original bitumen 12.4 19.2 50,4 15.8 12.4 19.2 50." 15.8

After mlxlng 14.5 25.8 39.1 15.5 15.9 _0.4 _5.4 15.1
4 Months core sample 17.7 _0.8 )l.1 17.9 17.6 _.8 _9.0 17.4

Months core sample 19.9 _0.6 25.5 21.0 -
bO MOnths _.oresample 21.0 28.8 24.9 22.4 21.4 (I_.23 31.7 (36.2) 23.4 (33.03 19.9 (14.0)

72 Months core sample 17.8 (16.83 27.8 (27.5) 25.0 (25.61 23.) (16.23 (13.6) - (29.43 (35.8) (16.1)

5 Original bitumen 14.6 16.3 54.1 13.3 14.6 16.3 54.1 13.3
After mixing 16.3 23.1 41.7 14.3 16.7 27.0 _.9 14.2

4 Months core sample! 19.2 26.7 36.0 15.1 19.5 27.1 _.6 14.9
_0 Months core sample 21.0 29.0 29.8 17.2

_nth,_re,_pl,22.7 26.0 _.4 17.8 121.5_16.8>2_.5_27.7)2_.S_.73_8._i14.43
72 Months core sample 18,_ (15.73 25.} {22,73)).) (41.43 18,6 (14.23)I.3 (1_.0) 2_.6 (22.6))_.2 (140.63L)O.I(14.23

7 Original bltum_n 11.9 22.4 _6.9 17.9 II.9 22.4 %6.9 17.9

After mixing 13.9 30.4 _.4 16.9 15.1 33.0 31.2 17.3
Months core sample 19.6 31.9 27.6 17.3 16.9 34.8 27.0 18.0

L_OMonths core sample 19.9 3_.) 23.9 21.4 - - - -

_0 Months core sample 21.4 _9.6 25.0 21.1 19.2 (16._) 33.8 (3_.4) _2.7 (30.9) 90.8 (i?.3)
77 Months core sample 17.7 (15.13 _8.6 (_9.6',24.3 (31.9) 2_.6 (17.23 19.1 (15.6))0.7 (_0.6) _0.6 (>).5) 21.8 (17.2)

8 Original bitumen 13.5 17.9 52.3 15. I 13.5 17.9 52.3 15.1

After mixing 15.5 _5.9 39.8 14._ 16.7 27.3 37.t 15.0
Months core sample 18.5 _).5 31.6 17.3 18.6 33.1 29.8 16.1

_0 Months core sample 20. 3 28.5 28.1 19.9 .
,_Month,co,....pla 2_4 2_S _4 214 191(160)_3(_9_;_77(379;_9o(i_>
72 Months core sample IR.2 (16.6) 26.0 (26.1) 28.6 (37.031_I.0 (15._) tq.6 (16.03 26.4 (?-5.0126.5 (37.R) _0.5 (15.23

9 Original bitumen 11.4 19.8 48.5 19.4 11.4 19.8 _8.5 19.4

After mixing 13.7 _6.9 3%6 19.5 13.9 31.1 )3.5 19.1

: 4 Months core sample 16.9 30.7 30.7 19.6 16.3 31.2 28.8 _0.4
Months core sample 18.8 ."O.o _.7 21.4 - - - -

_0 Months core sample 20.2 30.5 23.8 21.8 18.2 {13.3) 31.9 (28.2' 2b.2 (57.33)_.6 (19.53

72 Months core sample 16.5 (I).8) 29.9 (26.1 2".7 ()_.8) 22. t (19.33 16.6 (13.3) 27.5 (26.1)k25.8 (])6.8)2b.9 (19.8)

Note: Bitumens extracted from optimum binder content test sections - top _ Inch of cores

Values in brackets refer to third _ inch of cores
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Table A.15 Comparison of laboratory aging with field values

measured on the RN7 coarse graded basalt mixes.

(Chlpperfield & Duthie 1970)

Broad' Chemical Composition - % wt Ageing
Bitumen Sample

No. Asphaltenes Resins Cyclics Saturates Index

1 Original bitumen 14.7 17.9 5/1.6 11.0 1
After mixing 17.1 25.8 41.1 11.2 3.2

4 Months core sample 20.6 28.9 35.2 12.5 9.1
TFOT residue 16.6 23.6 46.6 ii.0 3.3

Californian Rolling TFOT residue 16.2 21.9 /17.1 ll.I; 2.t

2 Original bitumen 11.3 20.8 54.0 13.8 1
After mixing 13.3 29.7 38.2 ij4.4 2.5

I1 Months core sample 19.6 31.3 31.7 iJI.O Ji.g
TFOT residue 12.5 2F_.9 112.2 13.8 3.3

Californian Rolling TFOT residue ii.i 25.2 /13.8 i_I.I 2.8

3 Original bitumen 11.6 18.8 55.8 12.0 1

After mixing 13.3 28.3 /12.6 11.6 a.6
4 Months core sample 16.8 31.3 35.3 13.7 7.9
TK)T residue 13.3 25.8 45.2 11.3 6.9

Californian Rolling TFOT residue 12.6 22.2 119.7 12.2 _.0

4 Original bitumen 12. h 19.2 50./1 15.8 i
After mixing i_.5 25.8 39.1 15.5 _.3

/1 Months core sample 17.7 30.8 31.1 17.9 7.4
TFOT residue 15.0 26.1 39.5 15.9 JI.6

Californian Rolling TFOT residue la.0 24.0 43.1 16.3 3.6
. ,=

5 Original bitumen 14.6 16.3 511.1 13.3 I

After mixing 16.3 23.1 41.7 14.3 2.2
4 Months core sample 19.2 26.7 36.0 15.1 6.0
T]q)T residue 15.9 23.0 115.1 13.9 3.6

Californian Rolling TFOT residue 16.0 20.0 117.6 II_.6 3.6

7 Original bitumen 11.9 22.11 /16.9 17.9 1

After mixing 13.9 30.11 ]P_.4 16.9 3.7
4 Months core sample 19.6 31.9 27.6 17.3 i0.0
TFOT residue 111.5 27./1 37.3 17.0 8. 3

Californian Rolling TFOT residue 13.7 23-7 42.6 18.11 5.2

8 Original bitumen 13.5 17.9 52.3 15.1 i
After mixing 15.5 25.9 39.8 i/1._ 3.2

I1 Months core sample 18.5 29.5 31.6 17.3 6.5
TFDT residue 16.5 25.2 111.5 111.8 6.3

Californian Rollfn_ TFOT residue 15.8 23.7 43.3 15. 11 4.0

9 Original bitumen ii._! 19.8 48.5 19. t 1
After mixing 13.7 26.9 35.6 19.5 2.2

4 Months core sample 16.9 30.7 30.7 19.6 6.2
TFOT residue 13.2 27.5 37.0 19.6 4.0

Californian Rolling TFOT residue 12.8 25.5 _'_.II 20.6 3.0
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Table A.16 Asphalt cement tests and calculated temperature susceptabilities of

original asphalts in the Michigan test road. (Parr et al. 1955)

.......oo....oooo***o.oo***oooo..oo.oo......oo.oo.o**o.oooooooooooo.........ooooo**oo.o.oo***o.....oo.........o...............

section I 1 I z I 3 I 4 I s I 6
Source of crude I Uyomlng J Venezuelan [ t_yomlng Jlsxss-Ulnkierj Ark_eJs [ flit Texas

A I I I [ [ S_ckovsr J Tolco
.°o... ........ ................................................. .... oo.oo.oooo ...... ..oo.o .... ..o.... ............ oo° ...... ...

Lsbor*tory Xo. 5¢1 _ 1716 I 16/,0 I 1641 [ 1&85 ] I¢¢3 I 1299

course I Top I Top I 1up I lop I 1up I Tup
........... .**=........ ...... .°°.°....o....oo.. ........ o...°°o.....o°.o.. ....... °..o.o.°o.. .... ... .... .. .......... . .........

Specific 6rsvlty, 25/25 C J 1.02}' _ 1.036 ] 1.02;' ] !.012 J !.022 _ 1.032
.o. ........ . ...... _oo..oo° .... ......,.............. .......... o. .... ....°oo ..... o°°.oo...o.. ..... .°..o. ...... ..... ...........

Penetration J J 1 ] I [

GI 15 C, lOOg, 5 sac., cJns ] 22 1 21 J 22 I 23 J 21 ] 23
a 25 c, 1000, 5 set., d,,s I 63 J 6o I 61 I 60 J 61 I 65

o ]5 c, looo. 5 sac., d.= I 1_ I 15¢ [ I06 l 151 I I¢¢ I I¢1
o c, zoos, 60 sac., d_ I 16 I 16 ] IJ i 15 ] t_ i _9

a ¢ c, 200g, 60 sac., d,= l Zl l 21 i ZO ] 2¢ I Zl l 26
.... • ....oo.o...o.o ....... ************************************** .................. .... ....... .o .... **.. .......... . ........ ..

Viscosity, Ssybo|t furor ;) 275 F, sac. J 192.0 J 313 ] 19T.& J 217 J 276 [ 337
Viscosity, seyL,olt Furol a 300 F, set. I 1el.& ] 169.6 J 105.O ] 128.O I 150.0 I 172.0

Viscosity, Seybolt Furor a 325 I, sac. ] 61.0 J IOO.0 I 61.O I A3"0 [ 91.0 _ 93.0
........... ......o. ....... . ....... =..... o...°.°.**.o....o. ..... ......***... ...... ....***....o°..-° ....... °o° ............. ...i

Ouctlllty g /. C (5 cm/mln) cm 0 I 0 5 5 5

DuctiLity ;J 10 C (5 cm/mln) ¢m 16 25 I¢ 10 12 8

Puerility a 15.6 C (5 cm/mln) cm 150, 150, 150. 150. 150, 77
Ductility a 20 C (5 cm/m|n) cm 150* 150. 150* 150, 1,50* 150.

I)LJ:tlllty ;J 25 C (,5 cn@mln) cm 150. 1,50. 1,50. 1,50. 1,50. 150,

Ductility g 30 C (5 cm/mln) cn I¢0 150. 1¢2 150, 150* I$0*
................................................... • ......... ° .......... o....**o. .......... o..... o..........................

Penetration Index (pe;_/pen) ] *0.90 I -0.$2 I -0.89 I -0.59 J *0.99 I -0.26

Ipen/..) I -0.93 I -0.3z I -0.99 I -o.zr I .0.6r I o.¢z
.... • °.o .... .......°.**...o .o.**.°.**...o..°. .... ......o......°**.o.o..o....... o..°**.-.°- ..... ...oo... ....... . .............

ri*sh Polnl, Cilvelend Open Cup, clog. C J 320 J 202 I 326 J 316 I .156 J 300

Loss c_ Heating, 163 C, 5 hr., Sag, X I 0.OI8 J 0.002 I 0.110 ] 0.O¢2 J *O.OCA [ 0.018

Penetration of residue 25 C, 100g, is, cknu J 56 I St* [ 6Z _ 56 _ 56 J 59

Softening Point R L II, dog. C _ ¢8.9 I 51.8 ] /,8.1 J 50.7 I /,9.0 J 51.2
.................................... • oo.°o ..... . ...... .. ............. ..o.°..°°..o ...... ° ...... . ......... °o=. ................

Solubility in cortxm tetratchtorlde. X _ 99.99 I 99.9}' I 99.9_ J 99.82 I 99.88 I 99.99

Otiensls Spot lest [ Nag. J Ncg. [ Nag. I Nag. _ Nag. [ Xeg.
Mutter InsolubLe in hexers, X I 17.25 [ 21.¢¢ [ 17.¢3 J 15.50 J 15.3,5 J 21.9¢
................ . ...... **..o....**o...o..o.o°o°.....° .... ° ...... . ......... . ...... . ..........................................

0.125'* 1him film method.

Loss an heating ;I 163 C, 1 br, 50g, 1[ 0.019 0.006 0.08 ;) 0.05¢ *0.02| 0.009

Pen. of reslckJe 0 25 C, 100g, 5 scc, dim 5¢ 5(, 55 52 5e, S5

DuctiLity of r¢slclue ;) 25 C, $ cm/mln, cm 150* 150* 15Ot 150* 1,50. !`50*
0.125" lhlrt film method.

Loss on heating _ 163 C, 3 hr|, SOs, 1[ *0.0|0 0.057 0.073 0.052 *0.056 *0.004

Pen. of residue ;) ;)5 C, |0aS, 5 sac, dmm ¢7 /,S ¢5 /.6 &5 53
Ductility of residue a 2`5 C, 5 cm/mln, cm 150. 150* 1500 1`50* 1500 120

0.11,5" Thin film method.

Loss on hosting ;) 163 C, 5 hrs. 50g, 1[ 0.021 0.131) 0.079 0.091 *0.092 0.016

Pen. of residue ;i 25 C, 100g, 5 sac, dmm 36 30 ¢0 ¢2 39 /,5

Ductility of residue 0 25 C, 5 cm/min, cm 150. 150, 150* 150* 150, 77
0.125" lhin film method.

LOll On hosting ;I 163 C, 7 hrs, sag, 1[ 0.026 0.1/,2 0.025 0.050 .0.105 0.05¢

Pen. of residue _ 25 C, 1000, 5 sac, dms 31 3¢ 3¢ 38 35 37

Ductility of residue ;I 25 C, 5 cm/min, cm 1500 150. 150* 150. 111 33
0.125" Thin fllmmethod.

LOSSon hcaling ;J 163 C, 2/, hrs, 50g, X 0.0¢8 1.5/,I .0.O_6 0.11/, *0.239 0.151

Pen. of reeick_ g 25 C, 10as, 5 sac, 6um 16 16 I}' 22 21 22
Ductility of reslckJe a 25 C, 5 ¢m/min, cm 6 ¢ 6 7 6 /,

......................... . ..... 0o... ........... . ...... oo0..0 .............. 0o0.ooo.o .... o0.o.oo.°0..0.00..o* ............ . ....

Hast Stability Tesl, lOOg, $00 F, 2 hrs ]

Per_tration a 25 C, 100g, S sac, c:lmm 58 57 &6 63 56 [ 81
Viscosity, Seytoott rural 0 275 ;, sac 215 337 205 192.0 26/, ] 333

Viscosity, Soy'eelS furol 0 325 F, sac 64.0 108.0 61./, 58.6 M.2 t 109.0

Xcst St*bltity lest, 1009, 600 Ir, 2 hrs ]
Penetrstion ;I 25 C, 1OOg, 5 sac, dmm 62 65 70 98 65 ] 61

Viscosity, S*ybolt rural ;I 273 F. ice 206 321 166.2 151.6 266 [ 316
Viscosity, SayS>oft fUrOJ a 325 f. SiS 70.0 IO3.0 57.6 S0.O 71.5 [ 95.0

............... . ............... * .... o.o. ...... . .... .* ...... 0°.*0o. .......... * ......... 0*°. ..... 00o.0.0. ..... ° ........... 0..*

IShet tuck le*t I I I I l I
I Penetration ;I 25 C. lOOg, $ sac, dram I 29 I 28 l 29 I 38 I 3¢ I 36
| DuctiLity a 25 c, 5 cnVmin, cm _ 136, I 69 1 150. I 1,50. J 137 I 26
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Table A.17 Asphalt cement tests and calculated temperature susceptibilities of

recovered asphalts in the Michigan test road. (Serafin et al. 1967)

............ o .... °.o°°°°o°°_o°o°°o°° ....... °°°°°°°°. .... °..... °....... °°.°°°°°°°°°°°°.°o°o ...... °°°°° ............ ° ...... °.°°°°

section I t t z I 3 I ¢ [ s I 6
Source of crude I Vycming J Yenezuetan J Wyoming ITexee-Wir_terJ ArKansas ) East Texas

I A I I m I I Smlckover I Tatco
........................ ° .................. ° ......................... °o ...... o° ...... . ......................................

Alter 4 years: I I I I I I
Pe*_etratl_ I I I I I I

a 2sc, 1oog,s ,ee., _, I ¢o I 31 I 36 I 38 I 41 I 34
Ductility I I I I I I

a 25 C(Scm/mln)cm I 150. I 150. [ 150. I 1_2 I 150. I 65
....... ..... ......... . .... . ............ ..o° ............. ........... ...................... ... ........... . ....................

After 11 years: I J I J J J

Penet rat icm I I I I I I
a 2SC. IOOg,S ._., cl_ I 31 I 26 I 30 I 32 I 3S I 29

_¢tltlty I I I I I I
a Z$ C($cm/m|n)cm I 150. I 136 I 15o. I 1on I 138 I 33
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Table A.18 Summary of rut depth measurements in the Michigan

test. (Serafin et al. 1967)

I I
I , I Average Rut Depth for Subsection Indicated, in.

_ heel _

Right 0.16 0.08 0.14 0.16 0.20 0.21 0.14 0.18 0.19 0.15 0.13 0.181
Left 0.II 0.05 0.15 0.16 0.20" 0.15 0.22 0.15 •0.10 0.12 0.ii 0,11

Hight 0.03 0.02 0.05 0.06 0.03 0.05 0.09 0.06 0.03 0.06 0.05 0.032
Lc[t 0.07 0.0,I 0.09 0,03 0.04 0.08 0.12 0.09 0.07 0.09 0.09 0.06

l.cft 0.01 0.03 0.03 0.05 0.04 0.06 0.0'1 0.04 0.04. 0.05 0.05 0.03
3

Ilight 0.02 O. O1 0.03 0.03 0.07 0.05 0.05 0.02 0.03 0.06 0.03 0.06

l,eft 0.16 0.21 0.13 0. II 0.07 0.17 0.28 0.15 0.18 0.38 0.16 0.23
4

]light 0. 19 0.19 0.28 0.22 0.19 0.27 0.36 0.21 0.23 0.2,1 0.17 0.22
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Table A.19 Physical properties of original and recovered samples in Michigan.
(Corbett & Merz 1975)

Section

Sample Property i 2 3 4 5 6

Orlgtnzl Softening point, deg F 126 124 124 125 125 126
Penetration at 77 F 46 52 48 49 51 49
DucUitty at 60 F, cm 150. 150. 150, 67 16 27
Viscosity at 140 F', poises 3,880 5,310 3,290 4,480 0,410 7,740

Recovered, top t/.-In. Softening point, deg F 136 150 140 147 147 165
Penetration at 77 F 26 19 23 23 23 19
DuctiLity at 77 F, em 150, 7 150. 6 7 5
DuctlUty at 60 F, cm 5 0.5 4.5 -- 3 2.5

Recovered, '/4-1n. minus Softening point, deg F 129 136 133 135 138 147
]Penetration at 77 F 37 34 36 35 36 32
Ductility at 77 F, em 150, 150, 150, 150. 150_ 40
Ductility at 60 F, cm 8 8.5 8.5 6.5 6 4.5
Absolute viscosity at 140 F,

poises 7,320 17,041 7,752 9,705 11,787 34,414

Note: I in.- 25 ram; | F - 1.8 C ' 32; | po;'_e" 0.1 Ps.$.

• 1965dsts.
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Table A.20 Compositional analysis of original and recovered asphalts in

Michigan. (Corbett & Merz 1975)

Section

Sample Fraction I 2 3 4 5 6

Original Saturates 9.8 6.0 8.6 13.9 7.9 8.6
Napl, thene aromaUcs 32.5 28.8 32.6 31.3 42.0 38.7
Polar aromatics 41.7 45. l 46.7 40.9 36.5 32.4
Asphallenes 16.0 19.2 12.0 12.8 13.3 19.7

Recovered, top '/,-in. Saturates 9.8 7. l 9.7 15.7 9.6 9.9
Nar,ht,henearomatics 25.9 20.7 25.9 .22.7 28.4 24.2
Polar aromatics 43.9 43.8 41.2 40.5 40.5 35.2
Asphaltenes 19.3 27.7 19.4 20.3 20.'/ 28.8

Recovered, I/4-in. minus Saturates 8.9 5.7 8.8 13.7 7.8 8.7
Naphthene aromatics 34.6 28.9 35.5 30.4 32.7 35.0
Polar aromatics 39.5 40.4 40.1 40.3 43.4 31.5
Asphaltenes 16.9 22.8 15.6 15.0 15.9 24.7

Nole 1 _n. - _5 ram.
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Table A.21 Inspection data on original 85/100 penetration asphalt
cements used for Ontario's three 1960 test roads.

(McLeod 1972)

Supplier Number 1 2 3

Flash Point CO(: F. 5585 55255 615

Softening Point fl and B, F. 115 1155 119

Penetration 100 j_r. 55see. 77 F. R3 90 87
200 I_r. 60 _('c. 39.2 F. 255 36 22
200 _r. 60 nec. 32 F. 22 26 ]9

Penetration Ratio 30.2 3"/.55 255.3

Ductility at 77 F., ,5cm/min 1,50+ 1550;- 128

Viscosity Centtstokes at 2755F. 460 3655 210
CentJstokes at 2 10 F. 39553 2763 1472

Thin Film Oven Test

% loss by weight 0.1 0.3 0.0
Residue
% Orltzlnal Penetration at TT F. 557.55 60.4 GI.O
Ductility at 7T F_ 55cm/mln 1550+ II0 1155

Solubility in n-hexane
'_ asl_hattene._ t9.'_ 24// IB.B

Penetration Index

(Pfelffer a.d Van Doormaal) -i.00 -0.557 -0.2 1

Pen-vis number -0.19 -0.36 - 1.34
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Table A.22 Analysis of surface course pavement samples from the
three pavement sections in each of Ontario's three

test roads. (McLeod 1972)

Test Road 1 2 2

Asphalt Supplier I 2 3 I 2 3 I 2 3

Recovered A._._re_,xte
Passmg Sieve 3/4 inch |OO 100 100 100 100 100 100 100 100

I/2 inch 97.7 97.3 98.2 99.6 98.1 98.6 98.2 97.2 96.1
3/8 inch 78.7 80.9 81,3 88.1 85.0 83.3 79.8 80.4 79.3
No. 4 55,9 59.3 57.6 57,9 59.3 59.1 57.0 56.1 57.6
No. 8 47.6 44.8 49.2 47.5 47.0 46.3 47.6 46.1 47,9
No. 16 41.4 39.9 43.5 40.8 39.2 37.0 38.7 37.0 39.8
No. 30 32.7 31.I 36.1 31.3 28.9 27.1- 25.1 24.4 27.8
No. 50 170 17.2 20.7 14.0 13.0 11.9 10.0 10.9 12.0
No. 100 73 7.I 8.7 5.8 5.8 5.3 5.7 6.0 5.4
No. 200 4.9 4.5 5.7 3.7 4.0 3.7 4.3 4.4 3.6

Sl)ccific Gravity Aggregate
ASTM BulJ< 2.652 2.653 2.652 2.681 2.680 2.682 2.627 2,627 2.627
ASTM App_trent 2.746 2,764 2.762 2.775 2.775 2.775 2.728 2.727 2.728
Vir tu;_,l 2.712 2.721 2.684 2,725 2.706 2.697 2.680 2.685 2.681

Asph;Llt Absorption 0.84 0.94 0.46 0.60 0.36 0.23 0.75 0,82 0.77
W:tter Absorption. Wt. % 1.3 1.5 1.5 1.3 1.27 1.26 1.4 1.4 1.4

Cllar;tcteristics

AsphaltContent _ by wt. of mix 5.63 5,91 9.60 6.45 6.15 6.0 6.17 6.63 6,02
M.txlmum S|_cifIc Gravity 2.474 2.470 2.464 2.452 2.449 2,448 2.428 2.452 2.435
B,Ik Specific Gravity. Sl_bs 2.394 2.406 2.384 2.421 2.380 2.400 2.335 2.392 2.381
Dolk Sl_cific Gr_ivity. Recompacted 2.438 2.421 2.434 2.420 2.433 2.423 2.387 2.393 2.411
Percentatr.e of Lab_ratory Density 98.2 99.4 97.9 100.0 97.8 99.1 97.8 100.0 98.8
Air Voids. Slabs. '_ 3.2 2.6 3.2 1.3 2.8 2.0 3.8 2.4 2.2
Air Voids. Recomp:mted. % 1.5 2.0 1.2 1.3 0.6 0.9 1.8 2.4 1.0
Voids, Mmer:d At:gret._atc. Recomp.'xcted'_ 13.2 14.1 13.3 15.6 14.8 15.1 14.9 14.0 13.7
M;=rshaH St:lbihty. Lb. at 140 F. 3400 3300 3150 2185 2800 2500 2475 2475 2625
Marsh;xllFlow Index 14 II 13 13 14 11 11 II ll.5
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Table A.23 Analysis of asphalt binders recovered from surface
course of Ontario test road i. (HcLeod 1972)

Asph;dt Supl)|ter 1 2 3

Minus Full Top I/4 in. Mt,us Full Top 1/4 In. _,ttnus Full
Description Top 1/4 In. Top 1/4 in. Thickness Top 1/4 in. Thickness Top 1/4 m. Thickness

Penetration

100 I_.. 5 see.. 77 F. 22 30 23 34 30 26 31 28.5
200 g.. 60 see., 39.2 F. 10.5 13.5 14 21 17.5 13 15.5 14

Penetr:ttiun Ratio 47.7 45.0 60.9 61.8 50.3 50.0 .50.0 49. |

Ductility. 6 cm/nlin/'17 F. 148 150- 21 71 $1 l0 20 15

Viscosity
Poises at 140 F. 20.757 10.235 29,004 9,144 15,369 13.705 1'.252 8,452
Centlstokes at 275 F. 1.092 770 1.036 654 799 504 409 431

Table A.24 Analysis of asphalt binders recovered from surface

course of Ontario test road 2. (McLeod 1972)

AsphaltSupplier I 2 3

Less Full Top I/4 in. Loss Full Less Full
Description Top I/4 in. Top 71 16 in. Thickness Top 7/16 in. Thickness Top 1/4 in. Top 7/16 m. Thickness

Penetration

100 g., S see.. 7"7F. 30 ,51 44.5 37 37 34 33 40.5 3,5
200 g.. 60 see., 39.2 F. 16 23 20,5 14 18 16 17.5 20 18

Penetration Ratio 53.3 45.1 46.1 51.9 48.6 41.0 ,53.0 49.4 ,51.4

Ductility, 5 cnt/'min/77 F. 150+ 150+ 150+ 37 99 107 23 69 ,51

Viscosity

Poises at 140 F. 9,791 3,609 4,446 19,666 7,988 11,368 6.947 3.341 ,5,303
Centistokes at 2?5 F. 8l,5 589 631 949 659 733 435 334 3";0

Table A.25 Analysis of asphalt binders recovered from surface
course Ontario test road 3. (McLeod 1972)

AsphaltSupplier I 2 3

Minus Full J.hnus Full
Minus Full Top 1/4 In. Top l/4 in.D_scription Top 1/4 in. Top 1/4 in. Thickness Top 1/4 in, Thickness Top 1/4 In, Thickness

Penetration

100 g., 5 see., 7"/ F. 32 43 38.5 26 52 40 30 3"/ 35
200 t_., 60 see., 39.2 F. 1`5 18.`5 16.5 1`5 26 22 14 16.`5 15

Penetration Ratio 46.9 43.0 42.9 5T.T ,50.0 ,55.0 46.T 44.6 42.9

Duct/IRy, 5 cn*/min/77 F. 150+ 150+ 1,50+ 42 1,50+ 141 17 46 36

Viscosity
Poises at 140 F. 8,045 4,838 6,16,5 17,6'/3 3,652 8,081 9,691 4,059 4.646
Centistokes at 2"/5 F. 788 ,597 695 884 481 640 439 339 3"/1
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Table A.26 Average penetration at 77°F, 100g., 5 sec. at
Saskatchewan test road. (Culley 1969)

Truck Road @ 12 Road @ 12
Rdfinery Tax_k Line Truck Paver Road _ 0 Road _ 12

Tank Road @ 0 Tal_

1 (9-9) 147 145 llq 109 112 72 0.80 0.64 0.49

I (i0-7) 157 152 Ii0 99 86 73 0.70 0.85 0.46
3 177 --- 124 130 132 82 0.q0 0.62 0.46

4 149 147 86 92 94 94 0.58 0.79 0.50

5 138 139 89 94 90 66 0.64 0.73 0.48

Average Penetrationat 39.2 F, 200 g., 60 sec.

1 (9-9) 42 42 34 32 33 24 0.81 0.73 0.5q

1 (10-7) 41 41 34 30 28 18 0.83 0.64 0.44
3 60 -- 42 44 44 29 0.70 0.66 0.48
4 44 43 30 31 33 20 0.68 0.61 0.45

5 50 41 28 29 28 22 0.56 0.79 0.44
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Table A.27 Average viscosities at 60°F (Poises) in Saskatchewan.

(Culley 1969)

Truck Road @ 12 Road @ 12Refinery Tank Line Truck Paver Road @ 0 Road @ 12
T,-mk Road @ 0 Tank

1 (9-9) 4.7'<106 4.1x106 7.3×106 8.4x106 7.6×106 15.9×106 1.55 2.09 3.39
1 (10-7) 5.3 5.2 7.4 8.2 8.5 18.9 1.40 2.22 3.56

3 2.6 --- 6.4 6.2 5.7 17.6 2.46 3.09 6.79
4 3.9 4.5 11.8 13.6 11.8 15.8 2.81 1.34 4.05
5 7.3 5.4 15.2 10.7 11.7 19.3 2.37 1.65 2.65

Average Viscosities at 140 F

1 (9-9) 614 621 951 975 945 2232 1.55 2.29 3.62
1 (10-7} 640 673 1021 1016 1019 2007 1.60 1.98 3.14

3 731 --- 1297 1173 1153 2291 1.76 1.98 3.12
4 641 617 1487 1326 1315 2005 2.31 1.53 3.12
5 754 728 1335 1319 1270 2135 1.77 1.68 2.82

Average Viscosities at 275 F

1 (9-9) 2.30 2.31 2.72 2.77 2.77 --- 1.18 ......
1 (10-7) 2.29 2.30 2.77 2.77 2.83 --- 1.21 ......

3 2,60 --- 3.15 3.06 3.02 --- 1.21 ......
4 2.26 2.35 3.25 3.11 3.15 --- 1.44 ......
5 2.33 2.31 3.06 2.89 2.97 - -- 1.31 ......
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Table A.28 Average temperature susceptibility and shear

susceptibility data for Saskatchewan test road.

(Culley 1969)

Refinery Tank Truck Road @ 0 Road @ 12

Pen @ 39.2 F
x i00

Pen @ 77 F

I (9-9) 29 30 29 34

1 (10- 7) 27 31 34 25
3 34 34 33 35
4 29 34 34 28
5 36 32 32 33

Ch,'m_e in Viscosity
Change in Temperature

1 (9-9) 1.03 0.98 0.99 0.90
1 (19-7) 1.03 0.97 0.98 0.93

3 0.95 0.93 0.94 0.91
4 1.01 0.95 0.97 0.92
5 1.02 0.98 0.97 0.92

Change in Viscosity with Ch,'mge in Shear Rate
from 0.01 sec'l to 0.10 sec'l

1 (9-9) 0.8×106 poises 4.9x106 4.0x106 10.8×106
1 (10-7) 1.6 3.1 4.3 19.0

3 0.3 2.2 2.4 14.2
4 1.0 10.4 9.7 14.3
5 3.5 15.3 9.0 17.8

A-34



Table A.29 Pavement project locations in Iowa. (Lee 1973)

Humber County Location Project Numt_r Date Laid

i Chickasaw On US-63 north of New llampton FN-63-8(i)-20-19 Nov. 1967
2 Dickinson On Iowa 327 from Iowa 276 east and FN-327-1(I)-21-30 Oct. 1967

north

3 llarrlson On US-75 out of Mo. Valley, north Into FN-75-2(3)-21-43 Nov. 1967
Mondamin

4 Story-Polk On US-69 between Iluxley and Ankeny FN-69-5(2) Oct. 1967
6 Monona On US-75 from Ilarrlsnn Co. line FN-3(2)-21-67 April 1968

north Into Ottawa 11 ml.

7 13remer On Iowa 3 FN-3-6(5)-21-09 May 1968
8 Keokuk On Iowa 92 from Sl_ornr, y end FN-92-9(2)-21-54 May 1968
9 Jackson On US-52 north of Maquoketa FN-52-1(3)-21-49 June 1968

Table A.30 Characteristics of field pavement mixtures in Iowa.
(Lee 1973)

A_,q_halt

Characteristic I 2 3 4 6 7 8 9

Gradation, percent passlnlc sieve
_/4in. 100 I00
'_ in. 94
=_ In. IO0 10O I00 100 77 I00 lO0 7R
No. 4 R1 89 92 76 60 85 AS 62
No. 8 (C2 67 59 59 43 67 63 49
No. 16 44 .......
No. 30 30 34 34 31 25 35 35 23
No. 50 16 21 23 18 19 35 25 --
No. I00 12 13 13 13 9 -- 13 --
No. 200 9.3 9.9 9.4 9.4 7.1 8.4 8.9 6.7

Percentage of bitumen 7.5 6.3 6.3 7.5 5.0 7.0 5.3 5.5
Specific surface', fl'/Ib 40.59 45.92 44.18 41.86 33.44 51.O6 44.34 32.66
Bitumen Index _, x 10 -_ 1.996 1.459 1.517 1.935 1.585 1.469 1.263 1.776
Film thickness', U 9.72 7.11 7.39 9.24 7.12 7.15 6.15 8.65
Laboratory deslt_n voids, percent 6.8 6.1 6.6 9.3 6.8 6.1 3.5 5.8
Hveem side pressure', psi 60 46 63 48 55 61 55 29
Asphalt concrete tempr, ralure, del_ F 295 300 295 260 267 260 275 300
A_re_ate temperature, de_ F 300 320 310 310 340 310 375 305
MIx temperature, del_ F 290 295 310 310 310 305 306 298
Initial field voids, percent 8.7 9.8 11.5 12.3 5.5 7.1 6.7 5.I
ADT, 1970 2, 100 330 590 3.000 500 2,000 1,500 2,400
Condition after 48 months Transverse Excellent Excellent Severe trans- Good Good, Good to Excellent

cracks verse and some excellent
Ionl_ltudln_d cracks
centerllne
cracks

'Mix Dg,_iq_Mefho_ lot Amhalt Con_.eefe TheA_hsl! Inllilute. MS2. 1962.
_Percembitum_.nt_e_le baMic|lsoecificmarfKe.
cB;lurnenind-,¢x 4.870.
dA1400pSivertlc_llIo_d.
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Table A.32 Changes in viscosity at 77°F for Iowa test road. (Lee
1973)

Asphalt Viscosity (megapolses)

Project Sample 1 2 3 4 5 6 7 8 9

OrilzlnaI 1.16 1.23 1.58 I.I0 1.14 1.70 1.15 I .I0 1.22
TFOT 4.22 5.35 3.70 3.09 1.68 3.80 3.90 4.15 2.86

bnboratory aging (hours)
d-24 18.4 11.7 9.50 9.0" 3.50" -- 7.00. 8.30" 10.30
d-48 20.5 19.3 14.2 15.7 5.60 14.60 12.50" 12.60 12.50
d-96 23.9 24.6 19.2 22.6 7.40 21.00 22.00" 14.00 15.00
d-240 44.0 36.2 47.0 36.9 13.50 33.00 51.00" 38.00 27.50'
d-480 64.5" 38.5 76.0" 52.0" 14.70. 37.00 78.50 53.50" 45.00'
d-t000 89.0 -- 118.0 64.0 17.30 72.00 99.20 64.00 69.00"

Field aging (months)
Plant 4.30 4.70 3.40 3.09 -- 2.81 2.07 3.42 2.29
(-0

A* 4.87 4.60 3.39 3.01 - -- 2.25 2.14 2.61
B_ 4.87 4.60 3.39 3.01 .....

i-6

A 4.30 5.98 3.40 3.56 - 8.58 8.30 6.40 4.90
r_ 5.70 5.35 3.78 3.50 -- 8.70 8.74 6.40 3.90

f-12

A 9.80 8.90 9.66 11.2 -- 10.60 9.80 14.50 11.50
D 9.54 9.20 -- 12.2 -- 11.90 9.80 12.50 8.90

f-18

A 12.7 8.33 12.4 13.9 -- 12.10 12.80 11.50 10.50
13 11.5 10.28 12.0 15.5 -- 13.80 12.00 10.90 10.50

1-24

A 12.2 -- 12.6 21.0 -- 12.70 14.50 9.80 12.00
D 15.0 15.0 il.9 18.6 -- 7.80 12.20 8.90 8.40

f-30

A 14.5 18.5 17.0 20.5 -- 13.50 12.00 13.50 9,68
13 18.5 19.2 13.2 21.6 -- 17.50 12.00 14.00 9.10

f-36

A 12.3 13.8 21.0 16.2 -- -- 13.80 -- 11.50
D 12.5 16.0 19.6 17.7 .....

1-42

A 13.4 17.8 18.8 16.2 -- 17.50 -- 12.50 --
13 9.5 16.5 14.0 22.2 .....

f-48

A 19.2 19.6 20.7 21.8 .....
D 16.4 20.9 16.1 22.0 .....

*Interpolatedvllue, bA - inwheellrlckl. ¢8 • betweenwheel lrlckl.
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Table A.33 Changes in viscosity at 140°F for Iowa test road.
(Lee 1973)

A.qphalt Vl_c'o_tt 7 {_l_e_)

Project 5:lmple 1 2 3 4 5 6 7 8 9

Oril_inaJ 1.356 1,066 1,316 1.106 1.761 1.350 1.316 1.922 2,83?
TFOT 2.368 3.448 4,041 3,556 2,341 3,556 3,538 4,376 4,412
I.:_horatory :_RIn_ (hours)
,4-24 12.O94 10,649 5,812 -- -- -- 7.400" IO, 5OO" 12.559
d-48 I.%24FJ 17,022 7,979 11,830 4,691 12.45"/ 9.000" 20.199 13,826
d.90 23.276 34.249 12,772 13,930 4.4,59 19.550 12,ROO" 24,472 23,497
d-240 61.254 69,839 28,062 23,479 7,727 33.431 2_,9OO" 44.731 --
d-4RO .... 16,500. 52,000. 53,500" 66, 000 --
d-IO00 200,000 -- 130,OOO 71,560 37,000 80,0OO 130,OO0 120.000 --

Field .'t_ln_ (mnnth_)
Pl_ni 2,182 2,045 1,913 2,136 -- 2,096 2,070 2,634 3,428
I-0

A" 2,294 2,931 2,122 1,781 -- -- 2,130 2,4.56 4.001
F_" 2.294 2,931 2.122 !,781 .....

I-0

A 2.71 r_ 3.735 2,020 2,562 -- 7,546 5,506 7,762 4,824
B 3,555 3,412 3,038 2,525 -- 6,227 5,737 9.292 5,852

f-t2
A 5._14 I_,I i15 4,034 .%,_R4 -- 5,1l_7 4,n34 9,717 4,593
1_ 6,722 8.098 5,929 5.964 -- 8,161 4.597 9,005 5,356

[-18
A 4,733 6, 9 r_4 5.331 5.077 -- 9.436 6.753 13.468 6,61;3
13 3.71"/ 7,606 4,799 6,178 .... 8,109

f-24
A 5,15R 9.742 6,437 ?,672 -- 7,397 5.950 9,6"/6 9,653

6,675 10.204 6,217 6,526 .....
f-30

^ _.710 9,341 I;,229 7,9t_0 -- 9,250 6.644 13,092 9,392
rl 8.506 9,568 5,593 0.505 -- 8.567 -- -- --

1-36
A 5,747 9,991 7.21P 7,777 -- -- 7.270 10,532 13,940
n 7,O31 12,792 8,130 7,484 .....

1-42
A 6.418 12,173 6.951 7,598 -- 12,384 -- 12,925 --
D 4,954 10,O54 9,969 ......

(-48

A il.044 13.773 6,305 8,490 .....
B 9.473 14.082 ?,549 8,647 .....

*lnl_t'v_flt4'_'J vllt;e bA - ifl ,,_¢'_1 tracks 16 " I_ _ ltOtklL
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Table A.34 Changes in softening point during weathering at lowa
test road. (Lee 1973)

Asphalt Softening Point, Rink 1rod BaH (deg F)

Project Sample 1 2 3 4 5 6 7 8 9

Orl¢lna/ 119.0 116.5 115.5 !14.5 113.0 116.0 116.0 118.0 119.5
TFOT 127.5 131.0 123.0 126.0 119.0 127.0 123.0 129.0 119.5

Laboratory aging (hours)
d-24 141.0 134.0 131.0 133.5" 121.5" -- 125.5" 136,0. 132.5
d-48 140.5 143.0 138.0 138.0 126.5 140.0 128.5" 142.5 136.0
d-96 143.5 149.0 140.5 141.0 126.0 143.0 134.0" 144.5 145.5
d-240 159.0 152.5 145.0 146.5 134.0 152.0 146.6" 150.0 151.5"
d-480 1G9.0. 107.0 154.5" 154.5" 143.6" 1(_3.7' 160.5" 164.0. --
d-1000 175.0 170.0" 171.0 173.5 154.0 174.0 171.0 173.0 --

Field aging (months)
PDmt 130.5 129.0 127.5 122.5 -- 118.0 120.0 124.0 116.0
f-0

A' 127.5 125.0 125.0 119.0 -- -- 118.0 132.0 124.0
D' 127.5 123.0 125.0 119.0 .....

I-6
A 124.0 128.0 122.5 120.5 -- 133.5 132.0 136.0 132.0
l_ 125.0 120.5 125.5 120.6 -- 133.0 130.0 136.0 126.0

1-12
^ 129.0 135.0 130.0 130.0 -- 134.0 129.5 134.0 138.0
n 129.5 131.5 131.0 131.0 -- 138.5 130.0 126.0 132.0

1-18
A 130.0 137.0 -- 134.0 -- 135.0 132.8 136.4 132.0
13 132.0 136.0 128.0 134.0 -- 140.0 132.8 136.0 130.0

1-24
A 129.5 134.5 136.5 136.5 -- 129.0 138.0 138.0 136.0
B 136.0 138.0 136.5 136.5 .....

f-30
A 137.0 140.0 136.5 135.5 -- 140.0 137.0 141.0 136.0
13 138.0 137.0 -- 136.0 .....

f-36
A 136.0 143.5 138.0 134.5 -- -- 137.0 -- 139.0
13 140.0 142.0 138.0 136.5 .....

f-42
A 133.0 138.0 140.0 134.5 -- 142.0 -- 144.0 --
13 129.0 138.2 141.0 134.6 .....

1-48
A 134.5 136.5 136.5 136.5 .....
B 137.3 136.4 134.6 136.4 .....

"In_l_l_@d VlIu_. bA - in wh_ tracks. ¢1 = _ wh_4 trlckL
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Table A.35 Changes in microductility at 77°F for lowa test road.

(Lee 1973)

Asphalt (era)

Project S_mple I 2 3 4 5 6 7 8 9

Orlgln_ 63 71 72 67 81.4 53.0 68.4 51.0 63.0
TFOT 46 36 82 89 91.0 57.0 84.0 60.0 55.0

L,lbnr_Jory ,lglng (hours)
d-24 9.2 5.4 69 82 I01.0" 16.0" 30.0" 20.0" 11.0
d-48 5.0 3.0 50 41 102.6 5.1 56.0" 7.0 5.5
d-96 2.6 2.0 20 23 122.0 3.0 29.0' 4.0 6.7
d-240 2.0 i.5 5.2 4.7 115.0 0.5 8.0" 2.0 --
d-4_O -- -- -- 3.8 79,0" 1.0" 4.0" i.5" --
d- 1000 0.5 -- 0.4 1.8 -0.3 1.1 1.3 1.0 --

Field ;q_lng (months)
Plant 48 62 87 93 -- 75.0 68.0 67.0 65.0
f-0

Ab r,9 72 78 81 -- -- 60.0 67.0 79.0
rl" 69 72 78 102 .... 68.0

1-6
A 87 K2 102 102 - 23,0 73.0 15,0 37,0

87 63 95 101 -- 23.0 64.6 14.6 28.0
(-12

A 63 27 44 58 -- 24.4 76.0 25.0 57.0
I_ 70 -- 82 56 -- 31.0 101.0 24.0 47.0

f-IR
A 70 33 R8 84 -- -- 55.5 8.5 16.5
n 78 35 79 85 - -- 80.5 11.0 16.5

f-24
^ 65 14 21 69 -- 23.0 57.8 -- --
I1 16 9.0 43 55 .....

f-30
A i 6 7.7 94 66 -- 7,2 -- 5.9 --
D ] 7 8.0 69 74 .....

(-36
A 15 8.3 35 26 -- -- 50.7 -- --
rl 17 6.3 35 37 .....

f-42
A 16.5 10.0 43 37 -- 4.7 -- S.O --
I_ 14.0 4.0 34 12 .....

f-48
A 4.8 3.8 28 29 .....
I'_ 6.0 -- 29 IS .....

'lnt_pol_tq$ vM_q,, bA - in_ lellCkL e8 • blelw_.nw_ trmckL
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Table A.36 Properties of original asphalts in Delaware. (Kenis
1962)

Asphalt A Asphalt B

Del. BPR AI Del. BPR AI

Specificgravity,77 F 1.023 I.023 I.024 I.030 I.030 1.030
Penetration,100 g, 5 sec, 77 F 60 62 61 65 66 66
SoItenlngpoint,I_B (°F) 118 123 125 118 124 124
Ductility,5 cm/min, 77 F (cm) 100 250 150 100 250 150
Flashpoint(°F):

C.O.C. 585 580 610 610 570 595
P.M. 505 - - -

SolubilityinCC14 (_'o) 99.9 99.9 99.2 99.9 99.8 99.9
Inorganicmatterinsol(go) 0.10 0.03 - 0.22 0.02
Furol viscosity at 275 F (sec) 279 - - 285 -
Oliensis spot test Neg. Neg. - Neg. Neg. -
Loss on heating at 325 F (go) 0.04 0.02 0.03 0.03 0.02 0.03
Pen residue,100 g, 5 sec, 77 F (go) 56 55 55 60 59 60
Orig. pen (_'o) 93 89 90 92 89 91
Film oven test, _/a-in. film,

5 hr, 325 F:
Loss (90) - 0.09 0.08 0.08 0.11
Pen residue,100g, 5sec, 77 F(_'o)- 40 40 42 41
Orig. pen (go) - 65 66 - 64 62
Soft point of rcsidue (°F) - 133 132 - 135 134
Duct.res., 77 F, 5 crn/min (cm) - 250 150 - 140 150
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Table A.37 Aggregate characteristics at Delaware test road.

(Kenis 1962)

Characteristic BPR AI De I.

Los Angeles percent of wear 24.qa 21.6a 27.5b
Sodium sulfatesoundness loss (_'o) 4.6 -

Specificgravity:
Coarse aggregate:

Apparent - 2.823
Bulk - 2.870

Absorption (90) - 0.540
Fine aggregate:

Apparent - 2.808 -
Bulk - 2.795 -

Absorption (90) - 0.150 -
Combined:

Apparent 2.81 2. 814 2.79
Bulk 2. q6 2.789 2. "17

Absorption (90) 0.60 0.30 0.30
Sand equivalent 86 83 -

bBased on grading C, AASID Method T96.
Based on grading A, AASHO |dethodT96.
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Table A.39 Components of test sections in Montana. (Jennings
et al. 1988)

Additive

Antistripping

Refiner None l.imc l:ly Ash Agent

C a 1 2 4 3
Bb 15 16 14 17

A c 6 8 5 7
1)d 10 9 12 11

No'rE: All are 120-150 grade AC.
aillcnd.
b200-300 with Microfil 8.
c200-300 with Chemcrete.
d85-100.
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Table A.41 Rutting measurements in Montana, March 1987.
(Jennings et al. 1988)

Components Rut Depth
Section No. (asphalt/additive) (in.)

10 D 0.16 "_

t

12 D/fly ash 0.16
2 C/li me 0.22

16 B/li me 0.22
20 200-300/Microfil 8 0.24

1 C 0.25
18 85-1 O0 0.25
9 D/lime 0.27

4 C/fly ash 0.33
11 D/antistrip 0.33
17 B/antistrip 0.34
3 C/antistrip 0.38
8 A/lime 0.39

13 Blend 0.43

5 A/fly ash 0.52 "_
14 B/fly ash 0.52
7 A/antistrip 0.56

15 B 0.56
6 A 0.62
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Table A.42 Crack counts in Montana, March 1987. (Jennings et al.
1988)

Section Components Total
No. (asphalt/additive) Cracks

2 C/lime 0
13 Blend 0
1 C 1

3 C/antistrip 1
12 D/fly ash 2
20 200-300/Microfil 8 8

9 D/lime 7

4 C/fly ash 7
5 A/fly ash 12
6 A 18

10 D 19
16 B/lime 19

11 D/antistrip 23
15 B 23
8 A/lime 28

7 A/antistrip 29
17 B/antistrip 33
14 B/fly ash 36
18 85-100 >52

A-47



Z
0

I--Ie'_ ,_:_-t",-L_")_ ._- CO '_'_ _C_

X_ C_ D',-D"-_0 C_ _ O'i _ ._:tLf% D--. ._:Du') _ _--ILw")

,,I,J,*-,, N'm:_
l,a_O

0,"_
l,,a

_ CD

c_
I ,-M

,U

_-_ OD',- _0 m _JC_C_'__'_. _ Lt_ "_'_ kt_ _ _ it)

_u

o
m N N

0.) -. 111o -,_

u_ OJ_., ., ._ 0 _x.O .,0_

A-48 i



_o_o_o o°

• i-I I_-

_" _ _ ,+ +
t/)3_ r,,. I ,._ • _ o oOt_, _ r,,') o' ,-q o 'qP

._ _o_o_ oo

o •

.._,_ '_ _ ' _ "_ . o ..

r_l

_o_o _o o,-.1 o

bG'-'
0 r_ _ _n _ o ._

ul o o o o n.

'_P CD

0 ,-O r'- 0
'" 0

r0 ,_ ,.1

t_ _-_ _n ulY. _ I _ x X X o _ o .,4

t_ ,-1 o e_o_o o _.

t/) _ ,-4 o . °

(U _J

o O

0 • • • ,-4 ,-4 _0

_r' _ I _ • ,4 _ " ..4

_r_O ,-10',.9 r,1 _ 0 ,-4

.-, .,._

._ .-i_ ®._,_, _'_ _. _ _,_ o '_
_) 0 • • ,'_" " °

O_ _" '4P r,_

o_o.4 _ + o
:D • • _-I

_o o _ u J j _ _o _ _.o o.
_ir _ r,I U') 0 O _ t; '_r r'4 0,.,4 0

A-49



u_ o• ° °

_oO_ _ _ _o•-I _P ,-I !
m U

E

o __ _o= ••_ _ =_ _o=

M , • f-t t.-t ,.4 r.4 ° •

_ 0 • • •

0

.,-4..-4

0 =1 U

o® _
0 I'- r,_ O_

0 _o o.-4 ,_ x

_ _ _ "_ '-' " _o
0 0 .... _"

_=_ .u_ _o

U _"

,-4

• _ D r"
• • 0 _ C_

A-50



=

.o _o°_ _ o ......

0 = _ _ _,_, Z _

"o

_ o _ _ or-

_0 _ "_ _o
R C_ d0 G,, 0 ._ ,-_ _ ._ _J

. . ...4_r-. _o_ _

_J 4J m ,'_ "o

o_

0 _ m o

_ q o _o

4

A-51



m CO lun
in . •
I .-t Q) 0 u_ f_ 0_,--I 0

,-11_ _I) q ' _ I u'_,-4 r..I _ I

0 _,) '_P n,I r... ,q" ,.._ _ I '_

_1 (_ H 0
I>O

_ _ _ 0

X _ _ m
.4 v _ n

_1 oo _ o ,_",4 _' _c_o
_0 I_ _ _n I
G _o _ ,_

m 0 t_ _)

r.4 ,I_ ,-I

I,.I ,,_-I I.-4,-I '_l, tn in ,,..,i in _ ¢I
_) _ _ :)'_ _ I

o_° _ ,.9,° _' -,-,
q) I-I IX
l-I (I) ¢:

0 _
u'_, _r'l I__v _8

o _ o _o_ _c_•_I ¢_ c_l i_I _c) nl _._ _" I _T I

o

_) O D_ II
i--I

¢,,m.-.¢ 0 q_ U 0

,-I, _D

o. o. d,_:, oo_ _j otr) U) .M -_ _ _U _ 0 _(/3

A-52

[



_: _ o _ ,0 ,,, ,,,
o .c,., ,..; ,_ ,
0

 ,oO . .• e_ I I
0 0 ,'4 •
Uvl tO r'i
Ul ,,--4

.-:/ co !,_ .
_4

0 r".

, o o o

JJ (I) '_" O_ _O ,.4 u'm X

r.a t_4

U) 4.J L4 _n

0 _; ,.a 0

_ o_ _Z_ _ _ _ ,,
._ tO ,=4

_ _

_) _ r, _.¢ t_.

r_

0 0 _: o, o
'0 _. t_ . _ _ ,.-_

_ _u _ _o 0 co ,,D _ ,:' , .

•,-4 .D < o '_
,LJ _ 5, rl

0 _0 _

"_,,,_ _o_'__,,, " _0x ,. , _, _.,
0 _ ,J

U 0 0 _ ,e

,_ o_._...,_o Z _,,- x ,. , .,
c:

W ::) ,-4
,-.4

e

"¢ 0 -,-_ C) Im U 0'_ .._ E

U U rj U
, _ _, - _ u o _ ,,_U

0 @ U ,'-,

_ '' " " - g _ u

A-53



Table A.49 Properties of recovered asphalts in Alberta. (Anderson

et al. 1966)

Penetration Ductility Absolute Vlscostty--Potse

Code 77 39.2 R(c) 77 F. 38.2 F. 140 F. (x l0 s) 77 F. (× I0 s) 39.2 F. (× I0'}

F.(a) F.(b) % cm.(d) cm. l0 "2 $ec, "i 10 "i se¢. "c" 10 "j sec. "_ 10 "I "¢" l0 "I sec." I0 "L "c"

A- I 94 34 36 8,98 2.63 0.78 13.3 9.60 0.96 5.30 1.91 0.80
2 126 32 25 2.56 0.92 0.84 11.1 4.10 0.75 3.77 1.81 0.81
3 112 27 24 2.72 1.15 0.81 25.6 5.94 0.69 4.92 1.21 0.70

B-I 64 35 55 150+ $1 (e) 20.3 6.02 0.74 39.1 40.1 1.00 13.7 3.45 0.70

2 65 35 54 150+ .52 (e) 18.8 5.24 0.72 31.4 24.4 0.94 10.2 3.50 0.77

C- 1 I l ! 44 40 9.36 2.67 0.83 46.5 7.40 0.80 3.36 1.29 0.80
2 82 32 39 27.1 3.90 0.77 20.6 14.1 0.90 7.80 2.10 0.78

D-I 95 27 29 1.41 0.84 0.95 11.8 6.99 0.93 9.93 1.24 0.79

E-I 53 23 43 6.45 4.81 0.93 81.1 41.6 0.84 17.1 3.00 0.56
2 77 23 30 3.33 1.59 0.92 24.5 11.0 0.87 7.68 2.77 0.60
3 94 38 40 3.10 2.13 0.98 .16.9 11.9 0.93 5.13 1.97 0.79

F-I 85 27 32 150+ 8 (f) 0.72 0.67 0.99 12.3 10.6 0.98 10.7 1.40 0.58
2 70 30 43 150+ 9 (f) 1.18 i.12 0.99 15.3 14.8 0.98 It.3 1.06 0.44
3 90 36 40 150+ 12 (f) 0.73 1.31 9.20 9.20 i.00 8.59 0.84 0.49

O-2 134 36 27 12.0 2.20 0.63 21.7 4.30 0.60 5.58 3.08 0.91
4 150 32 21 25.0 4.60 0.62 24.0 3.30 0.65 3.60 2.81 0.94

H- ! 94 27 29 120 3"(e) 6.25 1.52 0.61 7.28 4.55 0.91 7.62 I. 10 0.60
2 80 42 52 150+ 7 (e) 6.68 3.48 0.88 16.6 13.6 0.92 6.20 1.81 0.74

J-2 93 29 31 24.2 3.40 0.65 13.0 10.0 0.93 7.30 4.80 0.88
6 95 34 36 61.5 6.60 0.50 13.0 9.30 0.9l 7.80 3.90 0.86

K-1 102 39 38 6.47 2.67 0.67 12.2 8.54 0.93 4.39 1.25 0.72
2 85 33 39 5.33 2.86 0.86 42.3 21.4 0.90 17.9 1.37 0.62
3 62 29 47 15.3 7.55 0.72 57.8 28.0 0.83 11.6 3.33 0.70

L-I 94 22 23 1.74 1.10 0.95 36.1 12.3 0.80 10.0 ' 1.80 0.63

2 89. 34 . 38 _ 3,.75 2.50 0.84 28.9 16.4 0.91 4.68 • 1.80 0.80

M-[ 120 27 22 14.55 1.58 0.61 15.4 6.20 0.74 12.3 5.09 0.74
2 121 29 24 8.22 1.91 0.65 17.3 7.09 0.85 14.9 6.46 0.77

(n) ASTM-D5-52. (c) Ratto: (Pen. @39.2 F. 4_ Pen. 077 F.) x I00. (e) I cm./mtn, elongation.
(b) 39.2 F., 200 gins., 60 see., 0.t mm. (d) ASTM: D113-44. (f) 5 cm./min, elongation. (RCA-HD 4.2.66)
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Table A.50 Transverse cracking investigation in Alberta; field

sampling areas. (Anderson et al. 1966)

Test Area Cracks per Mite Thickness (ins.) Age of Asphalt Code

Route Mr. to Mr. Max. Av. Mln. Surf. Base(a) Total Surface(b) I1ef.(c) Pen. Gr.

2-D- 0.00 8.13 II 8 0 3.7 13.0 16.7 6 mos. 3 150/200 A-!

I/1, 1/2, 1/3 8.13 17.31 187 89 40 4.2 12.7 16.9 6 mos. 1 150/200 2
17.31 24.97 27 7 0 4.4 12.6 17.0 6 mos. 1 150/200 3

2-G-4 219.5 220.0 0 4.0 9.9 13.9 6 yrs. 7 150/200 n-I
225.0 225.5 o 80 4.$ 9.9 14.4 6 yrs. 7 150/200 2

12-B-2 47.4 63.7 5.2 10.3 15.5 7 yrs. a 150/200 C-i
63.7 77.4 142 75 2 4.2 8.3 12.5 5 yrs. 4 150/200 2

15-A-2 30.0 31.0 - 3 l0 4.0 14.0 18.0(d) 5 yrs. 1 150/200 D-I

18 -A- 1 5.0 8.0 o 80 3.0 6,0 9.0{d) 7 yrs. 8 i 50/200 E- 1
11.0 12.0 - 240 4.0 12.0 16.0(d) 3 yrs. 1 150/200 2
25.0 26.0 - 0 4.0 14.0 18.0(d) 2 yrs. 5 150/200 3

21-A-I 24.21 26.13 - 229 4.9 9.3 14.1 ) F-!

26.13 26.34 - 0 4.5 I0.0 14.5 t 3 yrs. I0 150/200 229.00 29.38 - 72 5.1 9.5 14.6 .3

34-A-1 9.0 10.0 - 540 4.4 10.2 14.6 / 8 mos. l(f) 200/300 G-220.0 21.0 - 45 5.0 11.6 16.6 4

34-A-2 45.0 45,5 - 158' 4.4 12.9 17.3 3 yrs. 1 150/200 rl-I
58.0 58.5 - 5 4.1 11.9 16.0 3 yrs. 5 150/200 2

36-D-1 6.0 7.0 - 131 5.2 7.1 12.3 I 8 mos. 3 150/200 J-217.0 18.0 0 4.6 7.4 12.0 5

39-A - I 1.0 2.0 55 4.0 | 4,0 18.0(d) / 8 yrs. 8 150/200 K- I9.0 10.0 475 4.0 16.0 20.O{d) 2
19.0 20.0 15 4.0 14.0 18.O(d) 4 yrs. 2 150/200

57-A-I/2 12.55 14.54 348 4.3 6.7 11.0 4 yrs. 1 150/200 L-I
14.5'5 16.55 0 4.1 8.7 12.8 3 yrs. 5 150/200 2

62-A 14.0 15,0 20 2.5 7.6(e) 10.1 I 8 mos. 10 150/200 M-I20.0 21.0 10 2.1 7.7(e) 9.8 2

(a) Includes nominal 2" coldrntx, asphalt bound base. (c) Refinery source. (f) 2" Surface Course. 2" Binder course HPMS (5-150/200) 1962.
(b) Surface age at time of survey. (d) Nominal thickness. Uncrackod prior to surfacing.

(e) No asphalt bound base. (RCA-HD 1.2.66.)
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Table A.51 Summary of asphalt cement quality tests, Alberta,

1966. (Anderson & Shields, 1971)

Pene-
Penetration Softening Viscosity Pene- tration

Supl)liPrCondition (Y,eram) Pointn 275 F 140 Fb 77 1:'c 30.2 Fc tration Retained

77 F 39.2 F 32 F (deg F) (centt.ctekc)(poisex 10_) (poise_ IOs) (poise x 10s) Index (percent)

I Supply 2_,5 68 40 103 139 237 3.0 1.2 .l.0 22.3
a (28) (8) (4) (7) (8) (26)
TFO'r 177 43 22 108 -- 358 8.6 2.5 ,,0.2 24.3
o (12) (7) (2) (t) (60)
Mix 138 34 23 109 204 445 5.9 3.8 -1.0 25.3
o (IG) (3) (2) (2) (15) (63)

2 Supply 215 62 38 I01 217 610 2.8 1.0 -I.0 31.2
(R) (3) (2) (2) (3) (61)

TFOT 125 41 25 110 -- 1,111 7.8 2.4 -0.8 32.8
o (3) (2) (1) (4) (119)
Mix 113 41 27 llI 309 1,415 13.4 3.4 -I.0 37.8
o (9) (4) (2) (3) (20) (350)

3 S,I)ply 217 58 3.r, 102 184 544 2.3 0.8 -0.8 28.1
a (15) (4) (3) (2) (i0) (36)
TFOT 112 36 24 i10 -- 1,127 24.3 2.0 -0.9 34.0
a (7) (1) (1) (1) (212)
Mix 102 38 26 I 11 271 1,217 14.5 4.5 -1.3 36.3

(13) (5) (2) (2) (31) (403)

aASi'M D36 26 bASTMO2171.66. c51_d;ngplatemicroviscometerat shearrateof 10"1sec-i.
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Table A.52 Changes in asphalt properties with time at Alberta.

(Anderson & Shields 1971)

Physical Properties of Asphalt Cement

Asphalt Unit Penetration Absolute Viscosity at 77 F
Supplier Age Content Weight Softening Viscosity (poise x I0 s)

(percent) (pcf) (_/,o ram) Point

77F 39.3F (deg F) at 140 F(poise) I0 "_ sec -_ I0 -_ sec -i

I As supplied 265 68 103 237 4. I 2.2
After TFOT 117 43 108 358 17.9 4.1
After plant mixing

and spreading 5,2 138,2 138 34 109 446 15.9 4.0
12 me. 5.9 146.8 191 41 105 258 7.3 2.3
24 me. 5.75 146,6 196 44 102 258 2.8 2.0
34 me. 5.5 147.9 144 29 107 343

2 As supplied 215 G2 I01 610 3.0 2.6
AfterTFOT 125 41 110 l,lll 9.2 6.7
After plant mixing

and spreading 5.3 136.7 113 41 III 1,460 22.5 7.8
12 mn. 5.7 142.2 136 41 107 860 8.8 5.0
24 me. 5.4 143. I 127 38 107 954 6.2 4.9
34 me. 5.4 144,1 105 30 111 1,281

3 As supplied 217 58 102 544 2.6 2.6
AfterTFOT 112 38 110 1,127 12.1 10.2
After plnnt mLxlng

and spreading 4.4 134.2 102 38 III 1,217 15.2 8.6
12 me. 5.5 139.4 116 36 110 844 12.9 6.1
24 me. 5.3 141.6 90 29 113 1,215 11.7 10.6
34 ran. 4.3 142.3 70 26 117 1,801
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Table A.53 Asphalt test properties in Pennsylvania. (Kandhal &

Wenger 1975)

Asphalt

Prolwrty I 2 3 4 5 6

13elnre Pug Mill Mixing

Vlseoqlty, poises
At 140 F 1613 1544 144"I 966 2200 2G49
,At 275 r 339.6 343.0 475.4 31R.5 509.4 556//
At 39.2 F at 0.05 see" 1.19 x 10" 2.65 x 10' 4.22 x I0' 9.50 x I0' 1.r,8 x 10A 2.57 _<I0"
At '77 F al 0.05 sec "t 3.05 x IOq 1.06 x 10' 4.R3 x I0 q 9,15 x I0 q 1.32 x I0 _ I.R5 x 10'
At ll5Fa|0.0Ssec" 2.09xi0' 1.54xl0' 1.15x I0' i.15x104 2.19xi0' 2.80x10'

Shear su,qceptlbll.I ty
At 39.2 F 0.20 0.20 0.35 0.45 0.32 0.32
At 77 F 0.05 0.02 0.11 0.06 0.12 0.09
A! 115 F 0.02 0.03 0.04 0.03 0.04 0.02

Peneirallon

At 39.2 F, 200 R, 5 nee 9 II 2R 19 15 12
At .77 F, 100 g, 5 _ec 62 92 149 il4 94 80

After Pug Mill Mixing

Penetrallon at .7.7 F,
1(30g, 5 sec 36 69 08 66 69 60

Penetration, percentace
retained 58 '76 6'7 58 ";3 "i'6

VIAcoslty at 140 F,
poises 3645 2505 29"/1 20'78 3463 4./'tO

Vlnco_Ity ratio at
lit) F 2.2"/ I.f12 2.O_ 2.16 1.5.7 1.80

Aging Index _ after mix-
Ing based on vlsco.qlty
at '7'7 F, 0.05 see'*
shear rate 3.3 1,9 2.5 3.3 2.1 1.9

Viscosity at 7'7 F, 0.05
sec" determined
Irom aging Indexes,
poises 1.01 x I0' 2.01 w I0' 1.21 y I0" 3.02 Y 10" 2.77 _ lO* 3.52 x lO'*

Hrj*,_ I r,n,se • I_.I Pa"_.I f - I 8 C * 32.

•in c@nli_lol,_q,
bNn *@¢!dllll Itvltlmhh*l'hwq@wmtpfletprmlr_awtIrl_'n riq 4 of lh* p._*_ by Ilal*¢*_'l a,,l 7.*re"wilYIASTM.S|P. 300. 19021.whichgiver
rehlt;_ h_tw_ pev£_t of O*;qinllr_npfr_lllnnind vi_:_ilv lqi_ indexfor thin film IJ'_l.
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Table A.55 Physical properties of the experimental AC-20 grade

asphalt cements in Texas. (Adams & Holmgreen 1986)

A B C D E

Viscosity

77°F, poises XIO6 3.55 1.55 1.70 l.ll 2.25

140°F, poises 2242 3012 2183 1812 1911

275°F, poises 6.42 5.33 3.22 4.09 3.10

Penetration

39.2°F, dmm,200 gm, 60 sec 13 26 18 26 13

77°F, dmm, lO0 gm, 5 sec 61 64 58 81 45

SofteningPoint, °F 123 125 12] 122 ll9

Thin Film Oven Residue

Percent Loss 0 0.04 0.05 0.08 0.15

Viscosity, 140°F, poises 4681 5008 4017 3236 4285

Penetration,77°F, dmm 41 53 32 56 32

Rollin_ Thin Film Oven Residue

Percent Loss 0 0 0 O.ll 0.18

Viscosity, 140°F, poises 5180 7350 5356 6369 5345

Penetration,77°F, dmm 32 50 24 42 29

I
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Table A.56 Physical properties of the experimental AC-10 cements.

(Adams & Holmgreen 1986)

A B C D E

Viscosity

7PF, poises XlO6 0.66 0.22 0.66 0.50 0.88

140°F, poises 973 773 1268 931 955

275°F, poises 2.76 2.76 2.85 3.18 2.34

Penetration

39.2 F, dmm, 200gm, 60 B_c 20 35 16 35 17

77 F, dmm, lOO gm, 5 sec I06 166 80 ll3 80

SofteningPoint, °F III 106 114 116 115

Thin Film Oven Residue

Percent Loss 0 0.04 0.03 0.13 0.37

Viscosity, 140_, poises 1280 1210 2539 2381 2436

Penetration,77°F, dmm 69 121 50 68 42

Rolling Thin Film Oven Residue

Percent Loss 0 0 0 O.Ol 0.5l

Viscosity, 140°F, poises 1663 1608 2911 2865 4886

Penetration,77°F, dmm 62 ll3 37 59 28
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Table A.66 Physical properties of the asphalt cement recovered
from cores after one week service from Lufkin, Texas

site. (Adams & Holmgreen 1986)

Viscosity,poises Penetration,dmm

Asphalt Asphalt 77°F

Producer Grade poises Xl06 140=F 275°F 39.27F 77°F
200g, 60s 100g, 5s

A AC-20 3.55 3735 6.92 lO 48

B AC-10 3.70 3891 6.26 7 56

C AC-20 3.80 2754 3.87 lO 46

D AC-20 3.80 2975 4.98 12 52

D AC-10 1.20 24]8 4.44 16 63

E AC-20 14.50 8790 5.06 4 23
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Table A.67 Physical properties of the asphalt cement recovered

from field mixed, field compacted samples from Lufkin,

Texas after one year service. (Adams & Holmgreen
ig86)

• u _scositv. p.oi.ses. .. Penetration,drnm
77 F 6 - o - "

Asphalt Producer Asphalt Grade poises x lO 140 F 275°F 39.2UF 77UF
pnng, _n= _g, 5,

A ' AC-20 4.8 5553 1.21 0 20

B I AC-IO 23.0 8666 6.69 3 20

AC-20 26.0 8970 6.16 0 15
c I
D AC-IO 2.3 1866 3.99 17 68

i
J

D AC-20 24.0 8400 6.40 0 19

E ! AC-20 7.1 5190 6.34 9 38
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Table A.73 Chemical composition of original asphalts (Corbett).

(Adams & Holmgreen 1986)

Corbett Fraction

Asphalt Grade Naphthene Polar
'roducer Asphaltenes* Saturates Aromatics Aromatics

E AC-IO II 14 45 30
AC-20 12 lO 43 35

A AC-IO 2 6 49 43
AC-20 2 2 52 44

AC-IO II 9 45 35
C

AC-20 II 9 47 33

AC-IO lO 16 56 18
B

AC-20 17 II 47 25

AC-IO 15 12 47 26
D

AC-20 18 9 42 31

t

Insolublein heptane.
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Table A.74 Temperature susceptibility of asphalts in Texas.

(Adams & Holmgreen 1986)

Pen/VisNo.
Penetration Penetration -.

Ratio Index 77°F to 275°F 77°F to 140:F
Asphalt Asphalt
Producer Grade Original Original Original Original TFOT RTFOT

AC-IO 21 -1.09 -1.31 -l.16 -l.14 -1.03
E

AC-20 29 -1.84 -1.44 -1.28 -0.97 -0.90
J,

AC-IO 19 -0.97 -0.71 -0.70 -1.07 -0.97
A

AC-20 21 -0.59 -0.09 -0.69 -0.55 -0.80

AC-10 20 -1.26 -1.02 -0.86 -0.86 -l.14
C

AC-20 31 -0.99 -l.15 -0.79 -1.03 -l.14

AC-IO 21 -0.38 -0.22 -0.19 -0.24 -0,05
B

AC-20 41 -0.19 -0.34 -0.32 -0.II +0.18

AC-IO 31 +0.13 -0.47 -0.65 -0.46 -0.50
D

AC-20 32 +0.04 -0.47 -0.47 -0.45 -0.23
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Table A.74 (continued).

Viscosity-Temperature
Susceptibility Temperatureof

Equal stiffness
77 to 140°F 140 to 275°F 77 to 275°F °F(°C)

Asphalt Asphalt
Producer Grade Original Original Original Original

AC-IO 4.21 3.66 3.85 -57 C-5o)

E
AC-20 4.13 3.70 3.85 -43 (-41)

AC-IO 4.05 3.52 3.71 -65 (-54)
A

AC-20 4.22 3.18 3.55 -58 (-50)

AC-]0 3.84 3.60 3.69 -57 (-49)

C
AC-20 3.90 3.72 3.79 -55 (-48)

AC-10 3.67 3.42 3.51 -81 (-63)

B
AC-20 3.62 3.44 3.50 -65 (-54)

AC-IO 3.94 3.38 3.58 -80 (-62)

D
AC-20 3.83 3.45 3.58 -72 (-58)
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A-TRANSVERSE CRACKS B-ABSOLUTE VISCOSITY
(Average No./Kilometre_ AT 60°C(14.0°F)

(Original Asphalt)
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Figure A.8 Summary of physical propercles and transverse cracks measured for
Utah test loads; objecCive evaluation. (Anderson eC el. 1976)
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M- FORCE DUCTILITY N-FORCE ,DUCTILITY
AT 4°C(39.2°F) AT 4°C(39.2°F)
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APPENDIXB

UNCONTROLLEDTEST ROADS

This appendix contains supplementary tables and figures for the test roads discussed in
Chapter4. They are organized in the same order as the test roads in Chapter 4.
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Table B.I Cores and mix properties for Oregon. (Thenoux et al. 1988)

l'roj. Thickness Max. Air A/C Asphalt Mix Mr Nf

(#) (in) Sp. Grav. Voids % Suplier Type (ksi) (1)

1 1.72 2.476 11.1 5.0 Chevron B-mix 862.00 80350
AR4000w

2 2.44 2.580 8.5 5.7 Chevron B-mix 1103.19 10005
AR4000w

3 1.91 2.459 11.8 5.9 Chevron B-mix 771.87 276292
3a - - - AR4000 - - -

4 1.44 2.421 5.0 7.0 Douglas B-mix 281.94 -
AR4000

5 1.41 2.497 8.3 5.8 Chevron B-mix 568.97 42480
5s 1.83 2.484 9.0 5.6 AR4000 703.78 129064

6 2.49 2.535 6.1 5.2 Witco B-mix 1031.63 4112
AR2000

7 1.55 2.444 4.3 6.7 Douglas B-mix 243.30 295241
7s 1.92 2.434 4.3 6.9 120/150p 186.30 1876282

8 1.44 2.158 8.7 7.6 Shell C-mix 621.94 87662
AR2000

(1) Nf, calculated for 100 microstrains

B-6



Table B.2a Chemical composition of original samples and after Rolling Thin Film
Oven Test for Oregon. (Thenoux et al. 1988)

Sample Asph. Sat. N-Arom. P-Arom. Total
% % % % %

Orig.-1 16.5 9.5 26.2 47.0 99.2
Orig.-2 15.7 9.1 26.9 46.6 98.3

Orig.-3 22.7 8.4 24.5 43.3 98.9
Orig.-4 20.2 9.1 24.9 43.8 98.0
Orig.-5 16.6 9.3 26.5 46.9 99.3
Orig.-6 6.0 11.6 33.1 48.1 98.8
Orig .-7 17.0 9.6 27.9 45.3 99.8
Orig.-8 6.9 10.9 32.4 48.3 98.5

RTFO-1 21.4 7.9 25.5 43.7 98.5
RTFO-2 20.5 7.8 25.2 45.1 98.6
RTFO-3 27.8 7.1 22.3 41.8 99.0
RTFO-4 24.5 8.1 22.8 43.9 99.3

RTFO-5 21.8 8.2 25.0 43.8 98.8
RTFO-6 11.2 10.9 29.7 46.9 98.7

RTFO-7 21.3 9.2 24.6 44.5 99.6

RTFO-8 14.2 10.3 27.1 47.0 98.6
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Table B.4a Physical test results of recovered asphalt from Oregon using Method-
A, projects I to 8. (Thenoux et al. 1988)

Sample Pen-4 Pen-25 vis-60 KVis-135"'

# (poises) (cStokes) _

1-Top 2 11 59284 1933
2-Top 4 15 13299 572
3°Top 9 10 225129 3952
3a-Top 6 12 100000 3802
4oTop 26 51 3403 399
5-Top 14 22 13584 885
5s-Top 12 26 11755 853
6°Top 11 27 4440 330
7°Top 32 63 5524 745
7s-Top 31 80 3611 616
8-Top 6 11 25104 665

1-Base 5 12 74152 1953
2°Base 6 14 12571 569
3-Base 6 16 106328 2798
3a-Base 9 22 45564 1916
4-Base 51 3194 401
5-Base * * * *

5s-Base 15 47 4360 531
6-Base 42 2565 268
7-Base 80 1769 466

7s-Base 114 1752 465
8-Base 13 45 2845 318

• Sample Contaminated
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Table B.4b Physical test results of asphalts from projects 3, 5 and 7 in Oregon
obtained using all four methods of extraction and recovery. (Thenoux
et al. 1988)

Sample Method Pen-4 Pen-25 Vis-60 KVis-135

# (poises) (cStokes)

3-Top A 2 11 59284 1933
B 4 11 160000 3472
C 134 140 3213 493
D 14 21 46179 1969

3a-Top A 6 12 100000 3802
B 5 10 185999 6509
C 16 23 56593 2242
D 7 16 .44869 2872

5-Top A 14 22 13584 885
B 3 21 17253 896
C 8 20 15284 985
D 32 80 19444 451

7-Top A 32 63 5524 745
g . ° °

C 22 54 6392 764
D 22 48 7507 819

3-Base A 6 16 106328 2798
B 6 16 85619 2413
C 16 123 1228 407
D 6 15 102308 2187

3a-Base A 9 22 45564 1916

B 6 20 42937 1926
C 18 43 18040 1222
D 10 22 10799 1797

5-Base A ....

B 9 36 7630 717
C 12 36 6681 657
D 11 32 8036 718

7-Base A - 80 1769 466
B 38 89 3060 545
C 27 80 3002 560
D . . .

" Sample Contaminated
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Table B.7 Rheological properties and stiffness moduli of recovered asphalt
cements for Oklahoma. (Noureldin and Manke 1978)

Site Cracking Ring & Ball Absolute Kinematic Stiffness
Index Softening PenetratiOnat77 F Viscosity at Viscosity at Modulus

Point, 140 F 275 F kg/m 2 Pa
No. (C.I.) F (C) (25 C) (60 C), Poise (135 C), cSt

1 6.5 168 (76) 26 651,700 5,408 282 27.7
2 10.5 160 (71) 32 65,327 3,063 250 24.5
3 15.5 136 (58) 44 22,311 1,214 343 33.6
4 24.5 i73 (78) 18 218,360 2,353 1000 98.1
5 2.0 124(51) 57 3,606 546 190 18.6

6 9.0 140 (60) 41 20,630 1,146 258 25.3
7 20.0 129 (54) 58 3,853 536 205 20.1
8 0.0 126(52) 59 4,058 639 170 16.7
9 0.9 123 (51) 62 2,610 502 189 18.5

B-18



Table B.8 Composition and stiffness moduli of field specimens for Oklahoma.
(Noureldin and Manke 1978)

Stiffness Modulus
Volume Cone.

Bulk Per Cent at -23.3 C
Site Cracking Asphalt Specific of Agg. Mix,

Index Content, % DensityNo.
(C.I.) Gravity (Cv) kg/cm 2 Pa

1 6.5 5.6 2.35 94.4 0.839 30,463 2,987.4

2 10.5 5.9 2.33 93.5 0.824 22,361 2,192.9
3 15.5 5.6 2.40 97.1 0.860 49,226 4,827.4
4 24.5 5.9 2.18 91.4 0.814 49,292 4,833.9
5 2.0 5.5 2.44 97.5 0.874 34,091 3,343.2

6 9.0 4.9 2.40 96.5 0.872 53,268 5,223.8
7 20.0 5.8 2.39 97.4 0.854 32,236 3,161.3
8 0.0 5.5 2.44 97.2 0.859 31,267 3,066.2

9 0.5 5.6 2.41 97.4 0.859 33,940 3,328.4
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Table B.9 Asphalt cement properties for Ontario. (Fromm and Phang 1972)

ORIGINAL
ASPHALT RECOVERED ASPHALT

MICRO COMPOSITION
PEN. VISC. PEN. PEN. SOFT VISC.

SAMPLE I CONTRACT 77OF. 275OF. 77OF. 39.2OF. POINT VISC. 60OF. I

NO. I NO. dram. c:s. dram. dram. OF. 275°F. X104 % ASPH. i % SAT. % L,AROM. % H, AROM.

3 60-200 , 95 205 48 18 132 352 7900 28 18 22 32
5 95 205 48 18 132 352 7900 28 18 22 32
8 95 205 35 12 132 369 9350 28 18 22 32

12 60.200 95 338 55 25 134 553 2910 36 13 24 27
15 95 336 55 25 134 553 2910 36 13 24 27
18 95 336 32 13 138 234 4060 36 13 24 27

21 60-200 95 427 41 13 134 784 8100 30 9 24 37
73 95 427 41 13 134 764 7020 30 9 24 37
26 95 427 41 13 134 784 7020 30 9 24 37

27 63-088 87 338 32 FI 13,1 630 9£,00 27 13 23 36
28 87 338 35 15 134 646 7840 27 13 23 3_

30 61-078 84 425 3_ 9 131 760 9750 33 9 23 35
31 84 425 38 9 131 760 9;>50 33 9 7,3 35
32 84 425 38 9 131 760 9250 33 9 23 35
33 84 425 38 9 131 760 7600 33 9 23 35

34 84 425 37 15 133 762 7600 33 9 23 .'15
35 84 425 37 15 133 762 6250 33 9 23 35
36 84 425 34 14 134 830 6250 33 9 23 35
37 84 425 34 14 134 830 6250 33 9 23 35

38 61-025 87 208 32 15 133 395 11000 29 13 24 34
39 8! 708 32 15 133 ,"_5 11000 79 13 74 34
40 87 208 26 3 138 464 14000 29 13 24 34

41 87 208 25 3 138 4fi4 14000 _ 13 74 .'14
42 87 208 34 11 133 393 10000 29 13 24 34
43 87 208 34 11 133 393 10000 29 13 24 34

44 60-102 171 141 33 21 142 801 9250 30 15 74 31
45 171 141 50 24 130 435 4000 30 15 24 31

50 60.193 89 331 36 19 141 875 10900 35 14 21 30
51 89 331 36 19 141 875 10900 35 14 21 30
52 89 331 38 20 137 828 7100 35 14 21 30

5.'1 89 331 38 20 137 81_8 7100 35 14 - 21 30
54 89 331 36 20 109 725 8900 35 14 21 30
55 89 331 36 20 139 775 8900 35 14 21 30

156 60-123 96 211 40 18 133 378 8250 27 17 21 35
57 96 211 40 18 133 378 8250 27 17 21 35
58 98 211 38 17 133 398 7500 27 17 21 35
59 96 211 38 17 133 398 7600 27 17 21 35

60 96 211 38 16 127 410 7250 27 17 21 35
61 95 211 38 16 127 410 51?0 27 17 21 35
62 98 211 48 18 128 330 5170 27 17 21 35
63 96 211 48 18 128 330 5170 27 17 21 35

70 59-062 161 256 68 28 122 414 2080 26 16 21 37
71 , 161 256 57 28 125 447 2080 26 16 21 37
72

I 161 256 63 26 123 377 4950 27 16 21 37

73 60-041 145 222 52 17 127 005 4040 32 16 21 31
74 145 222 52 25 128 437 4420 32 16 21 31
75 145 222 53 25 129 449 4210 32 16 21 31

76 60.187 163 171 87 36 121 204 1680 31 14 24 31
77 I83 171 61 2"7 126 234 2510 31 14 74 31
78 183 171 65 29 126 234 3000 31 14 24 31

80 59-177 170 139 83 26 120 213 3110 22 16 27 35
81 170 139 87 24 119 192 1930 22 16 27 35

I .....

82 62.138 144 277 81 32 117 386 2370 29 12 20 29
83 144 277 81 32 117 386 2370 29 12 70 ._
84 144 277 60 22 178 471 7030 _ 12 20 30
85 144 277 60 22 128 471 2030 P3 12 20

86 62-030 180 313 63 28 125 627 2040 31 9 25 35
87 IRO 313 63 28 125 627 2040 31 9 25 35
88 180 313 63 27 126 663 2140 31 9 75 35
93 180 313 44 18 129 704 5570 31 9 25 35

102 61-188 84 205 50 12 121 284 5390 23 14 28 35
103 84 205 43 12 12_ 301 7950 23 14 28 35
105 152 142 62 20 120 273 2780 18 19 25 38

106 157 142 99 28 116 230 875 18 19 25 38
107 84 205 93 70 118 237 1150 22 I? 79 33
108 84 205 50 20 129 358 3150 22 17 29 33

111 53.023 90 350 20 9 138 999 12750 37 9 21 34
112 90 350 27 15 141 999 11200 37 9 21 34

113 49.051 - -- 33 21 130 600 5540 71 12 23 44
114 -- 35 17 132 580 5850 21 12 23 44
115 - 38 18 132 592 5900 21 12 23 44

I

116 57.121 _3 36
117 23 36
118 23 36

119 23 36
120 73 3_
121 23 38
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Table B.9 Continued.

ORIGINAL
ASPHALT RECOVERED ASPHALT

VI_C. I MICRO COMPOSITIONPEN. PEN. PEN. SOFT VISC.

SAMPLE I CONTRACT 77°F. 275°F. 77°F. 39.2°F. POINT VISC. I 60°F"NO. I NO. dram. ¢$. drnm. dram. OF. 275°F. Xl04 % ASPH. % SAT. % L.AROM. % H. AROM.

122 58-277 175 270 61 22 124 512 2630 33 11 24 32
123 175 270 43 19 132 670. 4540 33 11 24 37
124 175 270 56 24 122 544 2380 33 11 24 32

125 64-140 153 226 53 22 129 444 3550 30 13 26 31
I;26 153 226 53 22 128 403 I720 30 13 26 31
127 153 226 53 21 125 430 3050 30 13 26 3I

17FI 153 226 47 24 126 40R 3810 30 13 76 31
129 153 226 53 24 125 401 2610 30 13 26 31

190 64.012 153 223 76 44 116 314 1230 33 17 24 31
13I 153 723 47 17 127 438 2260 33 12 24 31
132 153 223" 62 25 124 358 2140 33 12 24 31
133 153 223 41 22 128 458 2430 33 12 24 3 I

134 153 223 48 19 128 346 4200 33 12 24 31
135 153 223 44 19 126 436 5320 33 12 24 31
136 153 223 47 19 124 427 3120 33 12 24 31

137 62.065 85 420 43 10 120 586 4970 29 11 70 31
138 85 420 46 19 127 540 4100 29 11 29 31
139 85 420 62 24 124 604 3620 29 11 29 31

140 56.304 176 257 40 15 125 660 2520 33 10 27 30
141 176 252 34 15 132 725 8360 33 10 27 30
142 I76 252 53 20 132 701 3030 33 10 27 30

144 62.185 151 250 97 38 115 354 809 24 15 31 30
145 151 250 63 29 128 483 2800 24 15 31 30

146 52.080 90 350 27 12 134 717 9700 24 11 22 43
147 90 350 26 15 133 846 10050 24 11 22 43
148 90 350 24 16 136 820 10900 24 11 22 43

149 90 350 31 18 136 842 17600 24 11 22 43
150 " 90 350 20 10 140 932 17700 24 11 22 43
151 90 350 22 1 I 134 899 12850 24 1! 22 43

152 90 350 26 8 141 758 14800 24 I 1 " 77 4,"1
153 90 350 36 18 139 886 18500 24 11 22 43
154 90 350 30 13 133 758 10800 24 11 22 43

155 53.048 90 350 31 13 136 827 7300 30 15 21 34
156 90 350 31 13 136 829 13600 30 15 21 34
I57 90 350 23 10 134 768 12800 30 15 21 34

158 61.124 87 382 41 17 132 669 4190 30 12 27 31
159 87 382 33 16 136 , 593 7200 30 12 27 31

160 87 382 27 9 132 404 8100. 30 12 27 31

161 87 382 24 17 130 424 11100 27 15 26 32
162 87 382 33 14 130 344 7330 27 15 26 32
163 87 382 41 12 128 315 5690 27 15 26 32

lr,4 61-113 85 450 44 17 129 631 6150 35 11 27 27
165 05 450 43 18 134 757 5620 35 11 27 ;97
166 85 450 28 14 136 005 10550 35 11 27 27
167 85 450 33 17 139 993 11300 35 II 27 27

1(;8 62-609 83 216 33 16 137 650 6400 26 15 • 25 34
169 83 216 38 10 132 619 6850 26 15 25 ,'14
1/0 83 216 39 18 • 130 612 7950 26 15 25 34

171 83 216 43 20 . 134 677 6530 26 15 75 34
177 83 218 37 20 134 661 6220 26 15 25 34
173 83 216 35 18 136 675 5960 26 15 25 34

174 59.038 164 259 44 21 137 572 3170 25 17 24 34
175 164 259 55 33 132 474 2100 25 17 24 34
116 164 259 . 41 22 130 541 4160 25 17 24 34

177 164 259 51 27 126 463 2070 25 17 24 ,)4
178 164 259 59 29 123 458 2660 25 17 24 34
179 164 259 54 26 126 416 3060 25 17 24 34

IRO 60-I22 159 139 55 20 127 273 6180 24 16 75 35
181 159 139 42 14 127 259 6080 24 16 25 35
182 159 139 53 15 122 242 5460 24 16 25 35

192 60.102 171 141 30 16 133 802 9600 34 14 22 30
193 171 141 33 18 134 753 8710 34 14 22 30
194 171 141 25 14 141 898 8050 34 14 22 30

195 60-183 1(;8 276 40 20 125 :_90 3070 29 19 25 27
19(; 168 226 43 17 127 424 4(;50 29 19 25 :97
197 168 226 48 17 122 262 6230 29 19 25 27

199 168 226 38 14 131" i 615 6360 79 19 25 27
199 168 226 51 23 131 i 502 4110 29 10 25 77
284 168 226 45 17 127 614 4000 20 19 25 27

2R5 61.052 168 243 70 24 122 418 2970 22 17 2R 33"1
2R6 I(;R 243 78 32 117 364 1950 22 17 29 33
7R7 168 243 80 29 124 382 2400 22 17 28 33
288 168 243 110 46 111 306 917 22 17 28 33

290 60-131 154 203 51 J 22 129 478 I 3360 33 15 23 70

l i

291 154 203 40 I 22 138 599 J 6350 33 15 23 20243 154 203 .45 20 134 505 5150 33 15 23 20
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Table B.10 As constructed asphaltic concrete for Arizona. (Way 1978)

Site Date Aggregate Grading Percent Passing Percent Density Air
Built Type 3/4 3/8 4 40 200 Asphalt Voids

SybilTop Lift 10/1975 "S&G 100 93 68 17 4.3 5.3 138.0 8.1
Sybil Bottom Lift 6/1960 S & G 97 81 64 23 8.3 5.3 136.3 10.6
Wilmot 12/1957 S&G 97 70 56 16 4.3 3.5 132.1 13.0
Marana 7/1963 S & G 99 78 60 19 3.4 4.9 140.6 9.3
CaxaGrande 3/I968 S&G 96 71 55 16 4.1 4.7 135.3 9.1
Williams Field 12/1966 S & G 96 69 52 16 5.1 4.3 138.9 8.2

Tonopah 2/1975 S&G 96 72 55 14 3.6 4.9 140.6 6.5
Upper Deer Valley 7/1964 S & G 98 67 47 17 6.9 4.8 136.0 12.0
AguaFria 8/1964 S&G 97 70 49 14 6.0 4.5 138.5 12.3
Sunset Point 8/1964 S & G 99 69 51 19 5.7 4.4 140.6 11.1

Cherry 10/1969 S & G 98 75 60 19 7.8 4.7 149.0 6.0
Sedona 8/1960 S & G 98 72 54 21 7.0 4.4 143.6 10.3
Kachina 7/1974 Basalt 99 77 54 9 3.6 6.2 131.1 8.0
Beilemont 10/1965 Cinders 100 78 54 18 6.0 7.7 115.6 22.4

Woody Mountain 10/I968 Cinders 96 74 59 25 6.9 6.4 129.5 9.1
Winona 7/1969 Limestone 98 70 50 22 7.5 5.9 129.1 7.9
Dead River 6/1960 Basalt 99 47 17 4 2.6 4.0 140.4 12.9

Crazy Creek 9/1961 Basalt 98 62 32 9 5.7 4.7 142.2 11.8
Alpine 9/1973 Basalt 97 63 41 15 6.6 6.4 139.7 8.0
Ash Fork 11/1964 Cinders 100 73 49 18 9.1 7.9 126.0 19.1
Avondale 12/1956 S & G 90 67 58 27 3.0 3.7 140.0 9.0
Benson 5/1965 Granite 98 70 53 22 5.6 4.9 135.6 10.6
Cosnino 6/1969 Limestone 98 70 50 22 7.5 5.9 133.3 5.6
Cutter 6/1940 S & G 90 68 52 18 8.1 5 3

Flagstaff NB 9/1966 Cinders 98 80 61 20 7.6 11.0 120.0 10.0
Flagstaff SB 7/1974 Basalt 99 77 54 9 3.6 6.2 131.1 8.0
Gila Bend 1/1970 S & G 97 69 52 21 3.4 5.2 139.1 8.5
Minnetonka

Top Lift 5/1972 Cinders 100 92 73 17 4.6 10.1 118.2 12.8
Middle Lift 7/1958 S&G 100 80 61 31 8.0 4.3 134.9 10.1
Bottom Lift 5/1958 Sand 100 97 95 51 6.0 3.3 120.1 14.2

Show Low 7/1946 Cinders 100 98 66 13 3.1 11.5 ---

Tempe 1/1961 S & G 99 72 53 21 4.5 4.0 138.3 8.3
Topock 6/1966 S&G 97 84 70 33 5.5 4.0 133.1 11.4

*S & G is sand gravel from mixed rock sources.
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Table B.II As constructed asphalt properties for Arizona. (Way 1978)

Unagcd Aged

Site Pen. @ 77 F Abs. Vise. Kin. Vise. Pen. @ 77 F Abs. Vise. Kin. Vise.
@14OF @ 275 F @ 140F @275 F

Sybil Top Lift 170 774 2.33 62 1,482 3.29
Sybil Bottom Lift 145 m ___
Wilmot 129 m __
Marana 93 _ 51 ....

Casa Grande 89 1,165 2.75 47 2,421 3.43
Williams Field 96 1,30I 2.00 53 2,515 2.69
Tonopah 58 1,819 2.54 33 3,584 3.45
UpperDeerValley 93 1,015 2.13 50 ....
AguaFria 128 520 1.67 75
SunsetPoint 89 1,062 2.05 48 ....

Cherry 94 887 1.97 46 _m
Sedona 132 , 64 ......
Kachina 104 883 2.00 64 1,657 2.44
Bellemont 224 95 .....
Woody Mountain 87 1,121 1.90 56 2,261 2.56
Winona 96 1,040 2.10 60 2,340 2.52
Dead River 89 _ 50 .....
Crazy Creek 93 _ 46 ......
Alpine 99 772 2.75 58 1,608 3.28
Ash Fork 254 145 _
Avondale 159 ......
Benson 135 402 1.71 72 813 2.10
Cosnino 98 802 2.15 52 1,754 2.62
Cutter Cut Back ........
Flagstaff NB 140 861 1.50 66 1,786 2.O1
Flagstaff SB 104 883 2.00 64 1,657 2.44
Gila Bend 87 1,078 2.63 46 2,333 3.02
Minnetonka

Top Lift 99 912 2.60 60 2,475
Middle Lift 219 _
Bottom Lift RC-3 Cut Back 8.1 .......

Show Low Cut Back .....
Tempe 90 49
Topock 92 819 1.60 51 1,7OO 1.98
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Table B.12 Post construction asphalt properties for Arizona sampled March 1976.

(Way 1978)

Site Age in Pen. Micro Abs PercentVise. Vise.
Months @77 F (25 C) @77 F (25 C) @ 140 F (60 C) Asphahcncs

I. Sybil Top I.ift 5 75 1.4 1,250 25.1
2. Sybil l',ottom Lift 189 12 79.0 27,294 46.5
3. Wilmot 219 6 280.0 Too Viscous 46.0
4. Marana 154 8 l 73.0 Too Viscous 39.2
5.CasaGrande 96 I0 150.0 123,000 36.2
6.WilliamsField IIl 5 350.0 Too Viscous 43.4

7.Tonopah 13 23 17.5 8,200 29.3
8.Ul,pcrl)cerValley 140 8 210.0 Too Viscous 39.5

9. Agua Fria 139 15 46.5 41.200 35.4
10. S, nsct Point 139 16 41.2 19,600 32.2
II.Cherry 77 23 19.0 7,120 28.2
12. Sedona 187 14 51.3 43,510 36.9
13. Kachina 20 34 7.9 4.420 22.4
14. P,cllemon t 125 25 14.1 5,030 30.1
i 5. Woody Mountain 89 15 42.2 112,700 31.6
I 6. Winona 80 19 29.6 8.940 28.0
17. l)cad River 189 7 201.0 Too Viscous 41.2

18. Crazy ('reck 174 6 226.0 Too Viscous 40.3
19. Alpine 30 57 2.4 2,920 21.5
20. Ash Fork 136 22 21.1 10,200 28.7
21. Avondalc 231 8 250.0 Too Viscous 40.2
22. Benson 130 32 8.6 5,130 24.6
23. Cosnino 81 27 12.1 18,350 36.2
24. Ct, ttcr 429 16 36.4 22,500 41.2

25. Flagstaff N i_ 114 19 25.4 7,640 29.3
26. I:la_.staff SI| 20 59 2.1 2,240 22.9
27. Gila Bend 62 18 30.1 14,740 31.0
28. Minnctonka Top 46 19 26.1 18,270 33.3
29. Minnctonka Middle 212 17 33.6 20,230 38.7
30. Minnctonka Bottom 214 5 539.0 Too Viscous 43.6
31. Show Low 356 44 4.7 4,640 27.7
32. Tempe 182 6 275.0 Too Viscous 41.1
33. Topock 117 6 368.0 Too Viscous 42.1

!
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Table B.13 Asphalt aging determined from Minnetonka-East project cores in

Arizona. (Way 1978)

Asphalt Unagcd March March March March March March
Grade May 1972 1973 1974 1975 1976 19771972

Penetration @77 F (25 C)

40/50 48 34 14 11 12 14 11
85/100 103 36 30 23 21 19 15

120/150 144 115 -- 43 39 23 26
200/300 242 89 70 70 54 31 33

Micro-Viscosity @77 F (25 C) in Thousandsof Poises

40/50 3.49 7.78 53.90 87.50 69.20 51.9 91.0
85/I00 .88 6.69 10.20 18.20 21.40 28.3 45.5

120/150 .43 .57 4.64 5.60 26.3 16.3
200/300 .13 .97 1.61 1.59 2.90 9.8 8.5

Absolute Viscosity @ 140 F (60 C) in Poiscs

40/50 2,492 6,622 37,732 44,782 38,269 34,500 36,310
85/100 1,018 5,443 8,322 14,272 35,510 10,200 20,520

120/150 542 822 3,627 3,962 7,120 7,520
200/300 258 1,006 1,410 1,423 2,329 4,4660 6,070

PercentAsphaltencs by Weight

40150 30.1 33.6 30.2 32,7 29.6 35.6 33.00
85/100 26.2 36.4 29.4 _m 35.5 36.3 33.4
120/150 28.1 32.5 26.3 28.4 31.4 30.6

200/300 20.0 26.4 26.4 26.9 27.3 30.2 29.8
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Table B.14 Average rut depth in inches for Arizona. (Way 1978)

Site 1973 1974 1975 1976 1977

Sybil .21 .23 .25 *olay ---
Wilmot .45 .50 .59 .62 .65

Marana .19 .20 .22 .22 .24
Ca.sa Grande .20 .23 .30 .31 .32
Williams Field .16 .20 .21 .23 .26
Tonopah -- -- .I0 .12- .13
Upper Deer Valley .14 .18 .27 .30 .33
Agua Fria .16 .18 .20 .21 .25
Sunset Point .15 .17 .20 .21 .22
Cherry .17 .18 .20 .20 .21
Sedona .18 .18 .20 .20 .22
Kachina "*cone ....
Bellemont .28 .30 .33 .36 .42
Woody Mountain cone .....
Winona .15 .19 .23 .27 .30

Dead River .14 .18 .24. olay
Alpine -- .10 .12 .13 .15
Ash Fork .08 .11 .15 .21 .26
Avondale .02 .09 olay -- --
Benson .18 .22 .26 olay
Cosnino cone ....
Cutter .09 .10 .14 .16 .20
Flagstaff NB .08 .16 .25 .26 .27
Flagstaff SB cone ....
Gila Bend .14 .14 .15 .15 .16
Minnetonka olay-1972 .....
Show Low .24 .30 .37 .40 .41
Tempe .05 olaf -- --
Topock .20 .20 .22 .24 .24

"overlay
* *concrete

B-26



Table B.15 Average percent cracking for Arizona. (Way 1978)

Site 1973 1974 1975 1976 1977

Sybil 2 2 3 *olay
Wilmot 80 80 80 80 80
Marana 3 5 7 9 12
Casa Grande 0 0 0 1 1
Williams Field 1 1 2 3 5
Tonopah m -- 0 0 0
Upper Deer Valley 2 4. 6 8 10
Agua Fria 1 1 1 1 2
Sunset Point 1 1 1 1 2

Cherry 1 I 1 I 1
Sedona 1 1 2 3 3
Kachina **cone .....
Bcllemont 70 70 70 70 70
Woody Mountain cone ....
Winona 12 18 30 40 olay
Dead River 28 35 olay olay
Crazy Creek 30 39 50 olay
Alpine -- O O 1 I
Ash Fork 15 20 24 29 35
Avondale 39 43 44- 47 51

Benson 10 12 14 olay
Cosnino cone ....
Cutter 32 32 35 40 50
Flagstaff N B 8 10 12 13 15
Flagstaff S B cone ....
Gila Bend O O O O O

Minnetonka olay-1972 .....
ShowLow 75 7.5 75 75 75

Tempe IO olay -- _
Topock 0 0 1 1 1

*overlay
**concrete
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Table B.16 Test results of recovered asphalt for Wyoming: Progressive studies
(Gietz and Lamb 1968)

Sample Types: 0 " Origtna|; S-R " Service, Recovered

Calculated

So(tenth s Penn- SeLf[hess Pavement Atr
S*mpl e _ampIe Sa_p| e Age Crick Penn- Point trat ion Modu It,_ F/A Voids

Lncatlnn Type Yr.- Mo. Spacing tratlon oF index KR/Cm_ Ratio Percent
2 hr. 32°F

Bosler Ho. I ._-R 1-2 None 62 Ill -2.1 0.2 0.54 3.2
5-R I-7 None 40 124 -i.7 1.$

Rn_ler Hn. 2 $-R I-6 tlone ',5 )17 -2.2 0.7 0.67 6.9
l- In Hone 27 129 -2.O 2.0

Rock RLver- O O -- 77 IiO -l.q O.I
Hc F,',,Iden S- R I - 2 N()n,. 2', 129 - I. 7 3 • 0 0.28 $ • 0

S-R 1-7 Hone 25 121 -1.6 3.0

RoCk Rivet- 0 0 -- ;7 III -I.8 0.1
North S-R I-3 Hone 23 128 -I .8 6.0 0.60 5.6

5-R I-8 None 3L 123 - 1.9 4.0

SoderRreen O O -- 71 112 -2.0 O. |
S-R I-3 Hone 61 121 -1.8 1.$ O.30 6,3

" l-g None 45 120 -I.$ 0.6

._tl_|t Hn. I 0 O -- 1_4 lOB -2.2 0.2
_-R 0-6 None 12 126 -3.3 -- O.$7 11.6
S-R O-8 H,me 40 120 - 1.8 1.O

._;,,m'_ItNo, 2 0 0 -- 79 109 -2.0 0.I

S-R 0 -_" None 16 141 -l. | 3.0 0.52 7.2

Rnck SprinRs
T'l.,,t R_,n;_1

C_rn No, I

(IOI,) S-R I-9 Hone 57 120 -0.9 0.2 0.21 6.6
C,,re f:o. 2 S-R 1-9 Hone 64 117 -1.3 0.2 0.29 4.8
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Table B.17a Test results of recovered asphalt for Wyoming: Performance samples.
(Gletz and Lamb 1968)

5ample Typel! O " Or| anal; S*R " ServLce, Recovered

Pene- CalculatedSoftening StL[fness Pavement Air

Sample Sim1_le Sample ARe , Crac5 P,ne- Point trstLon Nod_,|u_ F/A Voids
Location _ype Yr.- Hnn. ;pacinR tr ,tlon oF I [ndex KR/Cm" RatLo Percent

I 2 h_ _2°F

Woods I.andinR- ;-R 8-6 None 16 134 +O.| 0.7 0.37 5.8
W_*t

N-,nLaln IIome 5-R 8-b _9 ft _3 128 -I.8 2.0 0.36 |L.E

SoderRreen- 5-R 2-6 None _1 124 -l.b O.S 0.28 6.t
West

Ilerrlck Lane S-R 8-6 25 [t 22 13_ -|.4 5.0 0.27 9.O

Pshlnw Lsne S-R "5-6 54 ft Ig 139 _i'i b.O 0.28 9.7

.armnny,.ane s-R 5-6 103 22 ,41 i ., 4.0 016 7.4
Flaming Gorge S-R 3-0 None 59 113 .2.| 0.3 0.26 9.8

Walcott S-R 2-0 None 45 114 .2.7 2.0 O.45 9.6

Table Rock Base 7 50 ft. 2? 127 -1.8 4.5 O.6l t|.6

Table Reck ? 50 |t. 18 134 -1.7 10.O O._6 8.1
S.rface

Rock Springs
ALrpnrt

Core No. L
(108) 2-9 None 30 |27 -1.5 |.5 0.24 L2.O
Core No. 2 2-9 None 55 125 -i.6 L.$ 0.23 L2.S

Rock SprLnRs
Superior Jet.

Core No. I
(113) 2_g None 23 133 -1.6 5.0 O.6? 8.4
Core No. 2 2-9 None 30 L24 -2.O 3.0 0.45 9.0

Wam_utter
Care No. 1 ? 80 ft. 2_ 128 -I.8 5.0 0.24 4.8
Core No. 2 7 00 ft. 23 |29 -l.S _.0 0.2| 5.5
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Table B.17b Test results of recovered asphalt samples for Wyoming: Beacon Hill
Site. (Gletz and Lamb 1968)

,_A_p|e Typri: O " OrlRlnat; S-R Service, Recovered

C_lc,,iat_d

Softenln R Pene- Stlffnell Pavement ALr
Snmple $nmpl e Snmple ARc Crnck rene- PoLnt tre_lon Hndulua F/A VoLds

I,,cnt Ion Type Yr.-Mn. 5pnc [nR trmtion eF Index KR/Cm2 Rat|o Percent
12 hr. 32"F

Be._con Itlll
North Site
Northbound Lane

M._r S-R 6-6 50 ft. 9 156 -O.6 50.0 0.76 1,5.4
S,,r f_ce S-R 6-6 .50 tt. 1,5 tag -0.5 10.0 0.31 9.9

So.thhou.d Lnne

B._- S-R 6-6 50 ft. 12 t5I* -0.3 21.O 0.52 16.2
Sur fnce S-R 6-6 50 it. i0 160 -0.3 40.0 0.31 8.9

Snitch Site
Northbound Lane

B_se ._-R 6-6 Ext r_me. IO 156 -0.'5 2.5.0 0.67 12.7
SurEece S-R 6-5 (SpaclnR 10 161 -0.2 30.0 0.25 9.6

exceeds

Southbnund L_ne 1000 ft.)
n,,q_ S-R _- 6 I0 14.5 -O..5 6.0 O. 52 1.5.9
S, rf_ce S-R 6-6 |8 161 -O.8 6.0 0.24 11.2
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Table B.18a Results of IGLC tests for Wyoming: Progressive samples. (Gietz and

Lamb 1968)

Sample Type: A-O - OtISInal Asphilt; f.H. * Pl*nt Nix (uncompleted); Core * Semp|e from Completed Road

Calculated Phenol

SampLe Snmp|e Soften- Peso- Stiffneea _fp Trt- Piper- Air Crack
ARe Pone- ink tratton Modui_s Initial after ethyl- [dine Voids Spat-

Location Type tr- He ttntlnn Point Index ER/Cm" Ip Oxlda- amine lp (?c_) ins
oF 12 hr. 32°F finn Ip

Roqlpr A-O 0 ........ 128 34 -6 --
Ho. I P.H. O ........ 127 25 *1 62

Core 0-9 ........ I30 24 2 62 3.0 Hone
Core 1-2 62 III -2.1 0.2 118 32 6 65

Core 1-7 40 124 -I.? 1.$ 125 30 4 72

Rn*ler Core I-4 4$ 117 -2.2 0.7 !14 19 1 65 4.9 Hone
No. 2 Core I-IO 27 t29 -2.0" 2.0 120 13 $ 52

Rock A-O 0 77 II0 -I.9 O.i 125 II -2 60
River- ?.N. 0 ........ 122 11 0 51
McFadden Core 0 ........ 120 IO 0 $1

iCnre 0-B ........ I18 I0 4 51 4.6 none
Core I-2 26 129 -I.7 3.0 119 9 2 67
Core I-? 25 127 -1.6 3.O 126 8 1 65

Rock A-O 0 77 I1| -1.8 0.1 123 It -I 60
River- P.H. 0 ........ 125 6 2 53
North Core 0 ........ 125 6 0 54 5.3 Hone

Core 0-8 ........ |20 9 *1 56
Core I-3 23 128 -l,S 4.0 123 IO 6 m
Core I-6 31 123 -1.9 4.0 123 IO 1 54

Snder- A-O 0 71 112 -2.O O.I 131 29 -I 61

sreen P.H. O ........ 134 23 -I 79
Core 0 ........ 127 26 1 53 6.2 None
Core O-S0 ........ 131 21 6 65
Core 1-3 41 121 -l.S J.5 126 28 1 67
Core 1-8 45 120 -1.5 0.6 135 18 3 68

Sumit A-O 0 S4 108 "2.2 0.2 118 40 -2 59
No. 1 P.M. 0 ........ 128 31 0 57

i Core O-& 12 12b -3.3 N/A 126 28 6 69 i1,5 None
Core O-10 60 120 -I.8 l.O 130 23 O 66

Summit A-O 0 79 109 -2.0 0.1 122 36 -i 61
P.H. 0 ........ 118 36 i 5 68 7.2 Hone
Core 0-4 16 141 -I.I 3.0 120 31 i 63

• Ip values in exceea of 150 are reported ea Infinite.

Table B.18b Results of IGLC tests for Wyoming: Performance samples. (Gietz and

Lamb 1968)

Ssnq_le Type: A-O - Ozigtnal Asphalt; P.H. u Pleat HIx (uflcoi_ected); Core - Sample Item Completed Rood

JSn_le Calculated Phenol

Sample Soften- Pone- Stiffness Alp Trt- Pl )er- Air Crack

Age i Pone- in s ration Hodul_8 Initial after rthyl- ld Lne Voids Spat-
Location Type |Yr- 11o [ tration Point Index gs/Cm z Ip Oxt_l- *,_tne [p (Pot.) in s

I of 12 hra _2OF tlon lp
!

Iterrlck Cote [ 8-8 22 13A -i.& 5.0 138 I l& 16 P3 9.0 25 ft

Lane "1 I J

P*hlov Core I s-6 :+ 139 *l.I 5.0 143 6 19 P3 9.7 54 It
Lane

_armony Core 5-6 2Z Z41 -O.7 4.0 127 7 PS 7.6 IO) LC
Lane

Woods Core 8-0 ........ 132 16 2 34 5.8 Hooe
I-qndin 8- Cote 8-5 66 134 O.1 0.7 132 19 5 58
t/eat

_Otlnta|o Core 8"6 25 128 -1.8 2.0 134 16 20 i1.6 69 It
IIome

Snder- Core 2-0 ........ 131 20 4 6? [ 6.0 Hone
gr**n Core 2-6 41 121 -l.8 0.5 127 27 7 98

West i
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Table B.22 Summary of physical properties of recovered asphalt cement for West

Texas. (Anderson and Epps 1983)

Hi,lhway Section

PM US 285 US 2BS

Property 1-20 1-10 10S3 SH 18 (186} (195)

Penetration at 77°F (2S°C), dmm 1B 1S 21 31 2S 32
22 IS 21 $5 S 20
1S 14

Penetrationat 3g.2°F(4°C).dm IS g 10 Ig 10 12
7 S 12 22 0 11
I0 g

Penetration Ratio* 83 60 48 61 40 38
32 33 51 40 SS
67 64

Viscosityat 77°F (25^C),x 106 29.0 23.0 14.8 8.4 15.6 In.O
poises 21.0 32.0 21.8 6.4 22.0

38.0 4/.6

Viscosity at 140*F (60"C)poises ** ** *" ** "*

Viscosity at 27S°F (135_C), poises lO.S 10.8 11.S 7.7 S.g 7.5
7.9 12.1 12.0 3.6 10.9

11.2 ll.l

SofteningPoint °F ( °C) 157(69) 161(72) 160(71) 130(54) 140(60) 151(&6)
R & B 155(68) 164(73) 153(67) 126(52) 185(85) 156(69)

161(72) 167(7s) i
*Penetration 39.2 *F 200_, 60 sec, 39°F
PeneLr--aEionat -/-7_fm X 100, Loading iOOg,---S-se'_, _Te-_"

**Too hard to test
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Table B.23a Field condition evaluation data for West Texas,
Summer 1974 (Anderson and Epps 1983).

Highway Section

FM "J US 285 US 285

1-20 1-10 1053 J SH 18 (186) (195)

PavementRaLinq

PRS 34 75 8Z 90 9Z 87

Serv$ceab|l$ty Z.4 4.0 4.4 4.2 4.S 4.4Index

Length of Crack|ng
ft/lO0 ft (1974) 75 60 63* ) 0 91

I
Length of Cracking 180 120 0 0 0 t41(1976)

Dynaflect
0.293 0.085 0.329 0.176 O.EO9 0.157

o 0.071 0.051 0.084 0.075 -

*Later 4nspectton tn 1976 showedthis cracking tO be away from the
test slab,

Table B.23b Predicted cracking temperature for West Texas-Limiting Stiffnessof
1 x 10g N/mz (1.45 x 105 ps_ (Andersonand Epps 1983)

Softening Potnt Pred4cted Cracktng
Pavement R&B TemperaLure'*
Section "F °C *F "C

I-SO 158 70 -4 -20

]-I0 164 73 +1.4 -17

FH 1053 156 69 -5,8 -21

SH 18 128 53 -34.6 -37

US 285 140" 60* -2Z -30(186)

US 285 154 68 -7.6 -22
(19s)

*One test only.

**Tem_erature difference from R&8softening point for P. |. • -1.0 •
90°C from Van der Poe1 non.graph at 1/2 hour |oading t_me.
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Table B.24 Original and recovered asphalts from Texas field test sites I through

14. Viscosity at 77°F for sample from each site possessing highest
microductillty value. (Traxler 1967)

AF., of _ample Ductility (_ 77 F'. VlseoHtF (_ 77 F.
Silo Producer Havln_ llighest @ 0.5 cm./min., Megapoises

Ductility at "/7 F. cms. 5 x 10"= see. .1

3 $ Ori¢lnat 5.1 1.00
4 11 Orli:Inal 4.3 I.17
0 3 Oril::Inal 5.0 1.18

10 11 Plant 5.8 t.2R
11 6 Plant 10.4 1.45
1 3 Plant 6,1 1.90
2 15 Paver 8. I 1.00

12 2 One Day 6.8 2.05
13 5 Two Weeks t_.0 2.20
5 7 Paver 7.3 2.40

$ 7 Paver 0.9 2.r,0
7 15 One Day 4.2 2.8S

14 G Fmar Monthn 10.2 2.92

Table B.25 Asphaltene contents for Texas test sites, percent. (Traxler 1967)

Site Refinery Original
One Year Two Years

I 3 22.6 24.0 25.0
9 3 25.8 30.6 26.6

11 6 4.9 8.2 11.6
14 6 2,0 6.8 6.9

6 7 14.4 22.1 23.7
8 7 20.0 2S.4 21.0

4 11 19.5 23.4 22.4
10 1 i 20.5 24. i 25.2

7 15 13.3 ]9.9 18._3

12 2 13.7 22.0 24.0

13 5 9.4 11.5 13.9

Averale 15.0 19.8 19.9

Table B.26 Viscosities (poises) of petrolenes at 77°F for Texas. (Traxler
1967)

Viscosities of Petrolenel Poises,""
at 77 F., from Ratio

Site Refinery Original Asphalt Extracted VIe (2)/VIe (1)After 2 Years 01
Asphalt (I) Service In Pavement (2)

I 3 5,220 8,000 1.65
0 3 7,600 9,600 1.25

I i 6 4"/,600 278.000 5.85
14 6 75,000 1,600,000 20.10

0 7 17.000 21.000 1.25
S 7 10,800 25,000 2.30

4 11 4,780 .......
10 il 4,040 4,700 1.15

7 15 16.700 26,000 1.55

12 2 29.800 31.200 1.05

13 5 70,000 200,000 2.95

AvernF.c 26,230 221.010 3.9
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Table B.27 Flow properties of original 90 penetrations asphalts and those

recovered from mixtures with various aggregates for Texas. (Traxler
1967)

Sliding Plate Vlscometer.
at 5 × I0 "= sec. I Vacuum Capillary. Stokes Pen. at

Site Pro- Age of IL'tte of Shear--Megapolses 77 F.
ducer Sample 100 gin./5 sec.77 F..R.V. 95 F. R.V. 140 F. R.V. 275 F. R.V.

1 3 Original 1.15 -- 0.15 -- 1830 -- 4.35 -- 84
Plant ].90 1.65 0.20 1.35 2040 1.1 4.80 1.1 66
Paver ..................

1 clay 3.15 2.7 0.36 2.4 3610 2.0 5.35 1.2 52
2 weeks ..................
4 months 10.3 8.95 0.55 3.7 6120 3.3 6.20 1.5 39
1 year 10.4 9.10 0.67 4.5 7070 3.9 6.25 1.5 36
2 years 10.6 9.25 0.93 6.2 8820 4.8 6.80 1.55 35.5

9 3 Original 1.18 -- 0.17 -- 1870 -- 4.00 -- 81.5
Plant 2.85 2.4 0.34 2.0 3860 2. l 5.30 1.3 53.5
Paver 2.82 2.4 0.43 2.5 4090 2.2 5.55 1.4 54.0
1 day 2.80 2.3 0.41 2.4 3910 2.1 5.60 1.4 55.0
2 weeks 5.56 4.7 0.48 2.8 4970 2.7 5.95 1.5 54.5
4 months 8.76 7.4 0.84 7.1 6710 3.6 6.40 1.6 44.5
1 year 12.00 10.2 1.44 8.5 10400 5.5 8.83 2.2 36.5
2 years 13.30 11.3 1.45 8.5 11190 6.0 8.90 2.2 32.5

11 6 Original 0.57 -- 0.06 -- 1100 -- 2.70 -- 99.5
Plant 1.45 2.6 0.14 2.6 2020 1.8 3.45 1.25 62.5
Paver ..................

1 day ..................
2 weeks 2.05 3.6 0.20 3.8 2440 2.2 3.80 1.40 54.0
4 months 8.60 15.2 0.34 6.4 3570 3.2 4.20 1.55 41.0
1 year 12.40 22.0 0.63 11.9 5610 5.1 4.75 1.75 29.5
2 years 15.40 27.0 0.70 13.4 6540 5.9 5.00 1.85 27.5

14 6 Orlgln,'tl 0.58 -- 0.075 -- 1280 -- 3.55 -- 98.5
Plant 1.03 1.8 0.096 1.3 1780 1.4 4.05 1.1 76.5
Paver ..................
1 day 1.10 1.9 0.118 1.55 1910 1.5 4.25 1.2 70.5
2 weeks ..................
4 months 2.92 5.0 0.168 2.25 2740 2.1 4.55 1.3 52.5
I year 6.20 10.6 0.304 4.05 3905 3.0 5.55 1.6 37.5
2 years 7.24 12.7 0.530 7.10 6815 5.3 6.60 1.95 33.8

6 7 Original 0.96 -- 0.11 -- 1150 -- 2.45 -- 79.0
Plant 2.50 2.6 0.22 2.0 1950 1.70 3.10 1.25 54.5
Paver 2.60 2.7 0.23 2.1 2010 1.75 3.20 1.30 51.0
1 (lay 3.00 3.1 0.25 2.3 2215 1.90 3.25 1.35 49.0
2 weeks 5.35 5.6 0.46 4.2 2500 2.20 3.35 1.40 47.0
4 months 20.80 21.5 1.06 9.6 5820 5.10 4.40 1.80 27.0
I year 23.60 25.0 1.52 10.4 7650 6.60 4.70 2.00 24.5
2 years 38.20 40.0 2.34 21.2 11680 10.10 5.00 2.05 21.5

8 7 Original 0.86 -- 0. I I -- 1160 -- 2.40 -- 80.0
Plant 2.35 2.7 0.34 3.1 1990 1.7 3.00 1.25 50.5
Paver 2.40 2.8 0.22 2.0 2040 1.8 3.00 1.25 48.0
1 day 2.80 3.25 0.38 3.5 2200 1.9 3.10 1.30 47.0
2 weeks 6.56 7.6 0.47 4.3 3320 3.0 3.45 1.40 38.5
4 months 12.40 14.3 0.73 6.6 4560 3.9 3.90 1.60 30.5
1 year 15.00 17.5 1.04 9.5 7390 6.4 4.46 1.85 26.0
2 years 28.60 33.0 2.26 20.5 12380 10.7 4.80 2.00 20.5

4 11 Original 1.17 -- 0.13 -- 1620 -- 2.60 -- 85
Plant 1.96 1.70 0.23 1.75 2270 1.40 3.20 1.2 66
Paver 2.06 1.75 0.26 2.00 2400 1.50 3.35 1.3 64
1 day 2.36 2.00 0.28 2.15 2520 1.55 3.85 1.5 59
2 weeks 2.56 2.20 0.38 2.90 2790 1.70 2.60 1.4 59
4 months 11.40 9.70 0.98 7.50 6130 3.80 4.25 1.6 40.5
1 year 12.40 10.65 1.06 8.20 7570 4.70 4.40 1.7 39.5
2 years 15.00 12.80 1.85 14.20 15100 9.30 5.50 2.1 33
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Table B.27 Continued.

Sliding Plate Viscometer.
at 5 × I0."a sce. _ Vacuum Capillary. Stokes Pen. at

Site Pro- Age of Rate of Shear--Megapolses 77 F.
dueer Sample I00 gin./5 sec.77 F. R.V. 95 F. R.V. 140 F. R.V. 275 F. R.V.

10 11 Original 1.12 -- 0.13 -- 1660 -- 2.85 -- 88.5
Ph'mt 1.28 1.15 0.16 1.20 2060 1.25 3.15 1.10 82
Paver 1.76 1.55 0.20 1.55 2370 1.40 3.45 1.20 71
1 day 2.10 1.90 0.22 1.70 2630 1.60 3.75 1.30 68.5
2 weeks 3.20 2.85 0.38 2.90 3560 2.15 4.20 1.50 56
4 months 9.30 8.30 0.76 5.80 6255 3.70 4.45 1.55 41
1 year 15.40 13.80 1.84 14.10 16690 10.00 6.10 2.10 33
2 years 23.00 20.50 2.46 18.90 20220 12.60 6.10 2.10 28

7 15 Original 1.00 -o 0.11 -- 1165 -- 2.75 -- 92.5
Plant 1.75 0.75 0.17 1.55 1660 1.4 3.35 1.2 75
Paver 1.85 1.85 0.24 2.2 2060 1.75 3.55 1.3 86

1 day 2.85 2.85 0.31 2.8 2430 2.1 3.70 1.35 58
2 weeks 4.35 4.35 0.33 3.0 2960 2.5 3.75 1.35 54
4 months 13.20 13.20 0.86 7.8 5370 4.6 4.45 t.60 36.5
i year 14.50 14.50 1.28 11.6 8100 6.9 5.00 1.80 33.5
2 years 21.40 21.40 2.20 20.0 15100 13.0 5.90 2.15 29

12 2 Original 0.86 -- 0.088 -- 1190 -- 2.25 -- 77
Plant 1.20 1.4 0.116 1.3 1430 1.2 2.80 1.1 68
Paver 1.40 1.6 0.130 1.5 1780 1.5 _.95 1.15 62
1 day 2.05 2.4 0.196 2.2 1995 1.7 3.15 1.25 55
2 weeks 2.20 2.6 0.210 2.4 2175 1.8 3.17 1.25 53.5
4 months 4.95 5.7 0.400 4.5 3340 2.8 3.70 1.45 39.5
1 year 13.20 15.3 0.690 7.8 8775 7.4 5.16 2.00 25.5
2 years 25.00 29.0 2.300 26.0 15600 13.0 6.97 2.75 19

2 18 Orlgll_'tl 0.90 -- 0.09 -- 1410 -- 3.35 -- 86
Plant ..................
Paver 1.90 2.1 0.24 2.7 2450 1.75 4.15 1.25 52
1 day 2.80 3.1 0.31 3.4 3200 2.30 4.35 1.30 44.5
2 weeks 3.20 3.6 0.39 4.3 3340 2.40 4.65 1.40 40.5
4 months 8.35 9.3 0.45 5.0 4510 3.20 4.90 1.45 35

1 year 12.00 13.3 1.06 11.8 8210 5.80 6.00 1.80 32
2 years ..................

3 8 Original 0.98 -- 0.13 -- 2650 -- 9.95 -- 77
Plant 2.30 2.3 0.30 2.3 4340 1.6 12.85 1.30 66
Paver 2.65 2.7 0.35 2.7 4930 1.8 12.70 1.30 60

I cL'xy 2.78 2.8 0.34 2.6 4980 1.9 12.30 1.20 58.5
2 weeks 3.50 3.6 0.54 4.1 6690 2.5 13.55 1.35 53
4 months 5.94 6.0 0.59 4.5 7865 3.0 14.49 1.45 47
1 year ..................

2 years 7.30 7.45 0.62 4.8 9225 3.5 14.50 1.47 44.5

13 5 Original 0.81 -- 0.074 -- 940 - - 2.60 -- 90
Plant 1.78 2.2 0.200 2.7 1590 1.7 3.30 1.25 59
Paver 1.98 2.5 0.200 2.7 1920 2.0 3.40 1.30 57.5
I day ..................
2 weeks 2.26 2.8 0.244 3.3 1990 2.1 3.5 1.35 52
4 months 4.66 5.75 0.250 3.4 2200 2.3 3.65 1.40 48

1 year 7.96 9.85 0.660 8.9 5690 6.0 4.35 1.65 30
2 years 17.80 22.00 1.160 15.7 7790 8.3 5.20 2.00 26
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Table B.28 Relative viscosities of the 13 asphalts hardened under various
conditions and times, temperature 77°F for Texas. (Traxler 1967)

Site i 2 3 4 0 7 8 9 10 11 12 13 14 Rsmge Averse

Laboratory Test' 4.2 2.7 2.7 2.7 6.35 3.2 5.1 4.7 2.7 3.2 3.2 2.55 2.8 2.55 to 6.35 ,1.55

Plant 1.65 -- 2.3 1.7 2.6 1.75 2.7 2.4 1.15 2.6 1.4 2.2 1.8 1.15 to 2.7 2.00

Paver -- 2.1 2.7 1.75 2.7 1.85 2.8 2.3 1.55 -- 1.6 2.5 -- 1.55 to 2.8 2.20

1 Day 2.7 3.1 2.8 2.00 3.1 2.85 3.25 2.3 1.9 -- 2.4 -- 1.9 1.9 to 3.25 2.00

2 Weeks -- 3.6 3.6 2.20 5.6 4.35 7.6 4.7 2.85 3.5 2.6 2.8 -- 2.2 to 7.6 3.95

4 Months 8.95 9.3 6.0 9.70 21.5 13.2 14.3 7.4 6.3 15.2 5." 5.75 5.0 3.3 to 21.5 9.90

1 Year 9.1 13.3 -- 10.65 25.0 14.5 17.5 10.2 13.8 22.0 15.3 9.85 10.6 9.1 to 25.0 14.30

2 Years 9.25 -- 7.5 12.8 40.0 21.4 33.0 11.3 20.5 27.0 29.0 22.0 12.7 7.5 to 40.0 20.S

• After Laboratory Hardening Test (see text).
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Table B.30 Standard test results of the 150/200 pen asphalts. (Hattingh 1984)

m

_, O _ E _" " _ U X aJ-4 C I t_- 0 _J I 0

o _ _= _o _ _o.

!

: _o o o :: =_ =

Asphalt: A 204 40.9 1400+ 99.90 0.10 60.0 1400+ 35

Asphalt B 167 40.0 1400+ 99.90 O. 13 62.3 1400+ 30

Asphalt. C 154 41.2 1400+ 99.95 0.37 54.2 1400+ 35

Asphalt D 195 39.9 1400+ 99.95 0.38! 57.4 |400+ 35

SABS _Spec i- |50- 36-

[Icatlon 200 43 |000 99.0 1.4 45 |000 3_

mSouth At'rlcan Bureau of Standards
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Table B.31 Michigan roads evaluated with high performance liquid chromatography

(HPLC). (Plummet & Zimmerman 1984)

Road Road( I) Year Course Asphalt Crude

No. Location Constructed Type(2) Content(2) Source(3)

Roads Exhibiting No Significant Crackin_

I US-]], Muskegon Co, 1964 O.g in. wear
2 mi. south 1964 1.0 in. leveling 4.9 Wyoming

Lakewood Road, NBL 1964 2.1 in. binder

2 1-96, Ottawa Co, 1961 l.l in. wear

8.5 mi. Post, EBL IgCl l.l in. leveling 4.7 Wyoming
IgCk Z.l in. binder

8 H-5Z, Ingham Co, 1972 l.S in. wear 5.8
0.1 mi. south Red 1964 0.2 in. seal (lowRiver

Cedar Bridge, NBL lqSZ Z.3 in. binder

9 MmS2, |ngham Co, 1972 l.g in. wear 5.8 Wyoming
Across from Roadside 1964 0.3 in. seal

Park Entrance, NBL Igsz 2.B in. binder

10 H-SZ, Ingham Co, 1977 1.3 in. wear
Station 373 + ZS, 1972 1.3 in. wear S.6 flowRiver
NBL 1964 0.2 in. seal & Wyoming

IgS2 l.g n. binder

Roads Exhibiting Crackin_

3 US-Z1, Clare Co, 1961 O.ll In. wear
I mi. north H-Cl 1961 l.O in. leveling 5.U Wyoming

Bridge, NBL 1961 1.9 in. binder

4 US-27, Clare Co, 1961 0.9 In. wear

l/Z mi. south Bailey 1961 0.8 in. leveling 4.9 Wyoming

Drive Bridge, NBL 1961 2.1 in. binder

5 US-27, Roscomon Co, 1961 0.7 In. wear
II4 ml. south Canoe 1961 1.1 in. levelin 9 5.0 Wyoming

Camp Road, NBL 1961 l.g in. binder

6A US-Z/, Roscomon Co, 1976 l.I in. wear
0.9 mi. north Canoe 1976 O.7 in. leveling 4.B

Camp Road, NBL

6 US-Z7, Roscomon Co, 1961 0.9 in. wear
0.9 mi. north Canoe 1961 1.4 in. leveling 4.8 Wyoming

Camp Road, NBL 1961 1.9 in. binder

I tlS-Z7. Roscomon Co, lgbl O.II _n. wear
1/4 - 1/2 mi. north lqbl 1.4 in. leveling 4.}1 Wyoming
Canoe Camp Road, SBL lgbl 2.1 in. binder

Comments

"(-[')-_'A-_lsamples taken in right wheel path.
NBL = north bound lane, EBL = east bound lane, SBL = south bound lone
Road 6A is an overlay on road b

i2) Extractions performed by Michigan Highway Dept. during road
construction.

(3) BOw River is a Canadian crude.
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Table B.32 Indiana roads evaluated with high performance liquid chromatography
(HPLC). (Plummer & Zimmerman 1984)

Road Road(_) Year Course Asphalt

No. Location Constructed T_pe GraOe

Roads Exhlbittn_ No Significant Cracktn 9

1 1-64, east of US-37 1976 3/4 in sand surface A[-60
WBL 1976 full depth ^C-ZO

2 1-64. east of US-37 1976 1/2 in. sand surface A[-60
WRL 1976 full depth AC-ZO

3 State 37, south of 1979 ] In. sand surface AE-60
[-64, SBL 1979 13 tn. full depth AC-ZO

4 State 37. south of 1979 5/8 In. sand surface RE-60
1-64, SOL 1979 16 in. full depth AC-20

Roads Exhlb|ttn 9 Cracktn 9

5 i-64. 90 mI. 1976 I/Z In. sand surface A[-60
marker, WaL 1976 full depth AC-20

6 State 37, 6 ml. 1980 1/2 tn. sand surface AE-60
north of |-69, NBL 1980 3 in. binder AC-20

1980 7 tn. No. Z open grade ....
1980 S in. subhase .....

7 State 37, south of 1979 S/8 in. sand surface AE-60

]-64. SBL 1979 IZ in. full depth AC*ZO
8 State 37. south of 1980 1/2 In. sand surface AC-60

1-64. SBL 1980 14 In. full depth AC-20

Comments

1) All roads were sampled $n the right wheel path.
SRL - south bound lane N_L • north bound lane
WOL - west bound lane EBL - east bound lane
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Table B.33 Asphalt properties for Pennsylvania (1961-1962 pavements). (Kandhal
1977)

Beaver Lycoming Washington Lebanon
Property I 2 3 4

Penetration at 77*F. 100 g, .Ss 96 69 76 76
Viscosity at 140° F, poises 2570 4024 3163 3000
Ductility at 60°F, 5 cm/min, cm 150+ 150+ 150+ t50+
Ductility at 39.2°F, 5 cm/min, cm 12.5 8.0 5.9 7.8
Softening point, ring and ball. °F IIg.0 122.0 123.2 126.4
i:lash point, * F 510 505 580 585
Thin film oven test

loss by weight, % 0.135 0.368 0.040 0.060
retained penetration, % 58.4 57.8 59.1 61.2

Rostler Analysis
asphaltenes 26.3 26.4 19.3 22.2
nitrogen bases 29.9 35.4 23. I 26.4
first acidiffins 14.0 9.5 5.9 8.4
._econd acidiffins 22.7 20.2 38.4 31.2
paraffins 7. I 8.5 13.3 I1.8

Properties of asphalt after
mixing in pug-mill

penetration at 770F, I00 g, 5 s 60 47 67 56
viscosity at 140°F, poises 7273 15 158 3800 5100
ductility at 600F, 5 cm/min, cm 39 19 24 45
ductility at 39.20F, 5 cm/min, cm 5.3 4.2 4.7 5.4
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Table B.3_ Properties of asphalts studied. (Sisko and Brunstrum 1969)

UNAGED TFOT

P_.'NF.- vascosrrY VJSCOSIT_' PENF.- ViSCOSiTY vlscosrr¥

IlPR TRATION " A'I"|_0 |_ AT 27_ F TRATION • AT 140 t' A'r275 F

,o. (I,M) (,.o,s,:s) (cs) (.M) (,.o,srs) (cs)

(a) 1954-55 SURVEY

92 1_9 14 I0 283 47 3700 436

39 8X 1660 385 51 4740 580
b 78 1460 357 46 480{) 553

19 91 1920 426 53 5540 659
9 91 1820 41 I 51 5080 655

62 85 1610 4311 55 4580 632
71 g2 1620 388 5,1 2720 481
97 9,1 21511 267 36 627{I 523
25 R5 30(|0 620 51 I I I(|0 11211
7,1 93 I160 495 64 2120 6_2

IX5 78 1470 365 48 3290 480
114 9,1 1270 3{16 54 3370 455

i All penetration_in thiq nnd in other tables are in declmlllimeters (dm) at I00 t:m. $ see. and 7"/ F.
bNot p_rt of the 1954-$$survey.
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Table B.35 Properties of asphalts extracted from roads. (Sisko & Brunstrum

1969)

VISCOSII"Y VISCOSI'I_'

PI!NI'- A'F140 F I'I'NF.- ^T 140 F
ASI'IIAI.T "IRA'IION (KILO- AT275 F ASI'ItAL'r "_^'rIoN (K..O- ^T 275 !

S.URCE (%) (')M) rozs,..'s) (cs) SouRCI.: (%) (.M) ,..,s,.:s) COS)

............ 19 23. ok1,. . .57 3.42 5,,9
5.(P3 39 26.4 942 5.06 ,13 4.32 578

Ky. 6.hO I6 145 1610 Ore. 5.88 38 5.25 47 I
6.75 21 84.2 1370 5.36 2(I 16.0 72i

III. 3.,q4 38 9.29 691 Tenn. 6.17 25 20.6 31,10
3.61 38 9.56 682 5.25 23 750 37If)

Md. 3.68 21 19.8 1100 Tcx. 3.80 28 33.0 19_0
3.x0 13 171 2520 3.27 28 25.7 1830

Mass. 5.18 I,I _ _ Wis. 5.23 27 46.7 1170
5.13 30 16.2 1060 4.6,1 30 39.2 1080

Ncb. 4.fi5 64 3.66 590 Wyo. 5.fi8 5{I 2.34 379
4.19 50 6.40 7(}9 5.68 45 2.51 38,(
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Table B.36 Asphalt compositions. (Sisko & Brunstrum 1969)

COM"ON,:'NT "(% )

^SP.^I.T sPr..cIMEN A .R SR O

Calif. Unagcd 15 28 35 22
TFOT 19 25 3,1 22
Road 24 30 22 24

Ky. Unaged 12 20 40 28
TFOT 15 19 39 27
Road 24 28 24 24

III. Unnged 16 20 37 27
TFO'V 20 20 34 26

Road 22 24 29 25
l_,|tl. Unnged 19 19 36 26

TFOT 22 18 35 25
Road 24 27 29 20

Mass. Unaged 15 22 38 25
TI:OT 19 19 3') 23
Road 28 26 27 19

Nebr. Unaged I I 24 39 26
"I'FOT 14 22 38 26
Iltind 15 2,1 35 26

Okla. Unaged 8 26 44 22
TFOT in 27 42 2 I
Road 12 32 36 20

Ore. Unaf, cd 15 28 30 27
"i'I_OT 20 26 28 26
Road 21 29 26 24

Tenn. Unaged 23 18 39 20
TFOT 26 19 37 IP.
I(o;Icl 37 18 26 19

Tcx. Unaged I 38 41 20
TFOT I 39 40 20
Road 3 52 26 19

Wis. Unagcd 14 23 39 24
TFOT 16 25 38 21
Road 26 25 26 23

Wyo. Unaged 15 20 43 22
TFOT 18 21 40 21
Road 18 23 35 24

• A"- asphalten¢,%IlR -" hard resins; Sit, = soft resins; O -- oils.
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Table B.37 Summary of road evaluations. (Sisko and Brunstrum 1969)

I'I.A,_I"IC
nra nOAD re:foR-
NO. LOCATION I_'PF_ RIDF. CRACKING MATION

92 California Residential 3.5 Moderate None
39 Kentucky Gen. pttrpose 3.5 ' EJcvcrc Slight
m Illinois Heavy duty 4.0 None None
19 Maryland Heavy duly 3.5 ' Severe Slight
9 Massachusetts Heavy duty 3.5 Severe None
62 Nebraska Heavy duty 3.5 "Slight Moderatc.
71 Oklahoma Heavy duty 3.7 None Metier;de
97 Oregon Heavy duty 4.0 Slight None
25 Tennessee Heavy duty 2.5 Slight Scverc
74 Texas Heavy duty 3.5 None None

18.5 Wisconsin Heavy duly 2.2" Moderate None
114 Wyoming Heavy duty 3.0 Slight Slight

• JudgedIo be In needof service.
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Table B.38 Saskatchewan sites assessed for rutting behavior. (Huber & Helman
1987)

SITE STRUCTURE TRN'FIC ASPHALT YEAR OF AGE RUITING
NUHDER LOCATION TYP[ SF_ED CD4E_T CONSTRUCTION I; LiFE PI_I_J-'C_4ANO[

1 C.S. 1-8 E9 I_ 6.24 Overlay Fast AC 1.5 1977 55 Poor

2 C.S. 1-8 EB km 1.44 0verlay Fast AC 1.5 1977 55 Fair

3 C.S. 1-19 M3 km 4.6 Conv. Fast AC 1.5 1983 40 Poor

C.S. 1-19 WB kam7.0 Conv. Fast AC 1.2 1983 40 Poor

5 C.S. 1-19 _3 k_ 9.0 Cony. Fast AC 6 1981 40 Fair

6 C.S. 1-19 EB km 19.5 Overlay Fast AC 6 1984 5 Good

7 C.S. 9-5 SB ion 17.1 Overlay/ Slo. AC 1.5 1982 15 R_or
Recycle

8 C.);. 9-5 58 kan19.2 Overlay Fast AC 6 1981 25 Fair

9 C.$. 9-6 58 la. 16.1 FDAC Fast AC _ 1972 90 Good

JO C.5. 22-2 w9 lem24.75 Overlay Slow AC 1.5 1982 20 Good
Recycle

11 C.$. 80-1 _B _n 10.11 FDAC 51ow AC 6 1975 200 Good
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Table B.39 Testing program for Saskatchewan study sites. (Huber & Heiman 1987)

m(Y_TY O_ICN CO_GmUCTIO_ PRESO_T

Percent Asi_alt X X X

Aggregate GradatLon X X X

CrushedAgQregsteFaces X X X

Percent Air Voids x X x

Percent VMA X X X

Marshall $tabLllty X X X

HveemStabLl[ty X X

Asphalt Penetration (2_°C) X

Asphalt V/scos/ty (60°C) X

_regate BSG X X1 X1

Rice TSG X X1 X1

Rut Depth X2 X

layer ll_ckness X X X

1 Assumedequal to design
2 Assuned equal zero

B-51



B-52



PENETRATION,O.1 mm _ I-ZO

1 -- t-10

2 -e- FMlOS3

5 _ .... -- ..... _ _ SI! 18

2 ...... _t_._" -4--US ZfiS(186) VISCOSITY.POISESS -- _!'-- --" . ---- -o- US _85 (195)

2 _ ........ s5 __ I.- = '-- _, ...... "_'" - - I(.'.H 104

io 2

N_N S

Z

-- .N_ 6
i1

4
3

2

I
-40 -20 0 20 40 60 80 I00 120 140 160 180 200 220 Z40

TE_IPERATURE,"C

Figure B.1 Recoveredasphalt cement propertiesfrom all sectionsplottedon the bitumen test data
chart for West Texas. (Andersonand Epps 1983)
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