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Introduction

The identification of physical properties that are related to pavement performance was the
main objective of Subtask 1.2.1, Identification of Physical Properties. To meet this
objective, an annotated bibliography was assembled that includes research papers and
reports pertaining to this topic. This bibliography includes a comprehensive review of
research studies published in many technical journals, books, conference proceedings, and
research reports relevant to the properties of asphaltic materials and their performance.

For the reader’s convenience, the bibliography has been divided into five separate sections:

I

II.

IIL.

Iv.

Durability Studies: those related to field and laboratory studies of the
oxidative and steric hardening of asphalt cements and their effect on
pavement performance.

Characterization Studies: those related to methods and procedures used to
characterize the rheology of asphalt cements, as well as studies related to the
colloidal nature and microstructure of asphaltic materials.

Thermal Cracking Studies: those related to pavement cracking and the
influence of asphalt rheology on this type of pavement distress.

Moisture Damage Studies: those related to measurement of physicochemical
surface properties of asphalt cements (surface energy and interfacial tension)
and their role in the phenomenon of pavement moisture damage. This group
also includes studies of the effect of asphalt rheology on adhesion and
disbonding.

Fracture, Fatigue, and Rutting Studies: those related to fracture and fatigue
properties of asphalt cements and those relating the asphalt cement rheology
to fracture, fatigue, and rutting of asphalt concrete mixtures.

The bibliography contains a total of 497 records. In each record are nine headings that
identify the author, title, place of publication, volume number, date, pages, publisher,
abstractor, and keywords related to the record. These nine headings are followed by an
abstract that highlights the main objective, research approach, and main conclusions of the
referenced study.

vii



This publication presents a compilation of the most important technical publications on the
subject of physical properties of paving asphalt cements. The bibliography was prepared
specifically for use by the researchers in identifying asphalt properties that are performance-
related, but it should also aid other asphalt pavement researchers and highway engineers in
their evaluation and economic use of materials, design, and construction.

Methodology Used in Constructing the Bibliography

The first step in the literature survey was to use the available on-line engineering data bases
relevant to the subject. After a comprehensive review of available data bases, two were
selected: The Compendex-Plus data base and the National Technical Information Service
(NTIS) data base. The first was selected because it provides the broadest coverage of the
world’s significant engineering and technological literature. The data base corresponds to
the printed publication, Engineering Index, and incorporates additional conference records
from the Engineering Meetings data base. The Compendex Plus is known for its
international coverage and it contains approximately 25 percent of the documents indexed
in a language other than English. It is also one of the oldest data bases with coverage that
starts from 1970. At the time of the survey, the size of this data base was more than 2.2
million records.

The second data base, NTIS, provides coverage of U.S. government-sponsored research,
development, and engineering plus analyses prepared by federal agencies, their contractors,
or grantees. This unique feature of being composed of only government-sponsored research
reports made this data base the best complimentary data base to the Compendex Plus,
which included a limited number of such research reports. At the time when this
bibliography was prepared, the NTIS included more than 1.25 million records; its coverage
period starts from 1967.

To conduct the on-line literature search, keywords had to be selected. After consultation
with the researchers working for the A-002A project, a final list of 54 keywords was
complied. Table 1 lists these keywords. The keywords were then divided into 3 major
groups; material group, performance criteria group, and physical properties group. Each of
these groups was divided into subgroups, resulting in five performance-criteria subgroups
and three physical-properties subgroups. In the on-line search, four different groups were
intersected according to a specially designed matrix, as shown in Table 2.

The result of the on-line search yielded 407 records from the Compendex Plus data base
and 357 records from the NTIS data base. Those selected were collected and reviewed, and
a total of 114 records were selected for inclusion in the different volumes of the present
bibliography. Appropriate headings and keywords were selected by the author.

The records selected by the above procedure can be identified from the "Abstractor"
heading; those selected from Compendex Plus have the entry "Comp" under the heading.
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while those selected from the NTIS data base have the term "NTIS" under the same
heading. -

The second source of records in this bibliography is the Highway Research Board (HRB)
Bibliographies for Characteristics of Bituminous Materials. These bibliographies were
found very useful for abstracting the literature published prior to 1966, which is the starting
coverage date of the on-line data bases.

In addition to the other HRB bibliographies, three of them--numbers 35, 40, and 56--were
reviewed in detail and from about 1,000 abstracts, approximately 250 abstracts were
selected for inclusion in the present bibliography. The selected abstracts were reviewed and
categorized, and appropriate headings and keywords were selected for them. The records
selected from the HRB bibliographies can be identified by the term "HRB" under the
"Abstractor" heading.

The third and last source of the records in the bibliography was the manual selection and
abstracting of works published in the traditional asphalt pavement literature. This manual
search and abstracting process covered a large number of periodicals, conferences, and
books that are known to deal with such literature. Among those reviewed are AAPT
proceedings, CTAA proceedings, Transportation Research Board publications, ASTM
standards, ASTM proceedings, ASTM Special Technical Reports, Proceedings of the
Australian Road Research Board, Journal of Institute of Petroleum, Transactions of Society
and Rheology, Journal of Society of Chemical Industry, Reports from Transport and Road
Research Laboratory of England, and others.

The extent of manual review of the above sources varied according to type. For example,
the AAPT proceedings were surveyed thoroughly starting from Volume 19 (1949) and
ending with Volume 57 (1988). The CTAA proceedings were covered starting from 1971,
and so on. The availability of the publications and the access to them played a major role
in the selection of the articles abstracted. Approximately 130 records were selected by this
procedure. They may be identified by the term "PTI" (Pennsylvania Transportation
Institute) under the "Abstractor" heading.

Undoubtedly the literature search did not uncover all the relevant articles that have been
published. The reviewers endeavored to be very selective and to use their experience to
identify the best sources of technical research related to physical properties of asphalt
cements. The result, given the time and personal resources devoted to this work, is the
present annotated bibliography.

The bibliography entries are arranged in reverse-chronological order within each volume.

Also, the keywords are supplied to provide a quick reference about the contents of each
entry.
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I. Durability Studies



RECORD No.: 1.

AUTHOR : Blomberg, T.; Haekkinen, M. R.; Schueller, S.; Berglund, L
TITLE : Laboratory investigation of Bitumen Aging Properties
JOURNAL : Statens Vaeg-och Trafifinstitut

VOLUME No.: VII/Meddelande-558
PUBLISHER : Linkoeping (Sweden)
YEAR : 1988
PAGES : 29
ABSTRACTOR: NTIS
KEYWORDS : Asphalt cements, oxidative hardening, TFOT, RTFOT, penetration,
dynamic viscosity, weight loss

ABSTRACT

Comparative laboratory investigations of the aging properties of bitumen
- using two standardized methods, TFOT (Thin Film Oven Test, ASTM D 1754) and
RTFOT (Rolling Thin Film Oven Test, ASTM D 2872), have been performed.
Forty-seven samples of bitumen produced at three refineries from six
different crude oils have been examined before and after heating in
accordance with TFOT and RTFOT respectively. The parameters investigated
are penetration at 25 and 10 degrees C respectively, dynamic viscosity at
60 degrees C, kinematic viscosity at 135 degrees C and change in mass in
TFOT and RTFOT respectively. The penetration index, retained penetration
and viscosity ratio have been calculated.



RECORD No.: 2.

AUTHOR . Barbooti, Mahmood M.; Al-Soufi,'Hussein H.; Al-Saleem, Hisham
E.; Hassan, Eman B.
TITLE : Thermogravimetric Studies on Paving Asphalts.

JOURNAL : Journal of Petroleum Research

VOLUME No.: 6, No. 1

PUBLISHER : Council of Scientific Research, Iraq

YEAR 1 1987

PAGES : 145-155

ABSTRACTOR: Compendex Plus

KEYWORDS : Asphalt cements, thermogravimetry, composition, performance
oxidative hardening

ABSTRACT :

The thermal behavior of two asphalts of different origins, employed for
paving in Iraq, was studied during mixing and laying conditions using
dynamic thermogravimetry under air and nitrogen atmospheres. The asphalts
were prepared in such a way that they would have the same penetration
value. The main features of the TG curves were explained and correlated
with the chemical composition, method of preparation and performance of the
asphalts. Thermogravimetry can be used to aid the standard methods of
asphalt testing. (Edited author abstract) 16 refs.



RECORD No.: 3

AUTHOR : Ishai, Ilan

TITLE : SUGGESTED METHODOLOGY FOR THE ANALYSIS OF ASPHALT
AGE-HARDENING.

JOURNAL : Journal of Testing & Evaluation

VOLUME No.: 15, No. 3

PUBLISHER : American Society for Testing and Materials, Philadelphia

YEAR : 1987

PAGES 1 127-132

ABSTRACTOR: Compendex Plus

KEYWORDS : Asphalt Cements, oxidative hardening, penetration, time,
temperature, field correlation

ABSTRACT :

This paper discusses a suggested approach for utilization of
rheological aging curves for prediction of inservice age-hardening of
asphalt which can affect pavement durability. The standard ’‘one point’
evaluation of laboratory aging of asphalts is quite limited with regard to
a meaningful, rational, and comprehensive evaluation of asphalt aging with
respect to pavement durability. On the other hand, the temperature-time
domain should be characterized and investigated by aging curves over a wide
range of two-parameter coordinates. An interpretation of asphalt-aging
curves in the temperature-time domain is presented that can lead to a
reliable calibration of 1laboratory aging on the basis of actual field
aging. The suggested approach and methodology are believed to provide the
proper correlation (for a certain asphalt) between laboratory and pavement
asphalt aging that can be obtained in almost any of the thin-film or
microfilm oven tests. (Author abstract) 15 refs.



RECORD No.: 4.

AUTHOR : Ok-Kee Kim, C. A. Bell, J. E. Wilson, G. Boyle

TITLE : Development of Laboratory Oxidative Aging Procedures for
Asphalt Cements and Asphalt Mixtures

JOURNAL : Transportation Research Record

VOLUME No.: 1115

PUBLISHER : Transportation Research Board

YEAR : 1987

PAGES : 101-112

ABSTRACTOR: PTI

KEYWORDS : Oxidative aging, asphalt cements, asphalt mixtures, field
samples, POB, resilient modulus, Fraass Brittle Point

ABSTRACT : :

An evaluation of an oxidative aging procedure for asphalt materials is
described. Test results and the effectiveness of the aging device used are
presented. The study also involved laboratory tests on field core samples
as well as laboratory mixture samples and asphalt cements used in three
projects constructed in Oregon. The procedure selected for aging involved
the use of a pressure oxidation bomb (POB)- a sealed container in which
asphalt mixture or asphalt samples, or both, were subjected to pure oxygen
at 100 psi pressure at 60C for periods of up to 5 days. Resilient modulus
and fatigue tests were performed to measure the properties of cores and
laboratory mixtures (before and after aging). The asphalt samples were
aged on a Fraass plaque to achieve minimum disturbance of the sample, and
the degree of aging was assessed by changes in the Fraass breaking
temperature. The results of this study showed that the POB was an
effective means of producing measurable changes in both mixtures and
asphalt samples. However, the mixture properties were substantially
different from those measured for the field core samples, whereas the
asphalt Fraass breaking temperatures were the same. The resilient modulus
ratio and the Fraass breaking point are found good indicators of the aging
of mixtures and asphalt cements, respectively. The aging ratio of mixtures
varies with the air voids content (higher ratio with higher air voids
content). Asphalts aged in the POB for 5 days had compositions comparable
to those of recovered asphalts that were from 5 to 10 years old. The
laboratory aging period that is equivalent to field aging may vary with the
grade and source of asphalt cement as well as mixture properties
(particularly air voids and asphalt film thickness), and environmental
conditions. Higher pressure or temperature, or longer exposure times, or
all three, could be applied to accelerate the aging process. To
effectively evaluate mixture aging, representative mixtures must be tested,
and if possible these should be core samples obtained shortly after
construction rather than laboratory-compiled mixtures that may not
represent field mixtures.



RECORD No.: 5.

AUTHOR : MacCarrone, S.

TITLE : Flow and Deformation Properties of Bitumens Service Weathered
to Near Distress Level

JOURNAL : Research Memorandum, Australian Road Research Board

VOLUME No.: No. 28

PUBLISHER : Australian Road Research Board

YEAR : 1987

PAGES : 34

ABSTRACTOR: TRRL

KEYWORDS : Asphalt cements, oxidative hardening, steric hardening, test

roads, rheological properties, master curves, viscosity,
dynamic testing
ABSTRACT :

A study was carried out examining the flow and deformation properties
of service weathered bitumens and their corresponding road performance.
Bitumen from 39 spray seals was recovered from the cover stones and tested
for the range of temperatures and stressing rates experienced in pavement
service. A viscosity test conducted at 45 C and a creep test conducted at
0 C both gave information on the response of bitumen under very low rates
of stressing. The dynamic data, after being superimposed, gave information
on the response of bitumen over a large range of frequency and temperature.
The hyperbolic equations of Dickinson and Witt successfully described the
frequency dependence of the modulus and phase angle. For weathered
bitumens the WLF equation with coefficients derived from this study
described the variation of viscosity with temperature in the range -10 to
60 C. The viscosity result (45 C) was a very good indicator of bitumen
modulus at low temperature (0 C) and low rates of stressing (thermal
contraction) but not at fast rates of stressing (fast moving vehicle).
Bitumen viscosity at 45 C is adequately correlated with its service
performance and as such it is a suitable parameter for evaluating the field
performance of bitumens. However, bitumen modulus calculated at conditions
representative of lowest site temperatures and traffic stressing was a
marginally better indicator of its service performance. Further studies
should be undertaken to confirm the conditions critical to bitumen
performance.



RECORD No.: 6.
AUTHOR : J. W. Lund, J. E. Wilson

TITLE : Field Verification of Asphalt Aging in Hot Mix Plants
JOURNAL : Proceedings of the Association of Asphalt Paving Technologists

VOLUME No.: 55
PUBLISHER : Association of the Asphalt Paving Technologists
YEAR : 1986
PAGES : 92-119
ABSTRACTOR: PTI
KEYWORDS : Oxidative aging, viscosity, RTFO, tenderness, field samples
ABSTRACT

As a measure of aging in the mixing and placement process, the
following formula was used to determine the percentage of the expected
change in asphalt viscosity at the time of aging:

R-A
C= --- x 100 percent
B-A

where A=absolute viscosity of original asphalt, B=absolute viscosity of the
asphalt residue after rolling thin film over aging, and R=absolute
viscosity of the asphalt recovered from the mixture. Asphalt concrete
pavement tenderness, due to inadequate aging or unexpected soft consistency
of asphalt, has caused problems such as rutting, surface flush stripping,
ravelling, and segregation on Oregon highways for the past 10 years. In
order to identify the causes of pavement tenderness, data were gathered
from 29 different projects in Oregon from 1981 through July, 1983. A total
of 111 samples were collected for determining "C" based on field
observation. Paving problems were not experienced when "C" was above 50
percent, there were some problems when "C" values were 30 to 50 percent,
and problems were always experienced when "C" values were less than 30
percent. In 1985, "C" values were analyzed again to see if any changes had
occurred. The comparison of results between the 1981-83 data and the
1983-85 data indicated that "C" value still appears to be a good measure of
asphalt properties relating to the tenderness of asphalt paving mixes,
especially during the initial placement time.



RECORD No.: 7.
AUTHOR : J. L. Goodrich, L. H. Dimpel
TITLE : Performance and Supply Factors to Consider in Paving Asphalt
Specifications
JOURNAL : Proceedings of the Association of Asphalt Paving Technologists
VOLUME No.: 55
PUBLISHER : Association of Asphalt Paving Technologists
YEAR : 1986
PAGES : 57-91
ABSTRACTOR: PTI
KEYWORDS : Asphalt specification, oxidative aging, viscosity, temperature
susceptibility, penetration, ductility, asphalt cements,
asphalt mixes :
ABSTRACT
The effect of the current proliferation of asphalt specifications on
asphalt manufacturing and supply is discussed. Several recommendations for
national, uniform, and functional asphalt specifications are offered. The
study focused on present asphalt specifications, the physical properties of
world-wide asphalts, the effect of specifications on asphalt supply,
specification of asphalt with chemical tests, and whether asphalt
specifications can be improved. Wide regional variations in asphalt
specifications were found - for AC-20 there are 32 distinct state
definitions on the books in 1985. There is, however, a common theme in the
asphalt grading system. Specifications were keyed into three functional
characteristics of asphalt: its resistance to age hardening during hot
mixing, its temperature susceptibility, and its intermal compatibility.
Data is presented on asphalts manufactured from 80 single crudes. The
graphical plot of viscosity ratio (140 F RTIFC Vis./Original Vis.),
considered to be correlated with hot mix hardening versus temperature
susceptibility (PVN 77-140 F), was found useful for users to characterize
their local asphalt. To improve present specifications by controlling
temperature susceptibility, several measures are recommended: (a) a
minimum viscosity at 135 C (275 F), (b) a minimum penetration at 25 C
(77 F), (c) computation of equiviscous temperature before and after hot
mix hardening, and (d) penetration at 4 C (39.2 F). The penetration at 4
C (20 grams 605 C) was found to be reasonably related to the low
temperature creep modulus of actual cores. To define oxidative hardening
of asphalts, a maximum viscosity ratio measured at 60 C (140 F) after TRO
(or RTFC), and the long-term durability (tilt over durability) at 111 C
(231.8 F) and (7 days), which was related to the special case of severe
desert conditions, are recommended. To control the homogeneity and
internal compatibility, a minimum ductility at 25 C (77 F) on the
residues was used. Tests conducted on three asphalts, however, indicated
that there is little relationship between ductility before or after oven
aging and the ductility of asphalt aged in hot mix cores. Therefore, new
tests should be developed. The other recommended measure is minimum
solubility in trichloroethylene. For environmental and safety reasons a
minimum flash point and a maximum TFO weight loss are recommended.



RECORD No.: 8.

AUTHOR : Al-Soufi, Houssain H.; Luzan, Nina; Na‘’oom, Suha S.; Al-Saleem,
Husham I.

TITLE : CHARACTERISTICS OF SOME IRAQI ASPHALTS - COMPARATIVE STUDY.

JOURNAL : Journal of Petroleum Research

VOLUME No.: 4, No. 2

PUBLISHER : Council of Scientific Research, Iraq

YEAR : 1985

PAGES : 47-62

ABSTRACTOR: Compendex Plus

KEYWORDS : Asphalt Cements, Oxidative Hardening, temperature
susceptibility, penetration, composition

ABSTRACT

In an attempt to provide better understanding of the behavior of Iraqi

asphalts during mixing, laying and service condition; the physical

properties, temperature susceptibility, oxidative hardening and stiffness

of two asphalts of the same penetration grade produced at Daurah and

Qaiyarah refineries were evaluated and correlated to the asphalt

composition and origin. The results indicate that the properties of Daurah

asphalt are within the internationally accepted limits. While Qaiyarah

asphalt, due to its high asphaltene content, shows high viscosity, low

temperature susceptibility and high oxidative hardening. (Author abstract)

34 refs.



RECORD No.: 9.

AUTHOR : J. W. Button, J. A. Epps .

TITLE : Identifying Tender Asphalt Mixtures in the Laboratory

JOURNAL : Transportation Research Board Record

VOLUME No.: 1034

PUBLISHER : Transportation Research Board

YEAR : 1985

PAGES : 20-26

ABSTRACTOR: PTI

KEYWORDS : Steric hardening, tenderness, penetration, viscosity,
temperature susceptibility, resilient modulus, chemical
analysis, indirect tensile strength

ABSTRACT

The physical and chemical properties of asphalt comments and the

physical properties of paving mixtures were determined in the laboratory.

An attempt was made to relate these properties to tender and slow-setting

paving mixtures. Several types of asphalt were used. Four asphalts having

different temperature susceptibility properties were used to study change

in penetration, measured at 77 F under inert conditions, with time. No

relation between setting rate (steric hardening) and temperature

susceptibility was observed. Two asphalts were used to study the effect of

thin film oven aging on setting rate. The resistance of one of the

asphalts to oven aging as measured by penetration appeared to be related to

the tenderness exhibited during the early life of the pavement. None of

these tests indicated a correlation between the structuring of asphalts

after 103 days (measured by penetration), and the setting rate in the field

(measured by a subjective numerical tenderness scale). The viscosity at 77

F of another 4 asphalts was measured by a sliding glassplate

microviscometer at different times under inert conditions. The

structuring--increase in viscosity--rates vary considerably for the

different asphalts, but they correlate reasonably well with field

experiences. However, viscosity measurements also indicate that there is

no relation between setting rate and temperature susceptibility.

Chemical analysis of nine asphalts was performed using the Rostler-Stombeg

procedure. The data indicated that tenderness is somewhat related to the

asphaltene content of the asphalt. Tests on asphalt concrete mixes

indicated that resilient modulus and indirect tensile tests at 104 F have

the potential to identify tender and slow-setting mixes. Guidelines were

provided to avoid tender mixes by laboratory testing.



RECORD No.: 10

AUTHOR : Q. C. Page, K. H. Murphy, B. E. Ruth, R. Rogue
TITLE : Asphalt Binder Hardening - Causes and Effects
JOURNAL  : Proceedings of the Associationof Asphalt Paving Technologists

VOLUME No.: 54
PUBLISHER : Association of Asphalt Paving Technologists
YEAR : 1985
PAGES ¢ 140-167
ABSTRACTOR: PTI
KEYWORDS : Asphalt hardening, oven tests, viscosity, penetration, asphalt
concrete mixes, air voids, mixing temperature

ABSTRACT

To identify the relationships between binder hardening and certain
variables, data from hour temperature-reduction projects in Miami were
analyzed to evaluate the hardening trends. Each project contained test
sections with two different mix temperatures. Penetration, absolute
viscosity at 60 C (140 F), and apparent viscosity at 25 C (77 F) were
determined for original and TFOT residue. The same test parameters were
also obtained for asphalts recovered by the Abson procedure from samples at
the pugmill, paver, and at different time intervals from the in-service
pavements. Air void contents were also determined for samples (cores)
taken from the pavements. Based on results of the analyses and asphalt
hardening trends the following conclusions are derived: (a) the TFOT is
considered representative of the hardening which occurs in the hot mix
plant for the AC-20 grade asphalt cements used in this study. A high
degree of correlation was obtained between the difference in asphalt
viscosity (TFOT minus original) and the recovered asphalt viscosity after
eight years of service. Asphalts that are susceptible to greater TFOT
hardening may also produce greater hardening in the plant mixing process as
well as greater in-service age hardening; (b) the effects of age and air
void content on asphalt binder hardening are not clearly distinguishable
because of changes in air void due to traffic densification. However, when
considering air void content at some selected age, the recovered asphalt
viscosity or penetration usually indicates harder asphalts for high air
void content samples; (c) simulation of in-service hardening appears to be
feasible by using asphalt in mixtures compacted to different air void
contents and then subjected to heating in an oven at 60 C (140 F) for 12
hours; (d) certain asphalts harden substantially at the high plant mix
temperatures whereas other asphalts are unaffected by changing plant mix
temperature. The value of TROF or RFT tests may be enhanced by altering
test procedures to accommodate a series of test temperatures (e.g. 275 F,
300 F, 325 F, 350 F, and 375 F). The viscosity and/or penetration of
these residues would aid in identifying the amount of hardening that could
occur at a specific plant.

.10.



RECORD No.: 11.

AUTHOR : Delfino, F., Pierini, A.

TITLE : Chemical Compatibility Between SBS Thermoplastic Elastomers and
Bitumen

JOURNAL : Muanyag Es Gumi

VOLUME No.: 21, No. 6

PUBLISHER :

YEAR : 1984

PAGES ¢ 110-715

ABSTRACTOR: Compendex Plus

KEYWORDS : Asphalt cements, composition, aging, rheological properties,
electron microscopy

ABSTRACT )

Journal Announcement: 8503 Bitumens of various chemical composition
were modified by introducing SBS thermoplastic elastomer Europrene A. The
morphology of the mixed system was examined by optical and electron
microscopy concerning aging and rheological and technological properties.
In Hungarian with English abstract.
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RECORD No.: 12.

AUTHOR : Christensen, Robert J.; Lindberg, William R.; Dorrencé, Samuel
M.

TITLE : VISCOUS CHARACTERISTICS OF A UTAH TAR SAND BITUMEN.

JOURNAL : Fuel

VOLUME No.: 63, No. 9
PUBLISHER : Butterworths Scientific Publications, London
YEAR : 1984
PAGES : 1312-1317
ABSTRACTOR: Compendex Plus
KEYWORDS : Asphalt cements, oxidative hardening, temperature,
nonlinearity, viscosity, composition, shear history

ABSTRACT

The material studied was from the Asphalt Ridge, Utah area. The
viscosity of the bitumen has been determined as a function of temperature
(293-422 K), toluene (solvent) content (0-10%), composition (0-14. 6%
asphaltenes), oxidation and shear history. In all cases studied, the
Arrhenius plots were significantly non-linear at temperatures above 373 K,
with viscous behavior becoming less sensitive to toluene content with
increasing temperature. Low temperature behavior was strongly dependent on
toluene content. The presence of asphaltenes in the bitumen was shown to
be a strong viscosity enhancer. Oxidation and shear history were also
shown to measurably increase the bitumen viscosity. 10 refs.
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RECORD No.: 13.

AUTHOR : Babu, D. Ram; Cormack,.Donald E.
TITLE : EFFECT OF OXIDATION ON THE VISCOSITY OF ATHABASCA BITUMEN.
JOURNAL : Canadian Journal of Chemical Engineering

VOLUME No.: 62, No. 4
PUBLISHER : Chemical Institute of Canada

YEAR : 1984

PAGES : 562-564

ABSTRACTOR: Compendex Plus

KEYWORDS : Asphalt cements, oxidative hardening, low temperature,

viscosity, temperature susceptibility

ABSTRACT

The effect of low temperature oxidation on the viscosity of Athabasca’
bitumen was investigated over the temperature range 320 to 370K, and to
extents of oxidation as high as 41.7 X 10"-3 kg-02/kg-bitumen. Even at this
relatively low extent of oxidation, the viscosity was observed to be more
than two orders of magnitude higher than that of unoxidized bitumen. It
was found that the Andrade viscosity model could adequately characterize
the temperature dependence of the viscosity at all extents of oxidation.
However, the pre-exponential constant in the model was observed to be a
strong function of extent of oxidation. 8 refs.
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RECORD No.: 14.

AUTHOR : Gun, R. B.; Khramtsova, V. K.

TITLE : INFLUENCE OF DISPERSED-PHASE CONTENT AND NATURE ON ASPHALT
PROPERTIES.

JOURNAL : International Chemical Engineering

VOLUME No.: 24, No. 3
PUBLISHER : American Institute of Chemical Engineers, New York
YEAR : 1984

PAGES : 579-581
ABSTRACTOR: Compendex Plus
KEYWORDS : Asphalt cements, oxidative aging, chemical composition,

softening point, penetration, ductility
ABSTRACT )

Asphaltenes recovered from a heavy straight-run residue and from this
same residue after different degrees of oxidation were blended with the
malthenes from the original residue to prepare model asphalts. The
softening point, penetration at 25 degree C and 0 degree C, and ductility
of the model blends are plotted as functions of the asphaltene content.
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RECORD No.: 15.

AUTHOR : Brion, Y.

TITLE : Colloidal Structure of Bitumens, Relationship Between
Composition - Structure Behavior

JOURNAL : Laboratoire Central Des Ponts Chaussees, Paris (France)

VOLUME No.: PC-4
PUBLISHER : LCPC
YEAR : 1984
PAGES : 54p
ABSTRACTOR: NTIS
KEYWORDS : Asphalt cements, age hardening, composition, molecular
i structure, rheological properties
ABSTRACT

Bitumen manufacturing procedures, chemical composition, and
characterization are reviewed. Several structural states can be defined,
corresponding to different rheological behaviors. The factors having an
influence on bitumen colloidal stability are also studied, including
electrolytic dissociation and the chemical composition of the dispersing
media. Artificial aging methods highlight the changes of rheological
behavior.
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RECORD No.: 16. 4

AUTHOR + Kandhal, P. S. ; Mellott, D. B. ; Basso, H. R.

TITLE : Durability Study of Viscosity Graded AC-20 Asphalts in
Pennsylvania

JOURNAL : FHWA report

VOLUME No.: FHWA/PA-84/009

PUBLISHER : Pennsylvania Department of Transportation

YEAR : 1984

PAGES : 79

ABSTRACTOR: NTIS

KEYWORDS : Asphalt cements, road tests, oxidative hardening, rheological

properties, pavement performance, specifications
ABSTRACT :

This long term asphalt durability project was constructed in September
1976 using six AC-20 asphalts from different sources with the following
objectives: (a) to study the changing asphalt properties on aging, (b) to
determine the effect of rheological properties of asphalts on the pavement
performance and durability especially at low temperatures, and (c) to
develop suitable specifications for AC-20 asphalt cements to insure durable
pavements.
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RECORD No.: 17.

AUTHOR | : Ramamurti, K.; Jayaprakash, G. P.; Crumpton, C. F.

TITLE : Microbial Biodeterioration of Asphalt and Related Hydrocarbons
- A Literature Review

JOURNAL : FHWA report

VOLUME No.: FHWA/KS-84/1

PUBLISHER : Kansas Department of Transportation

YEAR : 1984

PAGES : 51p

ABSTRACTOR: NTIS

KEYWORDS : Asphalt cements, microbial biodeterioration, oxidation,

rheological properties, aging
ABSTRACT :

A survey of the literature related to microbial biodeterioration of
asphalt and related hydrocarbons revealed European reports as early as
1895. U.S. studies related to microbial utilization of hydrocarbons date
back to about 1940. Later many studies demonstrated microbial utilization
of asphalt and related hydrocarbons, particularly the petroleum
hydrocarbons. These studies show a fairly large number of microorganisms
capable of utilizing asphalt and related hydrocarbons. The microorganisms
are normal inhabitants of the soil and often belong to the following
genera: Pseudomonas, Micrococcus, Flavobacterium, Mycobacterium,
Corynebacterium, etc. The intensity of microbial attack depends on the
types of microorganisms, moisture, temperature, oxygen, pH, composition of
asphalt, etc. Under favorable conditions, microbial activity could cause
rapid oxidation of hydrocarbons but usually any effect on roads would take
decades. Several investigators gave specificities relating to bacterial
types and described the type of asphalt used in the study. There is some
indication that microbial activity can cause changes in the rheological
characteristics of asphalt. Bacteria are adaptive, hence bacterial
infestations are hard to suppress. The literature surveyed did not reveal
any universal panacea for suppression.
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RECORD No.: 18.
AUTHOR : J. W. H. Oliver

TITLE : An Interim Model for Predicting Bitumen Hardening in
Australian Sprayed Seals
JOURNAL : Proceedings of Australian Road Research Board

VOLUME No.: 12, part 2

PUBLISHER : Australian Road Research Board

YEAR : 1984

PAGES ¢ 112-120

ABSTRACTOR: PTI

KEYWORDS : Asphalts, seal coat, aging, viscosity, yearly mean temperature,
prediction model

ABSTRACT ’

A number of sprayed seal road trials to monitor bitumen hardening has
been laid in different areas of Australia over the past 14 Yyears. Previous
analyses have been confined to relating the viscosity of bitumens recovered
from the seals to single variables such as durability test result.
Sufficient data now exist to develop a multi-variable model of bitumen
hardening. Analysis has indicated that the equation

log n=3.34 + .0394 YMMT (t"0.5) - .023 D (t"0.5)

explains 93 percent of the observed variance in log viscosity in 152 sets
of test results, where n is the viscosity (Pa.s) of the extracted bitumen,
YMMT ( C) is the yearly mean of the maximum daily air temperature at the
site, D (days) is the ARRB durability test result, and t (years) is the
period of seal service. There is insufficient data from pavements near the
distress condition for an accurate prediction of viscosity in this region.
It is important that the trial sections continue to be sampled to obtain
this information as well as information on the bitumen viscosity levels
associated with distress in different climatic regions. Once this
information has been obtained it should be possible to predict maximum seal
life based on durability test result and meteorological parameters for the
particular site.
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RECORD No.: 19.

AUTHOR : J. C. Petersen

TITLE : Chemical Composition of Asphalt as Related to Asphalt
Durability: State of the Art

JOURNAL : Transportation Research Record

VOLUME No.: 999

PUBLISHER : Transportation Research Board, National Research Council

YEAR : 1984

PAGES : 13-30

ABSTRACTOR: PTI

KEYWORDS : Asphalt, durability, composition, aging, oxidation, steric

hardening, fractionation, performance
ABSTRACT :

The literature on asphalt chemical composition and asphalt durability
was reviewed and interpreted relative to the current state of the art. Two
major chemical factors affecting asphalt durability are the compatibility
of the interacting components of asphalt and the resistance of the asphalt
to change from oxidative aging. Historically, studies of the chemical
components of asphalt have been facilitated by separation of asphalt into
component fractions, sometimes called generic fractions; however, these
fractions are still complex mixtures and their composition can vary
significantly among asphalts of different sources. The reaction of asphalt
with atmospheric oxygen is a major factor leading to the hardening and
embrittlement of asphalt. The hardening phenomenon is primarily a result
of the formation, in asphalt, of polar oxygen-containing functional groups
that increase asphalt consistency through strong molecular interaction
forces. The identification and characterization of the chemical functional
types that influence molecular interactions and are normally present in
asphalt or formed on oxidative aging, afford a fundamental approach to
relating asphalt composition with asphalt properties and thus the
performance of both asphalts and asphalt-aggregate mixtures. In addition
to the polar chemical functional groups formed on oxidation, asphalt
properties can also be significantly altered by molecular structuring,
sometimes called steric hardening. This potentially reversible phenomenon,
although highly elusive and difficult to quantify in asphalt pavement
mixtures, may also be a major factor contributing to pavement
embrittlement.
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RECORD No.: 20. :
AUTHOR : Buelt, J. L.; Barnes, S. M.
TITLE . Aging Test Results of an Asphalt Membrane Liner
JOURNAL : Report
VOLUME No.: DOE/UMT-0064; PNL-4752
PUBLISHER : Battele Pacific Northwest Labs, Richland, WA
YEAR : 1983
PAGES : 57p
ABSTRACTOR: NTIS
KEYWORDS : Asphalt cements, oxidative hardening, composition, oxygen
pressure, diffusion

ABSTRACT

The objective of the asphalt aging study described in this report was to
determine the expected performance lifetime of a catalytically airblowm
asphalt membrane as a seepage barrier for inactive uranium mill tailings.
The study, conducted by Pacific Northwest Laboratory for the Department of
Energy’s Uranium Mill Tailings Remedial Action Program, showed through
chemical compatibility tests that the asphalt membrane is well suited for
this purpose. The chemical compatibility tests were designed to accelerate
the aging reactions in the asphalt and to determine the accelerated aging
effect. Higher temperatures and oxygen concentrations proved to be
effective acceleration parameters. By infrared spectral analysis, the
asphalt was determined to have undergone 7 years of equivalent aging in a
3-month period when exposed to 40 exp 0 C and 1.7 atm oxygen pressure.
However, the extent of aging was limited to a maximum penetration of 0.5%
of the total liner thickness. It was concluded that the liner could be
expected to be effective as a seepage barrier for at least 1000 years
before the entire thickness of the liner would be degraded. (ERA citation
08:043346)

.20.



RECORD No.: 21.

AUTHOR : E. J. Dickinson

TITLE : The Performance of Thin Bituminous Pavement Surfacings in
Australia

JOURNAL : Proceedings of Australian Road Research Board

VOLUME No.: 11, Part 3

PUBLISHER : Australian Road Research Board

YEAR : 1982

PAGES : 35-51

ABSTRACTOR: PTI

KEYWORDS : Asphalt, aging, temperature regimes, oxygen absorption,
viscosity, performance, regression models, additive

ABSTRACT : )

Low-cost pavement consisting of a granular base surfaced with either a
sprayed bitumen seal or a thin layer of asphaltic concrete is an economic
construction for the greater part of the Australian (all weather) road
network. The performance of the bituminous surfacing in these
constructions has a very important bearing on their maintenance costs. If
a surfacing has been designed and constructed satisfactorily with a durable
aggregate, the onset of distress is decided by the rate at which the
bitumen hardens. This rate depends on three factors: the intrinsic
durability of the bitumen, the degree of exposure of the bitumen in the
surfacing to the atmosphere, and the pavement temperature regimes at the
site. Observations of a series of road trials around Australia that were
laid in co-operation with the SRAs and measurements of pavement temperature
regimes at six different sites have enabled the separate effects of these
three factors to be evaluated. A method for assessing the intrinsic
resistance of a bitumen to hardening in service has been developed, and
hydrated lime promises to be a useful additive for retarding this
hardening.
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RECORD No.: 22

AUTHOR : G. R. Kemp and N. H. Predoehl

TITLE : A Comparison of Field and Laboratory Environments on Asphalt
Durability

JOURNAL : Proceedings of the Association of Asphalt Paving Technologists

VOLUME No.: 50
PUBLISHER : Association of Asphalt Paving Technologists
YEAR : 1981
PAGES : 492-537
ABSTRACTOR: PTI
KEYWORDS : Asphalts, hardening, field tests, accelerated lab weathering,
viscosity, penetration, ductility, specifications

ABSTRACT

This asphalt durability study involved the weathering of carefully
controlled and fabricated briquettes in four distinctly different field
environments for four years. The purpose of the study was to compare the
effects of various field environments on asphalts in briquettes to the
effects produced on the same asphalts by various laboratory accelerated
weathering procedures. The controlled variables included three different
asphalts representing high, high moderate, and low temperature
susceptibilities; three wvoid ranges, 3-5, 7-9, and 10-12 percent voids; and
two aggregate sources representing absorbent and nonabsorbent
characteristics. All of the briquettes were weathered in identical trays
at each weathering site. 1In addition, a correlating test road was later
studied, using one of the study asphalts in a desert site in the vicinity
of the briquette desert weathering site. Laboratory testing of the
briquettes was programmed to occur on original, 1-, 2-, and 4-yr-old
specimens. Recovery of the asphalt was accomplished using the Abson
recovery procedure (AASHTO-T170) prior to testing. Some of the briquettes
were tested to determine their resilient modulus (MR) when this procedure
became available. Also, a portion of some of the briquettes were sawed
into slices to determine hardening with depth. The micro-recovery
procedure (California Test 365) was used to recover the small samples of
asphalt. Tests on asphalts recovered from briquettes included penetration
at 77 F (0.lmm), softening point, ductility at 77 F, absolute viscosity
at 140 F, kinematic viscosity at 275 F, and micro-viscosity at 77 F at
.05 1/sec shear rate. Several laboratory aging procedures were performed
on the asphalts used in this study; Rostler finger printing, asphaltenes
dispersions (Heithaus Method), and vanadium content are the compositional
types of tests used. The accelerated weathering procedures used in this
study were: RIF (5 hr at 325 F), RMF-C at 210 F for 48 hr, Ohawa sand
mix weathering at 140 F for time periods up to 1200 hr, weathering plate
durability test (California test 347) at 210 F for 24 hr, actinic light
weathering test 95 F, 18 hr, 1000 MW/CM of 3660 angstrom actinic
radiation, and a new California tilt-oven asphalt durability test.
Important findings of the study are: (a) high average air temperature
(thermal oxidation) is the most significant factor affecting the rate and
amount of asphalt hardening in hot climates. Voids and aggregate porosity
are also contributing factors but are dependent upon the type of asphalt

.22,



and average temperature. The effect of voids is similar among all asphalts
while the effect of aggregate porosity varies among the more volatile
asphalts; (b) results from the field test road indicated that briquette
weathering per unit time is slightly more severe than actual road
weathering; (c) testing of the 2-yr sampling of weathered briquettes
indicated that with the exception of the California tilt-oven test, none of
the laboratory durability tests can adequately predict the effect of
asphalt weathering at field sites. The California tilt-oven tests,
however, could be used to predict the asphalt hardening with a good level
of accuracy. Tests on the residue from this accelerated weathering
procedure could be used with a hot climate specification to control asphalt
hardening. Minimum penetration at 77 F of 15, a maximum absolute
viscosity at 140 F of 100 kilpoise, and a minimum ductility of 20 cm at 77
F (5 cm/min) are the specification limits on residue properties proposed
for hot desert areas; (d) it is recommended that to improve asphalt
durability, the voids should be reduced, absorbent aggregates should not be
used, the softest grade of asphalt consistent with curing and stability
should be used, and the insulation of the asphalt concrete mat with a cover
such as a reflective chip seal in hot areas is desirable; (e) the minor
study of hardening with depth indicated that, generally, the surface slice
showed more hardening due to the effect of actinic hardening. Change of
hardening with depth was similar for all types of mixes; (f) effects on
temperature susceptibility indicates that, except for the site with the
highest average temperature, the effects were negligible. For that one
site, the temperature susceptibility decreased continuously with time.
Softening point measurements showed a general increase with time. Shear
susceptibility as measured by (California Test 348) increased continuously
with time but at a lower rate at longer lives. Microductility at 77 F
decreased with time at varying rates depending on the site. The most
dramatic changes in properties were always seen at the site with the
highest average temperature, which indicates the importance of this factor.
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RECORD No.: 23. .

AUTHOR : Glotova, N. A.; Gorshkov, V. S.; Kats, B. I.; Shapiro, T. M.;
Yur’eva, G. N.

TITLE : CHANGES IN RHEOLOGICAL PROPERTIES AND CHEMICAL COMPOSITION OF
ASPHALTS UPON AGING.

JOURNAL : Chemistry and Technology of Fuels and 0ils (English
Translation of Khimiya i Tekhnologiya Topliv i Masel)

VOLUME No.: 16, No. 3-4

PUBLISHER : Plenum Consultants Bureau, New York

YEAR : 1980

PAGES : 278-280

ABSTRACTOR: Compendex Plus

KEYWORDS : Asphalt cements, composition, rheological properties, thin-film
aging, viscosity

ABSTRACT

Differences in the chemical composition of asphalts are responsible for

differences in their colloidal and physical properties, particularly their

rheological properties. The work reported in this paper represents a study

of rheological properties to determine the relationship between changes in

chemical composition and rheological behavior of asphalt during thin-film

aging. Two grade BNK-5 asphalts were investigated, one from Romashkino

crude and the other from Ust’-Balyk crude. Asphalt films with a thickness

of 40-60 MU m were prepared and subjected to aging from April to October on

a roof exposure rack under the climatic conditions of Moscow. The asphalts

were investigated by rheological methods, group analysis, and

microchromatography. Test results are tabulated and evaluated. It is shown

that the increase in concentration of the solid phase as a result of the

appearance of new species and the evaporation of the oils leads to an

increase in structurization and viscosity of the system. The asphalt

viscosity varies directly with the content of asphaltenes, carbenes, and

carboids, and inversely with the quantity of malthene components. 10 refs.
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AUTHOR : E. J. Dickinson

TITLE : The Hardening of Middle East Petroleum Asphalts in Pavement
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PUBLISHER : Association of Asphalt Paving Technologists

YEAR : 1980

PAGES : 30-63

ABSTRACTOR: PTI

KEYWORDS : Bitumen, durability test, field trials, oxidative hardening,
viscosity, additives, refining processes

ABSTRACT '

This study examined the hardening of the bitumen binders that have been
used in pavement surfacing in Australia for the last 15 years. These
bitumens have been almost wholly derived from Middle East crude petroleunms.
A durability test based on an aging procedure developed by the California
State Highway Department was used to age seven different asphalts used for
seal coats and thin dense hot mix surfacing laid down at different time
periods. The viscosity at 45 C and 0.005 1/sec of these aged asphalts were
compared with the viscosity of recovered asphalts from field samples.
Linear regression analysis was used to relate the durability test results
to the viscosity of recovered asphalts from seal coats and to the viscosity
of asphalts and air voids content of dense surface mixes. Different
regression models were obtained for different ages of test sections.
Improving the resistance to hardening in service by using antioxidants and
lime, and by blending the bitumens or adjusting the refinery processing was
also investigated. Analysis of the data and results of the testing
indicated the following conclusions: (a) rate of hardening is dependent on
the susceptibility of the bitumen to hardening by thermal reaction with
oxygen, the degree of exposure to air, and the temperature regime; (b) the
level of hardening at which distress will occur in a surfacing is dependent
on the pavement temperature regime in the cold season. Although the rate
of hardening is higher in a hot climate, the distress level will also be
higher because of the warmer conditions in winter; (c) a durability test
that determines the time for a thin film of bitumen maintained at 100 C and
exposed to air (in the dark) to reach an arbitrary viscosity level
(associated with pavement surfacing distress in temperature climates) was
developed to assess the susceptibility to hardening by "Hermal" reaction
with oxygen. This test correlated with the hardening observed for
different bitumens in seal coats; (d) dense hot mix surfacing trial
indicates that the rate of hardening depends on the thermal oxidation of a
bitumen as indicated by durability test and the degree of exposure to air
as indicated by air void ratio; (e) process hardening by blending
precipitated asphalt with propane is preferred to high temperature air
blowing. The blending process produces a bitumen with better durability
but slightly inferior temperature flow properties; (f) antioxidant zinc
diethyl dithiocarbonate decomposed after two years in service and was not
an effective oxidation inhibitor. Hydrated lime or lime containing fillers
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could be effective for reaching the rate of hardening.
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RECORD No.: 25.
AUTHOR : Miller, Richard W.; Dodge, Kenneth S.
TITLE : Effects of Heated Storage on Asphalt Concrete
JOURNAL ¢ NYSDOT, FHWA report
VOLUME No.: NYSDOT-ERD-79-SR-65; FHWA/NY/SR-79/65
PUBLISHER : New York State Department of Transportation
YEAR : 1979
PAGES : 19
ABSTRACTOR: NTIS
KEYWORDS : Asphalt cements, storage temperature, oxidative hardening,
inert environment, field aging, penetration, viscosity

ABSTRACT 3

Asphalt hardening in three bituminous concrete top-course mixes was
studied after storing at elevated temperatures for periods of 18 and 48
hours in inert gas, and 24 hours in a normal atmosphere. Asphalts extracted
from loose mixes before and after storage, and from compacted mixes at the
time of placement and after up to 7 years of service, were tested for
penetration (77 F), absolute viscosity (140 F), and kinematic viscosity
(275 F). The consistency of asphalt in the three mixes was not altered by
storage, but delayed hardening was measured in one mix after 1 year of
service, the second after 3 years, and the third after 6 years. These
differences after once appearing have persisted but have not been reflected
in pavement performance. The cause of the delayed hardening is unexplained.
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AUTHOR : Brown, Ronald A.; Miller, Richard W.; Chamberlin, William P.
TITLE : LONG-TERM EFFECTS OF HEATED STORAGE ON ASPHALT CONCRETE.
JOURNAL : International Journal of Hydrogen Energy

VOLUME No.: 54

PUBLISHER : Pregamon, New York

YEAR : 1977

PAGES : 15

ABSTRACTOR: Compendex Plus

KEYWORDS : Asphalt cements, oxidative hardening, penetration, viscosity
ABSTRACT

Asphalt hardening in five bitumimous concrete mixes was studied after
storing at elevated temperatures for periods of 18 to 24 hr in both inert
gas and normal atmospheres. Asphalts extracted from the loose mixes before
and after storage, and from compacted mixes at the time of placement and
after up to 4 years of service, were tested for penetration (77 P,
absolute viscosity (140 F) and kinematic viscosity (275 F). 3 refs.
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ABSTRACT .

Asphalt hardening in five bituminous concrete mixes was studied after
storing at elevated temperatures for periods of 18 to 24 hours in both
inert gas and normal atmospheres. Asphalts extracted from the loose mixes
before and after storage, and from compacted mixes at the time of placement
and after up to 4 years of service, were tested for penetration (77 F),
absolute viscosity (140 F) and kinematic viscosity (275 F). Asphalts from
the three fine, dense-graded top course mixes (inert gas for 18 hr, inert
gas for 48 hr, and normal atmosphere for 24 hr) were not altered by
storage, but delayed hardening was measured in one mix after 1 year of
service and another after 3 years. No explanation for the hardening was
apparent and pavement performance was not affected. Asphalts from the more
open-graded base and binder course mixes hardened significantly during
storage. These differences persisted through 4 years of service in one of
the mixes but disappeared after 3 years in the other.
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AUTHOR : Shah, S. C.

TITLE : Asphalt Cement Consistency Study: Field Evaluation of
Viscosity and Penetration Graded Asphalt Cements
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temperature susceptibility, voids content

ABSTRACT

The report is concerned with the comparative evaluation of durability
and field performance of penetration and viscosity graded asphalt cements
from four suppliers. The principal findings summarized below are based on
60 month service of sections constructed with these asphalts: (1) The
hardening of asphalt cements is a hyperbolic function of time; (2) Asphalt
cements with original high viscosity tend to harden more and at a rapid
rate; (3) There was no significant difference in durability between the two
types of asphalts. Likewise, for a given source, there was no recognizable
difference in their performance in pavements, (4) by all durability
criteria, asphalts one grade softer than the harder viscosity graded
asphalts are more durable and sections constructed with these softer grade
asphalts are performing better than any other harder grade asphalts after
60 months of service, (5) there was no association between the high
temperature susceptible viscosity graded asphalts and pavement performance.
Likewise, there was no association between voids in pavement and rate of
asphalt hardening.
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ABSTRACT

The properties of coal-tar pitch roof membranes approximately 21 years
old were compared to the properties reported for such membranes in NBS
Building Science Series 55, 'Preliminary Performance Criteria for
Bituminous Membrane Roofing.’ Samples of the old membranes were taken from
eight buildings having roof areas that range from 0.5 to 1.5 million square
feet (4.6 to 15 sq km). The buildings were located at three sites in or
near the state of Kentucky. The roof membranes on these buildings had been
subjected to different maintenance procedures. Laboratory tests conducted
on 47 membrane samples included tensile strength, modulus of elongation and
coefficient of expansion. The thermal shock factor was calculated for each
sample. Laboratory observations were made of the membrane samples to
determine between-ply bitumen thickness, weight per unit area, Ply
adhesion, pliability and condition of the membrane.
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ABSTRACT :

This study identified testing techniques that are sensitive to changes
in asphalt quality by comparing the results of tests of chemical
composition, vanadium content, weatherometer exposure, and rolling thin
film oven aging to the durability of environmentally aged specimens.
Durability is considered to be measured by the combination of viscosity and
asphaltene increases with time. Rankings of each of these testing
techniques are compared to actual environmental rankings to illustrate the
techniques that best identify the durability changes. 12 refs.
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ABSTRACT

Pavement cracking and related distress are the major problem with Utah
highways. This study was initiated to isolate the causes and propose
solutions to this problem. The most significant factor influencing
transverse cracking was found to be the source of asphalt crude. This
difference in asphalt performance was found to be related to the parameters
temperature susceptibility, force ductility, ductility, aging index,
chemical composition, and cannon cone viscosity. The viscosity and
penetration grading methods were found to be inadequate in controlling
pavement cracking. The high level of air voids content was found to cause a
more rapid hardening of the asphalt binder than the low level of air voids.
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ABSTRACT :

Thirteen asphalt concrete pavements built in Pennsylvania were studied
from September 1961 to March 1973. As a result of an extensive sampling and
analysis program, considerable information has been gained on the
durability of asphaltic pavement. Based on physical test data (penetrationm,
viscosity, and ductility) and percentage of asphaltenes, all of the
asphalts used in the various pavements hardened with time. 23 refs.
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ABSTRACT

Asphaltenes are shown to aggregate in solution to different degrees
depending on structure, molecular weight, concentration, and solvent power.
The viscosity of asphaltene solutions is determined primarily by this
aggregation. The effects of concentration and solvent power are very large
with asphaltenes of high molecular weight (> 20000) and much less with
those of molecular weight <10000. Experiments were conducted with a variety
of pure solvents and binary mixtures. The results were extended to real
asphalts which are considered as solutions of asphaltenes in maltenes. The
aggregation effects are used to explain the differing susceptibilities of
various asphalts to oxidation and to blending with cutter stocks.

Aggregation also contributes strongly to irregularity in the viscosity of
asphalt mixtures. 15 refs.
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ABSTRACT

In the reported study the authors have investigated the properties of
asphaltenes and model asphalts in relation to the degree and method of
oxidation. The original materials from which the asphaltenes were recovered
were reduced crudes, asphalts with various degrees of oxidation, and a
cracked tar. Elemental analysis showed that the asphaltenes recovered from
the oxidized products had lower contents of nitrogen and sulfur than the
asphaltenes from the unoxidized products. A highly substituted, condensed
structure was present in all the asphaltenes, judging by the IR spectra.
Methylene and methyl groups were detected. Carbonyl and hydroxyl groups
were observed in all spectra. The spectroscopic results show that the
asphaltene structure does depend on the manufacturing technology by which
the original material was produced. The oxidation processes used in asphalt
production bring about changes in the aromaticity and degree of branching
of the asphaltenes and in the content of functional groups in these
materials. The asphaltene characteristics are tabulated. The influence of
oxidation method on asphaltene and asphalt properties was studied in the
example of model systems prepared from deasphalted oil A and various
asphaltenes, these asphaltenes having been recovered from asphalts produced
by oxidizing West Siberian reduced crude, either in a bubbled batch
shellstill or in a continuous tubular reactor. The considerably higher
values of penetration index for the products derived from the continuously
oxidized asphalt are a further indication of the strong influence of
oxidation method on the heat resistance of asphalts. 4 refs.
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ABSTRACT .

The papers in this Record include: a description of changes in the
physical properties of six recovered asphalt cements as a function of time
in service; a report on results of an extended 1l2-year study of the
properties of recovered asphalts taken from 13 pavements in Pennsylvania; a
report on asphalt binder hardening in the Michigan Road Test; a correlation
of the low-temperature stiffness of asphalt mixes as measured by creep
tests with the low-temperature stiffness estimated from ASTM penetration
and viscosity measurements on rolling thin film oven residues and asphalts
recovered from mixes; a description of laboratory studies of the blending
of asphalts to achieve desired aging index and viscosity properties in the
resultant blends; and the cataloging and evaluating of the physical
properties of 20 AC-20 asphalt cements to assist in the future development
of specifications based on fundamental units of measurement.
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ABSTRACT :

Six asphalt cements from different sources were used during 1964 in the
construction of the pavements studied and reported in this paper. These
asphalt cements ranged in viscosity at 140 F from 966 to 2649 poises and in
penetration from 62 to 149 units. Tests were conducted to determine the
properties of the original asphalts, as well as the asphalts recovered from
time to time from the pavements. Pavements were evaluated in 1974 by a
team of eight evaluators. Data on the percentage of air voids in the test
pavements and the rheological properties of the recovered asphalts
indicated that changes in the percentage air voids, viscosity at 77 and 140
F, and shear susceptibility at 77 F followed the following hyperbolic
model suggested by earlier investigators:

T/y = a + b*T

where y = change in test property (such as viscosity, penetration, shear
susceptibility) with time; T = time; a = intercept of the equation line on
the ordinate; b = slope of the equation line; and = ultimate change
(limiting value of change) of the property at infinite time. The term a is
primarily a measure of the rate of change or degree of curving of the
hyperbola. The experimental data, when fitted to the above equation by
the least square regression method, gave excellent correlation coefficient
for viscosity, shear susceptibility (tangent of the angle of log shear rate
versus log viscosity), and the percentage of air voids. Pavement
performance as indicated by the rating rank was affected significantly by
the extent of air voids in the pavement. The apparent viscosity at 77 F
after pug mill mixing seemed to control the ability of pavements to compact
further under traffic at ambient temperatures. Therefore, the air voids
should be considered a secondary control factor, since they are affected by
other primary parameters, including the apparent viscosity at 77 F after
mixing. It is interesting to note here that the viscosity at 140 F did
not give good correlation with the ability to compact. Viscosity or
shear susceptibility of the aging asphalt alone does not necessarily
indicate pavement performance. The rate of gain in shear susceptibility
relative to increases in viscosity at 77 F seems to be one of the major
factors affecting pavement performance. Relatively lower gain in shear
susceptibility with the corresponding increase in viscosity is associated
with better pavement performance in this study. The fact that asphalt
ductility values were determined at 39.2 F before and after pug mill
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mixing seems to be consistent with pavement performance observed. Higher

ductility values after pug mill mixing indicate better pavement
performance.
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ABSTRACT :

Results are presented of an experimental program which was carried out
to investigate the kinetics of coal-tar autoxidation. The measurement of
viscosity and refractive-index change were regarded as the most convenient
ways to determine the extent of coal-tar autoxidation; hence, both of these
methods were used in this study. Present-day theory of autoxidation is
employed to explain the different mechanisms involved in the autoxidation
of whole tar, neutral oils, tar acids, and tar bases respectively, under
ambient storage conditions. Extensive experimental data are plotted and
evaluated. 10 refs.
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ABSTRACT

Test sections were constructed to obtain an indication of the

effectiveness of grading asphalts by viscosity. Tests indicate that the

standard tests such as viscosity, penetration and ductility are of value as

indicators of asphalt quality, but Force Ductility, viscosity vs shear

rate, and Temperature Susceptibility are more effective. A chemical

breakdown also is a good indicator of asphalt quality, and shows a

difference in asphalts mainly dependant upon the source of crude. This

difference in source has more effect on performance than does the viscosity

grade. Generally, the ’softer’ asphalts performed better in Utah's climate.

Recommendations are made for desired asphalt properties.
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ABSTRACT :

A system for predicting the stiffness theory of an asphalt concrete
pavement layer throughout its design analysis period has been developed.
The system uses standard material properties and environmental inputs to
predict the daily changes in stiffness due to temperature variations and
also the long-term changes in stiffness due to hardening of the asphalt
cement binder. 24 refs.
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ABSTRACT

In this discussion, the author expresses his concerns about the
conclusions drawn in the paper by Kandhal et al. regarding the good
correlation found between aging indices and shear susceptibility values of
aged asphalts. That good correlation led Kandhal et al. to consider that
shear susceptibility is one of the important factors affecting the pavement
performance, and that the gain in shear susceptibility should be
controlled. Some of the important points in the discussion are
summarized as follows: (a) the authors have confused causes and effects.
The variation in performance was largely governed by the differences in
bitumen consistency in the pug mill, and the consequent variation in
initial and traffic compaction. The degree of compaction controlled the
air voids and permeability and thereby influenced the extent of hardening
and associated increases in shear susceptibility. It is known that
consistency and shear susceptibility are highly correlated; (b) using data
from the paper, the shear susceptibility is plotted against performance
rating. The relation is not sufficiently good; (c) using data from a
comprehensive study of 110 surfacings laid in Southern France in May 1963,
it can be shown that the rate of hardening in dense, impermeable asphalt
surfacings and the consequential increase in shear susceptibility are
neglible compared with that experienced by the authors in their work; (d)
using data from a road trial carried out in Belgium, it was shown that
there is a clear trend of increasing skid resistance as shear
susceptibility increases. These results are quoted to offset the
impression given by the authors that high shear susceptibility is
undesirable; (e) from a rheological/mechanical point of view, high shear
susceptibility can convey definite advantages, one of which is a reduction
of the change of asphalt stiffness with temperature and loading time. This
property can be employed to reduce both the tendencies of asphalt to crack
at very low temperatures and to deform at high temperatures; (f)
attributing differences in road performance to an increase in shear
susceptibility is not well justified by the authors.
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ABSTRACT

The present work is related to studies on Interstate 10 in the northern
part of Florida, which has been in service for nine years. The data
collected provide quantitative information statistically analyzed on values
of six variables that might be considered as precursors of performance.
The variables are: percent asphalt, percent voids, percent retained
penetration, viscosity, and shear susceptibility of recovered asphalts.
Recovered core samples were inspected from pavements that showed good and
poor performance as evaluated by cracking area and deflection measurements
at ages of 104 to 134 months from a stretch of highway of about 50 mi in
length. The Abson method (AASHTO 170) was used for asphalt recovery.
Penetration of recovered asphalts was measured and divided by 92.5 as a
representative value of original penetration, because original, exact
properties of the asphalts were not known. Absolute viscosity at 25 C,
shear susceptibility using the Florida capillary method, and viscosities at
60 C and 135 C (ASTM methods) were also measured. Temperature
susceptibility was evaluated by the ratio of viscosity at 60 C to
viscosity at 135 C. Statistical analysis of the data collected
indicates, unlike the results of other investigators, that temperature
susceptibility is a critical factor. A definite trend for this variable
with considerable scatter is shown by the data. It has been difficult to
determine an exact ranking of the importance of all the variables studied
because of the interrelation of the primary variables. Percent voids seems
to be the most critical consideration. It appears that when the
recovered asphalt viscosity at 77 F exceeds 10 megapoises, poor
performance can be expected. Percent asphalt content cannot be used as a
criterion, since other factors such as soft asphalt and low voids may
compensate for low percent asphalt or vice versa. The percent retained
penetration is another indicator synonymous with increased viscosity, but
it probably is less sensitive than the later. Both the shear
susceptibility and temperature susceptibility appear to be less convincing
criterion for performance rating, but their importance may be precluded by
the strong indications given for the viscosity. The latter variable may
actually control these two variables since they both may not be truly
independent.
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ABSTRACT
Research has indicated that absolute viscosity alone cannot specify the
complete rheological behavior of paving-grade asphalts, and other
parameters such as shear susceptibility or temperature susceptibility or
both are needed. Hence, to study these suggested viscosity-related
parameters in relation to the performance of the in-service pavements, six
viscosity-graded asphalts from different sources were used in the
construction of pavements sections. Tests to determine the
viscosity-related properties of the original asphalts, as well as the
asphalts recovered from time to time for pavements in service, have been
conducted. Evaluation of the performance of these test pavements was
carried out using a rating method which reflects effect of aging on
pavement condition. The aging index based on viscosity at 77 F (25 c)
(.05 1/sec shear rate) was rounded to conform to the pavement performance
rating and thus seems to be more meaningful to indicate the comparative
aging and life expectancy of the test pavements. The viscosity at 77 F
(after mixing in the pug mill), measured using the sliding microviscometer
designed by Shell, was found related to the capability of pavements to
compact under traffic. Viscosity at 140F using the Cannen Manning Vacuum
Viscometer did not show such relation. Shear susceptibility at 77 F of
the six aged asphalts was determined after 30-, 42-, and 78-month periods.
Very good correlation was obtained between aging indexes (based on
viscosity at 77 F) and the shear susceptibility values, which indicates
that shear susceptibility is one of the major factors affecting the
pavement performance. Data on temperature susceptibility of the asphalts
in three temperature ranges (39.2-77 F, 77-140 F, and 140-275 F) for the
original and aged asphalts were collected. A decreasing trend of
temperature susceptibility was observed with aging in the first two
temperature ranges, whereas the increase in the 140 to 275 F range is not
appreciable. It appears that the temperature susceptibility parameter may
have more significance in the case of low viscosity asphalts. There was an
absence of any crack pattern on these test pavements, which can be
attributed to temperature susceptibility.
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ABSTRACT

The objective of this study was to develop a practical laboratory test
to measure reliably the relative durability of paving asphalts. An
approximate test must harden a wide variety of asphalts in the same order
as for field exposure. The studies reported demonstrated that current _
asphalt durability tests do not properly relate to field hardening because
they exaggerate unrealistically the volatile loss to obtain sufficient
oxidative hardening. Four asphalts with widely different hardening
properties were used in the study. Asphalt concrete (4 C) specimens using
the same aggregates were prepared and exposed in a 140 F oven. At
appropriate intervals, specimens were removed, asphalt was recovered, and
microviscositics (at 77F, under a uniform stress of 167g/CM"2) were
measured. These results were assumed to represent field hardening.
Asphalt specimens were then used in running durability tests under
different conditions, and the results compared to those of the extracted
asphalts from the aged AC specimen. The rolling microfilm oven test
(RMFO) was conducted on each asphalt to study the effect of the following:
(a) mineral filler and temperature, (b) extra air circulation, (c)
capillary venting, (d) simulating hot-mix hardening prior to test, and (e)
increasing exposure time. Best correlations were found when using exposure
of a 20 nm film at asphalt deposited on the walls of an RTFO bottle
(vertical through a .04 1lid diameter, 2-in long capillary tube) in an RTF
circulating oven for 48 hours at 210 F. No effects of fillers were
observed. Comparison of the new RMFC test results on asphalts used in
the Zaca-Wigmore and the life of the test sections at 10 percent cracking
shows a better correlation than that obtained using the RMFO test results.
Comparison of RMFC exposure with hardening in recent California Division of
Highways field tests also indicated that this test is useful in ranking
asphalts in the same order as they harden in the field. The comparison
indicated that asphalts will harden differently in each location and in
each different kind of mix. Each different field condition would be
represented by an individual curve on a log viscosities chart.
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ABSTRACT .

A total of 24 asphalts in 8 test sections are being evaluated relative
to their change in viscosity with time. The test sections are located in
different climatic areas in California. Statistical correlations are
presented covering various laboratory test methods for predicting asphalt
durability with 30 and 50 months of pavement service life. The laboratory
test methods employed for predicting asphalt durability involve the concept
vhereby the asphalt is weathered by heat and air in a thin film. The amount
of heat and thickness of the film varies, but the end result is basically
volatization and oxidation to cause hardening of the asphalt. Additonal
correlations are presented using original voids and chemical procedures
involving the Rostler analysis and Heithaus procedure. This report
discusses the findings to date; additional pavement servicde life will be
required before final conclusions can be drawn. 17 refs.
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ABSTRACT .

The absorption of oxygen by bitumens in the light and in the dark was
measured at ambient temperature with stirred solutions in an indifferent
solvent to avoid problems owing to diffusion effects. The rate of
absorption was considerably increased by light (fluorescent lighting) and
by traces of certain metals. All chemical-type fractions prepared from
bitumens by chromatographic separation oxidized in the light, but only the
asphaltenes and resins absorbed oxygen in the dark; this reaction was
probably initiated by the stable free radicals present in bitumens. The
concentration of reactive components in dark-colored bitumens is higher
than in light-colored ones, but in practice the dark color acts as a
protection against excessive oxidation in the light. Few of the compounds
known to inhibit oxidation reactions appeared to affect bitumen oxidation.
Those that were active accelerated oxygen absorption in the light but had
hardly any effect in the dark. The effects found with these substances in
the light experiments were checked with weather-o-meter experiments.
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ABSTRACT

A total of 24 asphalts in 8 test sections were evaluated relative to
their change in viscosity with time. The test sections were located in
different climatic ares in California. Statistical correlations with 30
and 50 months of pavement service life are presented, covering the results
of various laboratory test methods for predicting asphalt durability:
Ottawa sand mix (140 F, 400 h, 1000 h), weathering plates (210 F, 24
H), extended RTF (325 F, 5 H), field density briquette (140 F, 90 days),
Rostler ratio (N+Al)/(P+A2), percent original voids, Heithaus value P, and
Cherron research RMFC. The data analysis indicated that the poorest
correlation with field weathering, in general, was obtained with the
weathering plate test at 210F used in the tentative specification. The
best correlation appeared to be with the Cherron RMFC test, at 48 hours.
Correlations for the durability tests were in terms of viscosity at 77 F.
Initial air voids were observed to be an important factor in controlling
early asphalt hardening. Also more field weathering time is called for
before final conclusions can be made on the reliability of the various
laboratory test methods for predicting asphalt durability.
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ABSTRACT
Results presented show that a series of asphalts having original
viscosities at 140 F within a narrow band has a very wide range in
viscosity after a test that simulates hot-mix hardening. Studies on the
relation between asphalt consistency and field "setting" properties of the
paving mixture.
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ABSTRACT :

The behavior of the eight bitumens was studied in dense type hot mix
wearing courses subjected to medium to heavy traffic in two European areas,
one with a hot and dry summer, the other with a continental cold winter
with much heavier rainfall. The paper describes the work carried out on
both trails during the first 5 to 6 yr in service. Test work included skid-
resistance and deflection measurements. Laboratory investigations were
conducted to study changes which have occurred in the chemical composition,
rheological properties and general aging characteristics of the bitumens.
10 refs.
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ABSTRACT :

How reducing the void content of asphalt concrete pavements to less than
3% improves the lifetime durability. Fifty-three projects in 19 states were
tested in detail, 38 were still in service as constructed while the other
15 had been resurfaced. There were 29 asphalt sources represented, with
some of the asphalts used on more than one project. A summary of results is
given. Effect of voids and filled voids, the relation of void content to
penetration of recovered asphalt, and test procedures used are discussed.
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ABSTRACT

50.
Bynum, D. Dr., Traxler, R. N.

Gel Permeation Chromatography Data on Asphalts Before and AFter
Service in Pavements

: Proceedings, Association of Asphalt Paving Technologists

39
Association of Asphalt Paving Technologists

: 1970

683-702
Compendex Plus

: Asphalt cements, test sectionms, viscosity, oxidative hardening,

composition

Gel permeation chromatography was applied to nine asphalts investigated
during a cooperative research conducted by the Texas Transportation
Institute and the Texas Highway Dept on the serviceability of 1. 5 in.
thick hot mix bituminous pavement surfaces. Extracted and recovered
asphalts were tested for viscosity in the same way as the original material
to establish the extent of hardening developed in each asphalt during the
preparation and construction of the hot bituminous pavement and at
intervals of service in the pavement. 9 refs.
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ABSTRACT -:

The development of the South African bitumen-producing industry and the
introduction of air-rectified Middle East bitumens is outlined. Reasons for
air-rectification of bitumen and manufacturing procedures used by South
African refineries are given. Air-rectified and straight-run 80/1000
penetration grade bitumens used in premix surfacing experiments are
critically examined in terms of the specification for bitumen road cements,
a ductilitypenetration curve and a chemical component ratioc both suggested
by the US Bureau of Public Roads. It is shown that the physical and
chemical parameters correlate well with road performance data obtained from
these road experiments. 14 refs.
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AUTHOR : Behl, B. A., Scrivner, F. H., Traxler, R. N.
TITLE : Oxidation of Asphalt Films Measured by Light Scattering
JOURNAL  : Indus & Eng Chem-Product Research & Development

VOLUME No.: 8, No. &
PUBLISHER : American Chemical Society, Easton, PA
YEAR : 1969
PAGES : 453-459
ABSTRACTOR: Compendex Plus
KEYWORDS : Asphalt cements, oxidative hardening, light-scattering,
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ABSTRACT

The light-scattering technique is a reliable measure of the
susceptibility of an asphalt to oxidation. The relation among the
light-scattering ratio, relative film thickness, and time in minutes of
exposure to ozomne, is represented with acceptable accuracy by the equation
given. There is a well defined relationship between hardening index
(relative viscosity) and the light-scattering ratio of an asphalt. 7 refs.
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RECORD No.: 53.

AUTHOR : Majidzadeh, K.

TITLE : Rheological Aspects of Aging-2

JOURNAL : Nat Acad Sciences-Nat Research Council-Highway Research Rec

VOLUME No.: 273

PUBLISHER : HRB

YEAR : 1969

PAGES T 28-41

ABSTRACTOR: Compendex Plus

KEYWORDS : Asphalt cements, oxidative hardening, viscoelastic model
parameters, creep compliance, asphalt-sand mixes, activation
energy

ABSTRACT

Effect of aging of asphaltic binder on rheological response of
sand-asphalt mixtures is studied; experiment and method of analysis follow
procedures outlined in earlier report indexed in Engineering Index 1968 p
2651; Creep response of sand-asphalts at various temperatures and aging
were analyzed, and viscoelastic model parameter and overall response were
related to asphalt aging index; analysis of activation energy was carried
out. 14 refs.
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RECORD No.: 54,
AUTHOR : Abu-Elgheit, M. A., Hancock, C. K., Traxler, R. N.
TITLE : Effect of Selected Solvents on Viscosities and Oxygen Contents
of Asphalts
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PUBLISHER : American Chemical Society, Washington, DC
YEAR : 1969
PAGES : 823-826
ABSTRACTOR: Compendex Plus
KEYWORDS : Asphalt cements, oxidative hardening viscosity, oxygen content
ABSTRACT

Benzene (a), benzene-ethanol mixture (b), trichloroethylene (c¢), and
1,1,1- trichloroethane (d) were used to determine their effects as solvents
on series of six asphalt cements used in construction of bituminous
pavements; magnitude of hardening (measured by viscosity at 25 C) increased
in order (a) through (d); oxygen content was determined by neutron
activation analysis in original and recovered asphalts; in general,
recovered asphalts had lower oxygen contents than reference asphalts.
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RECORD No.: 55.
AUTHOR : Bissett, J. R.

TITLE : Changes in Physical Properties of Asphalt Cement under Service
Conditions
JOURNAL : Arkansas DOT report

VOLUME No.: HPR-1(6), Research Project No. 17
PUBLISHER : Arkansas Highway Department

YEAR : 1969
PAGES : 98p
ABSTRACTOR: NTIS
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hardening, penetration, ductility, viscosity, effect of mixing,

moisture effect
ABSTRACT

The purpose of this study was to develop information on the hardening

characteristics of asphalt cements used by the Arkansas Highway Department
during hot plant mixing and during service in pavements. Asphalt cements
from three sources within the State were used in thirteen paving contracts.
Samples of asphalt and paving mixture were obtained from each job at the
time of construction. Pavement samples representing these materials were
obtained three to six months after construction and again after 21 to 42
months service. Extraction and recovery tests were made on the mixtures and
pPavement samples and the recovered asphalts were tested for penetration and
ductility at 77F and 60F and viscosity at 140F. Paving mixtures loose and
compacted and stored under water in the laboratory were tested to determine
asphalt hardening. A laboratory study of the effect of mixing on hardening
also was made. (BPR abstract)
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RECORD No.: 56.

AUTHOR : Oakes, D. T.
TITLE : Oxidation Cracking of Asphalt Pavement
JOURNAL : Mississippi DOT report

VOLUME No.: RR-3
PUBLISHER : Mississippi State Highway Department

YEAR : 1969

PAGES : 25p

ABSTRACTOR: NTIS
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permeability, air, water, temperature
ABSTRACT _

The report presents a study of weathering effects of fluids on a
compacted asphalt aggregate mixture and the mechanisms of deterioration in
such a system. Deterioration is measured by changes in sonic modulus,
‘Young Modulus’ (stiffness), and in permeability (as an indicator of pore
channel sizes and distribution of asphalt in the system). The weathering
variables include air, water, and temperature. (BPR)
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RECORD No.: 57.
AUTHOR : Gotolski, William H.; Ciesielski, S. K.; Smith, R. W.

TITLE : Rates of Asphalt Hardening at In-Service Temperatures
JOURNAL : Pennsylvania State Univ., University Park. Coll. of
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VOLUME No.: Engineering Research B-100
PUBLISHER : Pennsylvania State University

YEAR : 1969

PAGES : 56p

ABSTRACTOR: NTIS
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ABSTRACT :

Rates of asphalt hardening at in-service pavement temperatures were
studied in the laboratory to determine the effect of this factor on the
durability of asphaltic concrete pavements. Samples of a sol, a sol-gel,
and a gel asphalt, all within the penetration range 85 to 100, were tested
at temperatures of 60, 100, 140, and 200 F, at four exposure-time intervals
increasing from 0 to 28 days. Changes in asphalt consistency were measured
by changes in apparent absolute viscosity and changes in percentage of
asphaltenes. Tests results indicated that the rate of change of apparent
absolute viscosity depends on temperature, regardless of asphalt type, and
that the formation of asphaltenes, after a period of four or five days, is
independent of asphalt type and temperature. Though the data for rate of
change were similar for the three asphalts, a sol asphalt appears to have
the best hardening characteristics for pavement durability. (Author)
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RECORD No.: 58.
AUTHOR : Morrison, W. R.
TITLE : Laboratory Investigation of Aging Characteristics of Asphalt
Cements Used in Membrane Lining Construction

JOURNAL : Report
VOLUME No.: CHE-91
PUBLISHER : Bureau of Reclamation, Denver, CO, Chemical Engineering Branch
YEAR : 1969
PAGES T 47p
ABSTRACTOR: NTIS
KEYWORDS : Oxidative aging, penetration, ductility, softening point
ABSTRACT

Laboratory test results are given for an oven aging test and thin film
oven test for determining the aging characteristics of asphalt cements used
in membrane lining construction. Hardening is allied to penetration,
ductility, and an increase in softening point. (Author)
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RECORD No.: 59

AUTHOR : R. W. Culley

TITLE : Relationships Between Hardening of Asphalt Cements and
Transverse Cracking in Saskatchewan

JOURNAL : Proceedings, Association of Asphalt Paving Technologists

VOLUME No.: 38
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YEAR : 1969

PAGES : 629-646

ABSTRACTOR: PTI
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susceptibility, shear susceptibility, cracking, handling
procedures, thin £film oven test :
ABSTRACT :

Transverse cracking and related pavement performance are major problems
with flexible pavements in Saskatchewan. An investigation into the causes
of these problems was begun in 1963, and the most significant finding was a
relationship between asphalt source or refinery and the amount of
transverse cracking. This finding led to a new specification based on
tighter viscosity limits for asphalt cement and also to an asphalt usage
program based on viscosity criteria. To determine if asphalts produced
under the new specifications still resulted in significantly different
transverse cracking patterns, a second investigation was begun in 1966.
This program consisted of measuring penetration (at 77F) and viscosity (at
60 F and shear rate of 0.05 1/sec) changes and temperature and shear
susceptibilities of asphalt, which were sampled at various locations in the
transition from the storage tank to 12 months service on five projects.

The results of this investigation showed three distinct phases in the
hardening of all asphalts, namely, the pre-mixing phase, the mixing-laying
phase, and the in-service phase. There is not, however, a significant
effect on penetration or viscosity from the various handling procedures
within any one phase. Different asphalts are not similar in their
hardening behavior. Depending on factors such as environmental temperature
range and air voids content, some asphalts harden less during pugmilling
than during service, whereas the reverse is true for other asphalts. The
use of penetration at 77 F as a measure of hardening over the 12 month
period does not show as significant a difference between the asphalts as
does the use of viscosity at 60 F or 140 F. Also, viscosities at 140 F
and 275 F have little meaning with respect to in-service pavement
behavior, therefore test data at 60 F is regarded as more meaningful.
Little change in temperature susceptibility was observed as each of the
asphalts passed from storage to 12 months of service. Data related to
shear susceptibility shows two distinct changes, one during transition from
tank to final mix and the other over 12 months of service. The increase in
shear susceptibility follows trends of viscosity increase measured at 60 F
and 0.05 1/sec. Comparison of losses (changes in penetration and
viscosity) from this film oven test with losses from actual pugmilling
shows no wvalid relationship for the particular asphalts tested. Comparison
of transverse cracking with hardening of asphalt shows no direct relation
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and suggests that transverse cracking is a complex phenomena that is
probably more affected by the degree of compaction and environmental
conditions than by changes in a single variable, such as penetration or

viscosity, during handling or mixing.
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RECORD No.: 60.

AUTHOR : Jimenez, R. A.

TITLE : Viscosity and Durability of Asphalts for Paving Mixtures
JOURNAL : N Mex Univ, Proc 6th Paving Conf Dec 12-13

VOLUME No. :

PUBLISHER : University of New Mexico

YEAR : 1968

PAGES : 93-106

ABSTRACTOR: Compendex Plus
KEYWORDS : Asphalt cements, oxidative aging, viscosity, field aving
ABSTRACT

The report is concerned with measurements of viscosity and durability of
asphalt cements used in Arizona to relate their values to the production
and performance of asphaltic paving mixtures. The data on asphalt
durability were obtained by Shell 0il Co Aging Index procedure. The
druability measurements show large differences in the resistance of aging
by oxidation of the asphalts tested.
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RECORD No.: 61. .
AUTHOR : Gotolski, W. H.; Smith, R. W.; Roberts, J. M.
TITLE : A Study of Physical Factors Affecting the Durability of

Asphaltic Pavement

JOURNAL : Pennsylvania State Univ., University Park. Dept. of Civil
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PUBLISHER : Pennsylvania State University
YEAR : 1968
PAGES : 161p

ABSTRACTOR: NTIS

KEYWORDS : Asphalt cements, oxidative aging, field performance,
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ABSTRACT :

The report is a summary of the results obtained, as of the reporting
date, in a continuing study of the factors affecting in-service asphalt
hardening and pavement durability. Among the factors considered are traffic
density, mixture composition, aggregate type and gradation, pavement
density and air voids, and asphalt consistency and chemical composition as
determined by the Rostler method of analysis. Pavement durability is
evaluated by periodic inspection. Asphalt hardening is evaluated
principally by changes in composition, penetration, viscosity and
ductility. The wearing courses in three pavement groups are studied. (BFR
Abstract).
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RECORD No.: 62.

AUTHOR :+ Clark, I1II, William H.; Thomas, J. J.
TITLE : Early Hardening of Asphalt Cement
JOURNAL : New York State DOT report

VOLUME No.: RR-68-5
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PAGES : 56p
ABSTRACTOR: NTIS
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ABSTRACT

To determine the effect of hardening of asphalt cement on pavement
performance the rates and causes were investigated. Hardening of 46
pavements ranging in age up to 16 years was studied by recovering their
asphalt cements by the Abson method and performing penetration testing on
the recovered material. A brief review of the state of the art is presented
in an appendix. (Author)
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AUTHOR : A, W, Sisko and L. C. Brunstrum
TITLE : The Rheological Properties of Asphalts in Relation to
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PAGES : 448-475
ABSTRACTOR: PTI
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ABSTRACT
There have been many studies on the changes in asphalt consistency with
aging. However, viscoelastic properties have been neglected. This paper
reports on the use of a modified Weissenberg rheogoniometer (cone and plate
viscometer) to measure viscoelastic properties of unaged and road-aged
versions of the same asphalts. The aged asphalts were recovered from 12
roads that are well distributed around the country and have been in service
for 11 years. An additional road-aged asphalt was also included from a
3-yr road. Also, another 10 asphalts were made available from a study that
aged Marshall samples in the field for 345, 730, and 1,230 days. Asphalts
used for the Marshall specimens were also aged in the thin film oven test
for various periods to compare the field with the oven hardening. Original
asphalts, and asphalts recovered from roads, from Marshall specimens, and
those aged in the TFOT were tested for penetration at 77 F viscosity at
140 F and 275 F. Composition was determined by a combined solubility and
chromatographic procedure. Glass transition temperatures (Tg) of several
asphalts were determined with a modified dilatometer, and the changes in
molecular size distribution were measured with a Mochrolab vapor pressure
Osmometer. The viscoelastic properties of several asphalts were determined
by measurements of stress and strain and their strain relationship at 1,
20, 40, 60, and 80 F and at frequencies from 0.001 to 3 cps. The
frequency range was extended by combining the data at different
temperatures to a reference temperature of 20 F using the relation between
frequency and temperature given by the WLF equation. Changes in the
asphalts were defined by the ratio of the complex moduli before and after
the TFOT, called the mix ratio (a measure of the hardening produced in
producing the road), and by the ratio of the complex moduli of the asphalt
in the road to the TFOT asphalt, called the age ratio (a measure of age
hardening in the road). Roads from which asphalts were recovered were
surveyed for evaluation of the extent of cracking, amount of plastic
deformation, and riding quality. Analysis and study of the large data
collected in the study lead to the following conclusions: (a) aging
produces changes in consistency that appear to be due to the development of
a gel structure. Hetro-atoms introduced by aging may form secondary
valence bonds that are involved in the gel. Evidence for the gel structure
comes from a number of observations: the aged asphalt does not flow back
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into a crater cut into its surface, the penetration-soften point relation
changes, the viscosity increases greatly with a small increase in molecular
weight, the WLF constants change, and large changes in viscosity occur
without a significant change in glass transition temperature; (b)
differences in the complex modulus due to TFOT are small compared to the
large differences that may occur in roads; (c) large increases, induced by
aging, in the hardness of the asphalt binder (as measured by the complex
modulus) are associated with road cracking; (d) the age hardening of
asphalt in the road does not correlate directly with the amount these
asphalts harden in TFOT; (e) at traffic stress frequencies, unaged and aged
asphalts have essentially the same mechanical properties at low
temperatures (0 to 20 F); differences due to aging appear at higher
temperatures (60 F and higher) and are more conveniently determined by
confining the tests to higher temperatures; (f) aging does not
significantly change the glass transition temperature; (g) the
time-temperature superposition principle allows the construction of master
curves of asphalt viscoelastic properties. At temperatures of 0 to 80 F,
the general WLF constants are 28.6 and 292; (h) aging shifts the
distribution of relaxation times toward longer times and reduces the
ability of asphalt to conform to applied stresses.
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ABSTRACT

The purpose of this research was to obtain a precise measure of asphalt
viscosity taken from various layers in existing pavement surfaces and to
study pavement cores of various ages to measure the magnitude of asphalt
hardening that occurs within these layers. The asphalt samples were
obtained from 14 existing pavements in Georgia by extraction and recovery
from cores. These cores are representative of ages from 4 months to 12
years. Viscosity testing was performed with the sliding plate
microvisometer developed by Shell. Absolute viscosity was determined at a
shear rate of 0.05 1/sec at 77 F in accordance with procedures proposed by
Griffin, et al. Viscosity variations with depth were obtained from asphalt
viscosity extracted from five 1/4-in layers of each core. The major
increase in viscosity was observed to be in the first layer near the
surface, and therefore the variation within that sublayer was further
studied by thinner slicing. Increase in viscosity with each 1/4-in layer
with age was studied. Also the relation between a relative increase in
viscosity and the original viscosity was investigated. The data collected
was statistically analyzed to determine major factors affecting viscosity
changes. The following conclusions were jndicated: (a) there is about a 50
percent increase in the viscosity of asphalt extracted from the top 1/4 in
of a pavement over asphalt extracted from depths of 1/2 in; (b) within the
top 1/4-in layer there is a greater viscosity immediately under the surface
than lower in the layer; (c) viscosity in the upper 1/2 in increases with
age, while little change with age occurs at greater depths; (d) at a depth
of about 1 1/2 in below the pavement surface, there is little change in
viscosity with age except for an initial increase during or before placing:
(e) at a depth of about 1 1/2 in below the pavement surface, the relative
viscosity is independent of original viscosity.
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RECORD No.: 65.
AUTHOR : D. Lee
TITLE : Development of a Laboratory Durability Test for Asphalts
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ABSTRACT

A laboratory test procedure for evaluating the durability of paving
asphalts is proposed that recognizes and is intended to simulate the
two-stage hardening of asphalt during mixing processes and subsequent
pavement service life. The test consists of first subjecting the asphalt
to the thin film oven test (TFOT) and then treating the residue in oxygen
at high pressures. The TFOT at 325 F is to simulate the changes that may
occur in asphalt during hot-mixing and the pressure-oxidation process at
150 F is to simulate the changes that may occur in asphalt during pavement
service life. A 1/8-in film thickness is used in both treatments. The
effectiveness of the proposed test in accelerating the hardening and other
changes of asphalt, the ability of the test to differentiate asphalts with
respect to changes (both physical and chemical), and the effects of time
and oxidation pressure were demonstrated by the results of the proposed
durability test on five 85 to 100 penetration grade asphalt cements and one
of 120 to 150 penetration grade. The properties measured to indicate
changes include penetration, softening point, absolute viscosity,
asphaltene content, and percent oxygen. The major conclusions from this
study are that (a) the approach of the proposed durability test is sound,
and the procedure is reproducible; (b) the procedure is capable of
accelerating the hardening of asphalt in a relatively short period of time;
(c) differences exist among asphalts in hardening during the
pressure-oxidation procedure, and therefore the procedure can distinguish
between asphalts that are susceptible to hardening and those that are not;
(d) the hardening in the pressure-oxidation process is a hyperbolic
function of time, which suggests that a definite correlation can be
established between field hardening and the proposed laboratory durability
test; and (e) continued study into the next phase of the durability test
investigation is necessary and warranted so that the information obtained
can be put into useful and applied form in asphalt paving design and
quality control.
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AUTHOR : Vind, Harold P.
TITLE : Oxidative Degradation of Asphalt
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ABSTRACT

Knowledge that the deterioration of asphalt is primarily an oxidative
process leads to three general approaches for preventing the deterioration
of asphaltic construction mixtures: (1) Agents might be added or other
measures might be employed to lower the intrinsic reactivity of asphalt
with oxygen, even when the availability of oxygen is not limited; (2)
Sacrifical oxygen-consuming agents might be added to the construction
mixtures to limit the amount of oxygen available for reacting with the
asphalt; (3) Impermeable surface coatings might be applied or fine
particles might be added to clog or seal the pores, thereby retarding the
diffusion of oxygen through the asphaltic mixtures. The three proposed
approaches are applicable irrespective of the involvement of bacteria in
the degradation of the asphaltic construction mixtures. Other measures for
prolonging the service life of special asphaltic compositions might be the
application of heat reflective white coatings to prevent solar heating, or

the incorporation of water-absorbing additives to prevent penetration by
water.
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ABSTRACT

This report presents the results of tests that appear to provide
necessary measurements for the evaluation of mixing and service life
durability and "setting"” characteristics during and immediately following
construction. Two groups of asphalts were used in the test program. The
first was composed of forty 85 to 100 grade paving asphalts from the
1954-55 Bureau of Public Roads test series. The second was a group known
as the AC series, which were produced to conform to the 1963 tentative
grade requirements of the Asphalt Institute. Changes during mixing were
studied using the AASHO thin film oven test and the California rolling thin
film test. A satisfactory correlation was found for results obtained by
both methods in terms of penetration. However, the California rolling test
showed a slightly greater hardening when kinematic viscosities at 140 F
and 275 F were compared. It was concluded that either method will
provide a test for determining change in consistency during mixing.
Specification requirements to provide proper "setting" are presented.
These requirements were based on controlling grade and the setting property
by specifying viscosity ranges in absolute units at 140 F and 275 F on
the residue from the California thin film test. These requirements are
expected to ensure an asphalt or more uniform consistency in the paving
mixture than is now attained by present or other proposed specification.
Results showed that a series of asphalts having original viscosity at 140
F within a narrow band had a very wide range in viscosity after the rolling
thin film test. The proposed specifications may control such differences.
Tests simulating pavement service life were performed on the two groups of
asphalts. The forty 85 to 100 grade paving asphalts were subjected to
infrared weathering in an oven for 1,000 hours, which was found to be
equivalent to at least 5 years of service life, and in a modified thin film
oven test for durability requirements in our tentative specification.
Measurements of changes in properties during and at the conclusion of these
tests were performed by determining abrasion resistance, viscosities at two
different shear rates, and ductility. Studies of property changes indicate
that the asphalts may be divided into five groups. Some of the asphalts
weather very rapidly from volatilization and chemical change while others
weather quite slowly as measured by change in consistency, but the shear
susceptibility changes very rapidly with a rapid drop in ductile
properties. The results indicated that the asphalts weather in different
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ways and could present different forms of pavement failure. This study
indicates that an important problem in asphalt specification requirements
is the determination of the maximum amount of shear susceptibility that may
develop in a paving grade asphalt prior to pavement failure. A good
relation between durability residue shear index and micro-ductility for
moderate weathering rate asphalts was found. It seems apparent that the
development of a high shear index during weathering may have been the cause
of failures previously reported in the literature as concerned with a
decrease in ductility values. Both factors, shear index and ductility,
related to the internal phase relationship of the asphaltic constituents.
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ABSTRACT .

The effect of aging on the flow properties of three asphalts of
different origins was studied at different temperatures. The variables
considered included the type of asphalt, the degree of aging, the
temperature, and the shear rate. The flow of asphalts was measured by
three different viscometers: a sliding plate microviscometer that covered
a shear rate change of 0.00001 to 1 reciprocal seconds and a temperature
range of 5 to 60 C, capillary viscometers, and a coaxial cylinder type of
viscometer. Aging was done with a modified thin film oven with rotating
tilted shelves. A limited study was performed to determine the change in
the average molecular weights of asphalts and their asphaltene and maltene
components. The results of this study showed that for the three asphalts
studied and for the method of aging used, aging may result in the following
changes: (a) aging increases the degree of non-Newtonian flow behavior.
The change in the free energy of activation may be used as a measure of
this influence; (b) aging increases the maximum temperature at which
non-Newtonian flow behavior is exhibited; (c) as the aging progresses, the
asphalt becomes more strongly bonded and less temperature susceptible in
the low temperature region (below the softening point temperature); (d) in
the higher temperature ranges, however, the situation is quite different.
The aging process reduces the size of the large molecules, and their
ability to trap the small oily molecules is restricted so that they are
more loosely held. Increasing the test temperature can more easily release
these molecules, and therefore the asphalt is more susceptible in the
higher temperature range after it is aged; (e) the softening point
increases with aging. A significant change takes place in the asphalt flow
behavior within a narrow range of temperature, and the ring and ball
softening point is within this range; (f) the aging of the asphalt to any
significant degree does not seem to change the average molecular weight of
the asphalt substantially; (g) flow data obtained by different viscometers
are consistent, and different viscometers can be used to obtain shear data
over a wide range of shear rate or shear stress. The Principle of reduced
variables can be used to further extend this range by reducing the data
obtained at different temperatures to an arbitrary base temperature; (h)
aging increases the proportion of asphaltenes in each asphalt. Some
breakdown of the complex asphaltene units may be taking place.
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ABSTRACT : .

To assist in the development of significant specifications for road
bitumens, two large-scale road trails have been laid in Europe involving
eight bitumens of different physical characteristics within the 70/100
penetration grade range. The first trial was constructed in France in 1963
and the second in South Germany in 1964. One area chosen has a largely hot
and dry climate, the other has a cold winter. In each trial, two types of
mix design, three binder contents for each type of mix, and two types of
aggregate were used with each bitumen. Together with control sectioms, a
total of 110 test sections were constructed for each road trial. To
measure the extent of deterioration, inspections of the roads were made
twice a year by panels of observers. The inspections indicated that there
is only slight deterioration that cannot be attributed to bitumen types.
Viscosity data on bitumens recovered from samples taken at different stages
of construction indicate that much of the initial hardening really occurs
during the laying/compaction operation. The different mix designs, in
spite of widely different filler contents, did not have much influence on
bitumen hardening during mixing. Chemical composition data show that the
most significant change during the mixing/laying operation was an increase
of n-heptane asphaltenes. After 20 months of service, there were no
differences in viscosity increase between coarse- and dense-graded mixes.
Viscoelastic properties of the recovered bitumens at loading times
representative of traffic stresses were studied using a double cone
microelastometer. At short loading times the loss tangent (tan/delta) was
shown to be a good measure of the amount of structure of "gel character" in
the bitumen as it is aged. A decrease in tan at a particular value of
complex modulus will result in an increase of shear susceptibility. Plots
of tan versus complex modulus are suggested to study the influence of aging
on short time viscoelastic behavior of bitumens. At long loading times
it was shown that an aging index based on viscosities before and after
aging should be based on viscosities at constant shear stress, rather than
at constant shear rate. It was shown that aging index based on viscosities
at constant shear rate will vary with shear rate while an aging index
calculated from constant shear stress data is reasonably independent on
shear stress. Aging indices based on viscosities at constant arbitrary
shear rates will tend to decrease with increasing shear rate. The validity
of this concept will be fully tested by results emerging from the trials.
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ABSTRACT

This paper presents data on the hardening of 85 to 100 penetration
asphalt cements (based on viscosity measurements) from the time they
entered the hot-mix plant through the laying of the pavement surfacing and
two years of service. Thirteen asphalts (made at nine different
refineries), employed by the Texas Highway Department in their maintenance
program at 13 locations in the state, were used in the study. Density and
permeability of mixes, mineralogical properties of aggregates, and
viscosity at 77, 95, 140, and 275 F of the asphalt cements (original and
recovered) were measured. Ductilities using the California microductility
machine at 77 F were also measured. Susceptibility for hardening of the
asphalt cements was tested (15 micron films heated in a dark air oven for 2
hr at 225 F). Asphaltene contents were determined on original and 1- and
2-yr-old asphalts. Recovered petrolenes were tested for viscosity at 77
F. Viscosities at 77 and 95 F were made in the thin film (sliding plate)
Hallikanien viscometer at .05 1l/sec rate of shear. Penetration at 77 F,
100 grams, 5 sec were determined on each original and recovered asphalt.
Results indicated that relatively slow hardening occurs during the
preparation of a paving mixture at temperature of 250 to 325 F, laying the
surfacing and during the first 2 weeks of service. However, from then up
to 2 yr the hardening of asphalts is much more. This hardening varies
among the different asphalts combined with different aggregates under
various service conditions. Asphaltene content increases during the
preparation and laying of the pavement and up to 1 yr of service. Between
1 and 2 yr of service the asphaltene content usually increases, but in a
few situations an unexplained decrease is noted. This decrease may be
related to absorption and absorption of different asphalt components at the
surface of the different aggregates. Viscosities of the petrolens, over
the 2-year period increased from 1.05 to 20.1 fold. This increase and the
increase in asphaltene content with time do not explain the hardening of
the films of asphalt cement during service in every case.
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ABSTRACT

The investigation was a study of the hardening of the asphaltic binder
that occurs in the early life of hot bituminous concrete pavements and in
compacted samples cut from the pavements. The rate of hardening was
established in hot bituminous wearing surfaces during the first 30 to 60
days of the pavement life. Asphalt of 85-100 penetration grade from four
different supply sources and one 170 penetration grade asphalt was used.
The hardening of the asphalt in compacted pavement samples was determined
when stored at 9F, room temperature, and 140F. The effect of sealing the
samples from the air and storing under water was investigated. The effect
on the hardening of the rate of cooling of the hot samples was studied. The
hardening in the road and in compacted samples varied with the different
asphalts used. Hardening occurring in the first 10 days of service was
often greater than that occurring in the mixing operation. The hardening of
the compacted pavement samples during laboratory storage was very much
dependent on temperature. For some of asphalts a sample stored for 20 days
at room temperature lost 13X of its penetration. Storing samples under
water or at 9F maintained samples close to their original hardness. Sealing
samples from the air with thin asphalt layers was not effective in
retarding hardening. Rate of cooling had measurable effects on the
hardening that occurred. Hardening that had occurred in a few old roads was
determined. The asphalt in surface courses of two pavements 15 to 17 years
of age showed recovered penetrations of 15 to 18. For other pavements 5
years of age the penetrations of the asphalt varied from 18 to 24. (Author)
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ABSTRACT :

The purpose of this investigation was to study the effect of the
viscosity of the asphaltic binder on the mixing, laying, and compaction of
hot bituminous base, binder, and sand asphalt mixes, and to observe the
performance under traffic of test strips laid from these mixes. Four test
strips were laid for each of the above mixes in which the mix viscosity of
the asphaltic binder was varied from approximately 930 to 40 Saybolt Furol
Seconds. Temperatures were measured in the pavement at four different
elevations during rolling operations. Ross counts were made on the base and
binder mixes as they left the mix box, laying characteristics of the mixes
were observed, and densities were measured on the finished pavements.
Samples of pavement were taken immediately after laying, after 10 months
and after 21 or 22 months, and the asphalt extracted and recovered.
Penetrations and viscosities were determined on the recovered asphalts.
Ross counts and visual inspection showed incomplete coating of the
aggregate for all mixes at the high mix viscosities. Base and binder mixes
laid satisfactory at all mix temperatures but the sand asphalt showed some
tearing at the higher mix viscosities. There was a slight tendency toward
higher densities with higher mix temperatures. There was definitely greater
hardening in the mix box with increased mix temperature. However, as the
strips aged this relationship showed some change. The base and binder mixes
made at 250F showed the least hardening after 10 months and 22 months
service. Sand asphalt strips showed similar hardness after 21 months. The
thicker pavement layers hardened more slowly than thin layers. (Author)
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ABSTRACT :

This study consisted of the design and construction of 13 bituminous
concrete test sections on 8 miles of pavement and observation of these over
a period of time. The main variables were three grades of asphalt cement
and four types of mineral filler. An additional section contained a polymer
blended asphalt. Samples of mixture were obtained from construction and the
pavement was sampled at two subsequent periods. Samples were tested for
density and hardening of the asphalt cement. Generally, the mixtures
densified with time and traffic although it was found that densification
continued during winter months which was not expected. The filler had more
influence on densification than did the asphalt grade. The trends for
hardening of the asphalt were inconclusive in that most of the results
showed softening following construction. Visual observations indicated
little difference in the performance of the mixtures during construction
and after four years of service.
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ABSTRACT

The authors present comprehensive information on the properties of
asphalt cements that are associated with essential engineering
requirements. Data are included for a series of penetration grades of
asphalt cements representing nationwide production in 1954-1955 and a
special series of asphalt cements graded by viscosity at 140F also
representing nationwide sources. Data are reported to show the rheological
properties of the original asphalt and the changes in these properties as a
result of weathering by the Shot abrasion test and measurements of
viscosity, shear susceptibility and microductility. The authors classify
the asphalts into 5 groups, depending upon the changes in the properties
induced by weathering.
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ABSTRACT :

The conclusions are: (1) The constant-power calculated viscosities of
the oven aged asphalts increased more rapidly with increasing oven
temperature than with oven time; (2) The aging index values of the asphalt
differed at a given viscosity test temperature and for a given asphalt and
aging, the aging index increased with decreasing test temperature; (3)
Using viscosity-shear plots, the asphalts were shown to have different
degrees of non-Newtonian characteristics. Generally, non-Newtonianism
increased as aging increased and as test temperature decreased; (4) The
percent asphaltene content increased with oven aging, being highest for
the most non-Newtonian asphalt and lowest for the least non-Newtonian
asphalt; (5) As aging increased, the change in intrinsic viscosity of aged
asphalt solutions in benzene increased. Excepting asphaltenes from the
least non-Newtonian asphalt, the asphaltene intrinsic viscosity increased
at a greater rate beyond a ’‘critical degree’ of aging for each asphalt,
indicating that the asphaltenes increase in size weight rapidly above some
aging severity; (6) Molecular weights of asphaltenes were determined
indirectly by calculations using Staudinger’'s equation with the intrinsic
data. Due to the equation, molecular weights increased with aging in the
same manner as intrinsic viscosity did, weights ranged from 900 to 1400
grams per mole; (7) Limited glass transition temperature data were
obtained. It was found that by using the glass transition temperatures and
log viscosity versus reciprical temperature plots obtained for the asphalt,
plots of the unaged and aged asphalt samples could be shifted by use of the
Williams-Landel-Ferry equation to a 'reference’ plot. (Author)
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ABSTRACT

The research reported herein was performed at Georgia Tech under the
sponsorship of Georgia Highway Department and the Bureau of Public Roads to
determine the significance and seriousness of asphalt hardening during the
period of haul. Samples of hot bituminous mix were taken from trucks
traveling enroute from the mixing plant to the paving site at times of one,
two, and four hours after preparation of the mix. In addition, mix samples
were taken immediately after mixing, and after the material had been placed
on the roadway. A total of about 100 field samples were taken from ten
trucks, including asphalts manufactured from four sources of crude.
(Author)
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ABSTRACT :

The work included: (a) The rheologic analysis of the flow behavior of
three asphalts under different shear rates and at various temperatures. (b)
The use of three viscosity measuring instruments to obtain rheologic
properties over a wide range of temperature and shear rate. (c) The aging
of the asphalts to different levels and the determination of their flow
behavior. (d) The application of various rheologic models, including
especially the hyperbolic sine model, to the flow of asphalt. (e) The
chemical separation of the asphalts into asphaltene and maltene components
and the determination of aging effects on these components. (f) The
measurement of intrinsic viscosity of the aged and unaged asphalts and
their components to determine the effects of aging on composition and
molecular weight. (g) A limited study of tests such as glass transition and
direct molecular weight. (Author)
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ABSTRACT

Relations between the mechanical variables and the degree of aging of
asphaltic materials were studied to determine the effect of aging on such a
relationship. Rheologic analysis was made of the flow behavior of three
asphalts under different shear rates and at various temperatures using
three viscosity measuring instruments. Asphalts were aged to different
levels and their flow behavior determined using various rheologic models,
including the hyperbolic sine model. The intrinsic viscosity was measured
of the aged and unaged asphalts and their components to determine the
effects of aging on composition and molecular weight. Glass transition and
direct molecular weight tests were studied. It is concluded that flow data
obtained by different viscometers are consistent when adjusted for errors
of the geometry of the instruments, and the temperature dependency of
viscosity requires that viscosity variation with temperature at fixed shear
be larger than that at fixed shear rate. An examination of the
applicability of Eyrings hyperbolic sine relation to the analysis of the
flow of the three asphalts used reveals that: 1. For these three asphalts
there exist critical shear stresses, beyond which the hyperbolic sine
relations fails to represent the flow behavior of each material, and 2.
When these critical shear stresses are within the experimental range, the
flow results cannot be represented by such a relationship. The degree of
aging influences the non-Newtonian response of the material, and the change
in the free energy of activation may be used as a measure of this
influence. The aging of the asphalt to any particular degree does not seem
to change the average molecular weight of the asphalt substantially.
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ABSTRACT

Combinations of 8 asphaltic bitumens and 12 selected antioxidants have
been examined for susceptibility to oxidative hardening. Bitumen films 40
microns thick were oxidized at 300 psi in the dark and by simple exposure
to solar radiation. Subsequent changes were determined with the sliding
plate microviscometer. Many combinations exhibited improving stability and
their behavior is discussed in relation to the current theory of
autoxidation of hydrocarbons.
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ABSTRACT

To analyze the effects of asphalt viscosity or temperature on the
mechanical properties of bituminous concrete, constant load compressive
tests were employed. Using a standard creep testing program, the
instantaneous elastic, retarded elastic, and viscous deformation were
recorded and analyzed. Correlations were developed between original and
recovered binder viscosity, mixture rheological strength moduli, and
mixture deformations for a wide range of loading times and temperatures.
The applications of linear viscoelastic theory, apparent activation energy
- concepts, and time-temperature superposition principle were investigated
and validated. Equations of state relating stress, strain, time, and
temperature-dependent behavior were developed and evaluated. These can be
used to evaluate mechanical properties which cannot be obtained
experimentally and to reduce the number of experiments needed to define the
response of bituminous mixtures. (Author)
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ABSTRACT :

Failure in bituminous pavements consists, in general, of the formation
of cracks that result from external forces being greater than the cohesive
forces of the asphalt. Based partly on experimental evidence, it has
become customary to relate loss in cohesive forces of weathered asphalts
with an increase in consistency as determined by viscosity, penetration,
and ductility tests. Weathered asphalts at constant temperature have flow
properties that vary with the magnitude of shearing stress. At low
stresses up to a certain limit, the viscosity is constant and the shear
stress is proportional to the shear rate. Beyond this stress limit, the
flow in non-Newtonian and the shear stress is proportional to the shear
rate raised to the power of b. It requires, therefore, three constants to
characterize the flow properties of non-Newtonian asphalts in the described
stress range. It is suggested to compare the viscosities at a given shear
rate of an asphalt before and after weathering as a measurement of
durability without taking the flow properties into consideration. It is
shown that this disregard can lead to wrong interpretations of the tests
and can lead, under certain circumstances, to lower viscosities and higher
penetrations of the weathered asphalts than those of the originals. Flow
properties at low stresses are difficult to measure, but based on the
behavior of asphalts in pavements, a large amount of weathering is
accompanied by a large decrease in the value of the parameter b, which can
be easily obtained from viscosity as well as penetration measurements. The
significance of ductility is discussed in the light of present knowledge,
and it is shown that a decrease in the ductility of an asphalt after
weathering is also accompanied by a decrease in the value of the parameter
b. A great change in the flow properties of a weathered asphalt is not the
cause but the effect of failure in a pavement. Failure is due to the
presence of large residual stresses in the asphalt film, which are mainly
caused by the considerable difference in the coefficients of expansion of
mineral aggregate and asphalt. This phase is discussed on the basis of the
total energy present. It is demonstrated that residual stresses can be
reduced and the durability of the pavement improved by proper selection of
the mineral aggregate.
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ABSTRACT

Five different combinations of aggregate containing crushed stone,
natural sand, and limestone dust were used along with an 85 to 100
penetration grade asphalt for the mixtures of this study. Test specimens
were molded by means of a motorized gyratory compactor employing a
procedure that simulates the 50-blow Marshall density. At least three
specimens of each mixture were prepared and tested for each of four aging
conditions. Upon completion of aging, the specimens were tested for
Marshall stability and extracted for tests on recovered asphalt, which
included penetration, softening point, and ductility. Prior to the
Marshall tests, and in a few cases prior to aging, selected groups of
specimens were tested for air permeability using a new device developed by
the Bureau of Public Roads. Additional determinations included the surface
area for each aggregate combination, an index of asphalt film thickness for
each mixture, and the density, air voids, and mineral voids for each set of
specimens as molded. As was the case in an earlier study where gravel was
used as the coarse aggregate, the results of this study indicate that 0.435
might be a better exponent for indicating maximum density than the 0.45
exponent used in setting up the Bureau of Public Roads gradation chart
(1962 AAPT paper by the authors). Air permeability was found to be a
function of aggregate gradation as well as air voids. The air permeability
of mixes designed at about 4 percent air voids was a very low value
regardless of gradation, and does not appear to be needed as a mix design
criterion for dense-graded mixtures. Air permeability or air void content,
per se, do not appear to be factors affecting the rate of asphalt
hardening. Air voids combined with asphalt film thickness, or with an
asphalt coating index that is related to film thickness, does appear to be
an important factor affecting the rate of asphalt hardening.
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ABSTRACT .

Previous work on the study of aging was reviewed. The creep parameters
of mixture viscosity and modulus of recovery developed by Wood and Goetz
were selected for comparing creep characteristics of aged and unaged mixes.
Mixes comprised (by wt of aggregate) 9, 12, and 15 percent asphalt content
(60-70 penetration grade) and Ottawa sand (maximum size, No. 16) with
gradation corresponding to ASTM D 1663-59T. Mixes were aged at 77
(unaged), 140, and 225 F for 1 week. Specimens, 3.5 cm in diameter, 7 cm
high, were tested in creep and relaxation. Maximum creep strain was
limited to 1.2 percent and the relaxation strain was 1.4 percent. The rate
of creep generally showed a decrease with the increase in aging. With
higher asphalt content, the difference in the creep rates was less marked.
Maximum relaxation load increased with aging. Semilog relations were
developed showing the variation of mixture viscosity with degree of aging
and the relation of maximum relaxation load to degree of aging.
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ABSTRACT

The investigation was to obtain further information regarding the
reduction of specified mixing time requirements for hot bituminous concrete
mixtures. The report presents the results of tests on the percentage of
coarse particles coated, as determined by the Ross Count Method. Other
tests conducted included aggregate gradation and asphalt content to
determine mixture uniformity; and penetration or viscosity tests on
recovered asphalt to determine the degree of hardening of asphalt during
mixing. It was found that (1) batch plants should be evaluated individually
to establish minimum mixing times for specific mixtures, (2) for three-ton
capacity plants, aggregates in top and binder mixtures were adequately
distributed and coated with about 10 seconds dry-mixing and 25 seconds
wet-mixing, and for base course mixtures, 10 seconds dry-mixing and 35
seconds wet-mixing; (3) plants of larger capacity may require longer mixing
times; and (4) equipment in many batch plants would prevent a reduction in
mixing time below that needed for adequate coating and distribution.
Asphalt hardening occurred during the first 15 seconds of wet-mixing but no
additional hardening could be attributed to continued mixing. The report
includes new specification requirements which will permit reductions in
mixing time below a minimum of 15 seconds dry-mixing and 45 seconds
wet-mixing.
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ABSTRACT

A high type asphaltic concrete overlay of a badly deteriorated runway at
NAS Alameda, California, 1is being monitored to determine changes in
properties with time. Changes in the compressive strength of cores taken
from the pavement and changes in the penetration of the asphalt cement
binder taken from these cores during the first three years following
construction are presented. Though the data are somewhat scattered, it is
apparent that the compressive strength is increasing and the penetration is
decreasing. A prediction is made of values of these quentities expected
seven years after onstruction. Similar tests were made on cores and on
asphalt taken from the underlying pavement. No trends are apparent from
these data, indicating that the older pavement is in a terminal condition.
That is, it is not expected that substantial changes in the pavement
properties will take place in the future. (Author)
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ABSTRACT

A wide range of types and grades of roofing bitumen were subjected to
bulk heating, pressure oxidation, solar exposure, and water immersion
separately, and the resulting changes in rheological properties determined.
Particular attention was given to the use of a sliding plate
microviscometer and the means of overcoming the complexities of
non-Newtonian behavior and shear rupture to develop evaluations, oxidation
resistance and solar exposure resistance, involving initial viscosity, rate
of increase of viscosity and a critical viscosity at rupture. Results of
these tests are discussed in relation to the performance of the bitumens
when exposed outdoors for 2 years as model roofs with various surfacings
and evaluated by visual rating, microviscometry, and solvent analysis.
Agreement is good, and the advantage in durability by using as low a
softening point bitumen as possible is indicated, except for
aluminum-painted coatings.
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ABSTRACT

Since its introduction in 1903 the ductility test for asphalts has
been, and still 1is, controversial. Some asphalt technologists believe that
the test is an indication of a necessary property of asphalt related
somewhat to its adhesive properties or stickiness, while others consider
the present laboratory test for ductility of no value for indicating the
potential quality of an asphalt as a paving material. A review of the
literature offers support for both of these divergent views. These
contradictions suggest a need for a careful evaluation of the significance
of the ductility test and its relation to other properties of the asphalt
cement and a restudy of some of the available data to determine if there is
a satisfactory explanation for the opposing viewpoints. This report, which
is part of a general symposium on the properties of asphalt that affect
pavement performance, emphasizes the advantages of considering the
ductility-penetration relationship of an asphalt in evaluating the effect
of the asphalt characteristics on pavement performance. When available
data are analyzed on this bases, there is a strong indication that the
consistency at which the asphalt begins to lose ductility rapidly and the
temperature at which such consistency occurs is a significant relationship.
It is also indicated that for some asphalts this point occurs at a
sufficiently low penetration (or temperature) so that factors other than
ductility, as measured in the laboratory test, control pavement
performance. Hence, the conclusion is often reached that ductility is
unimportant.
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ABSTRACT :

Study showed only small differences in the road performance by seven
asphalts from Middle East, Mexican and Venezuelan crudes used on dolertite
or quartzite aggregates, although asphalts from one of the Middle East
sources had the best combination of properties. Stripping and binder
hardening were the major causes of failure of the quartzite and dolertite
road sections, respectively. A broad relationship was observed between
hardening and road performance. The original asphalts had different
hardening tendencies in the Accelerated Weathering and Thin-Film Oven
tests, the results of which correlated well with the relatively great
changes in penetration occurring during mixing and laying, and in the early
life of the road, After a year or so, penetration differences between the
weathered binders become small. The road hardening rates were similar in
all cases, and followed a hyperbolic equation.
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ABSTRACT :

A direct comparison based on carbonyl index, of the effects of
temperature and relative humidity on asphalts exposed in accelerated
weathering machines for a fixed period of time is not possible because the
oxidation rate of each asphalt varies with exposure time. The effect of
temperature and relative humidity on asphalt oxidation as a function of
exposure time showed that the rate of oxidation is dependent on both of
these environmental factors. However, the effect may be shown during the
induction period, in the slope of the oxidation-rate curve, or in the time
required to produce film failure due to cracking. In general, asphalt
durability varied inversely with the temperature and relative humidity,
respectively. It is proposed that the effect of temperature and humidity
on asphalt oxidation rates may be due to the formation and subsequent
decomposition of an asphalt-oxygen-water complex. The outdoor exposure
of a series of asphalts caused oxidation of about the same relative amount
as that obtained indoors by exposure to carbon-arc irradiation.
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ABSTRACT

Rheological measurements and accelerated weathering tests were made on

a number of coating-grade asphalts. Performance in the weathering test did

not correlate with viscosity, viscosity-temperature susceptibility, or

elastic modulus measured on the original material. However, there was

excellent correlation between weather resistance and the viscosity of the

maltene phase of the asphalt. Asphalts with maltenes of high viscosity

were most weather resistant. It is postulated that the rates of the

reactions involved in the hardening of an asphalt coating are largely

diffusion-controlled. A high-viscosity intermicellar liquid provides

greater hindrance to diffusion, slowing down the hardening process.
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ABSTRACT

This paper reports the study of approximately 60 mi of asphaltic
concrete pavement under actual traffic conditions. The pavements vary from
3 to 8 years of age and represent seven construction projects. Recovery of
the asphalt cement was accomplished by a simplified Abson method. Check
tests were made on this method to determine any effect it might have on
Arkansas asphalts. Density, asphalt content, and gradation of aggregate of
the pavements were determined. The asphalt cement recovered from the
pavements were subjected to penetration, ductility, softening point, and
ash content tests. In some cases the thin-film oven tests was also made.
Generally, the results indicate a rapid reduction in the ductility of the
asphalt with time. There is also a decided but less rapid reduction in the
penetration of the asphalt. Samples of the pavement were heated, remolded,
and tested by the Marshall method. Usually, the stabilities were quite
high.
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ABSTRACT

Oxidation rates for eight airblown asphalts were determined by
measuring the change in infra-red absorption at 5.88 v-mu with time of
exposure to the radiant energy of a carbon arc. While all the asphalts
oxidized at different rates, those from the same geographical areas had
similar rates; those from different areas varied considerably. The pattern
of oxidation was generally the same for each of the eight asphalts, in that
there was an induction period followed by a steady oxidation rate until
near the failure point, beyond which time the oxidation rate accelerated
until film failure as denoted by asphalt film cracking. An inverse
relationship was found between the rate of oxidation and the accelerated
weathering durability of each asphalt.
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ABSTRACT

Comprehensive data on physical characteristics of 119 specimens
representative of this grade of asphalt available in various regions of the
country were presented and discussed. The present paper is an attempt to
enlarge on the information made available by Welborn and Halstead by
providing data on chemical composition and changes of composition during
aging for the same asphalts. The 119 asphalts, investigated by Welborn and
Halstead, were analyzed at three states: (1) as received, (2) after mixing
with Ottawa sand, (3) after aging of the asphalt-Ottawa sand mixtures.
Abrasion resistance of the asphalt-Ottawa sand mixtures before and after
aging was used as an indication of quality and criterion for durabilirty.
The first part of the paper is devoted to explaining the fractional
chemical analysis used in defining asphalts and to demonstrating the
specific influence of the fractions on asphalt performance. The second
part of the paper demonstrates the value of complementing data for physical
characteristics of asphalts with those for chemical composition on the
asphalt specimens previously investigated by Welborn and Halstead. The
results obtained in the investigation and presented in the form of a
progress report reveal a significant trend for the relationship between
composition and performance of the asphalts, which relationship appears to
be valid for a wide variety of asphalts. The analytical method employed
holds promise as a means of predicting the performance of highway asphalts
from their chemical composition.
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ABSTRACT : .

The aging in the course of the years of asphaltic bitumen used in
bituminous construction has various causes. One of these, the action of
oxygen, is the subject of this publication, although in particular the
investigation relates to the rate and intensity of aging caused by the
action of oxygen under pressure and without the presence of light. The
chemical reactions involved, however, are not dealt with. The
investigations showed that of the various factors which could serve as the
most suitable basis for a quantitative examination of the phenomena of
aging, the penetration was preferable to the ring and ball softening point,
the ether asphaltenes content, of the increase of weight. In evaluating
the general results, attention is paid to the shape of the aging curves,
and an attempt is also made to explain what happens when the aging
procedure is interrupted and then resumed after remixing the batch. From
the study it has been inferred that asphalts may be prepared which are must
less liable to aging than normal ones of the same grade. The probability
of parallelism between natural and artificial aging has also been shown by
the results of some of the experiments. The experimental part of the
investigation consisted of keeping thin layers of various types of
asphaltic bitumen in oxygen at 60 C and 20 atm for a varying number of
days, and then measuring the changes in the penetration figure, the
softening point and other similar characteristics. In addition, several
practical experiments relating to the influence of the atmosphere were
carried out (natural aging). The materials used were asphaltic bitumens,
either as such or mixed with filler, oil or rubber. The results have shown
that the characteristics measured, such as the penetration figure and the
softening point, altered most quickly at the beginning of the experiments,
but that those changes, and therefore the aging rates of the asphaltic
bitumens, subsequently became slower and slower. Although the number of
available data relating to experiments with natural aging is fairly small,
it can be assumed that natural and artificial aging proceed in similar
ways.
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ABSTRACT :

Asphalt concrete mixes which can be scuffed and penetrated readily for
prolonged periods after construction are known as slow setting mixes.
Sometimes mixes which fail to compact properly because they shove easily
from under the roller are also known as slow setting. These problems are
caused mostly by the particular mix design, aggregate type and shape, and
rolling practice. These factors are discussed in a companion paper.
Sometimes when critical mixes are encountered, significant differences in
behavior are caused when fast or slow setting asphalts are used. This
paper examines the effect of a number of different types and grades of
paving asphalt. These are tried in good as well as critical mixes with
both rounded gravel and crushed granite at low and high filler levels. All
of these variables are examined under different kinds and degrees of
full-scale rolling. Extensive physical tests and analyses on the original
asphalts used are given. Inspections are also given on the asphalts
recovered from the experimental pavements, as well as on thin-film oven
residues. A casual relation is indicated between the viscosity and the
temperature susceptibility of residues after thin-film oven with the
setting rate of pavement toughness. Setting, to the extent controlled by
asphalt quality, is indicated to be dependent on how the asphalt components
interact with the different types of mineral surface in the mix. These
qualities do not appear to be well defined by any of the asphalt properties
reported. The varied response by the asphalts to type and amount of
mineral surface suggests that the amount of moisture on the min