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Abstract:
Bitumen is undoubtedly the most important material in the construction and rehabilitation of flexible road pave-
ments. By increasing the temperature, bitumen changes from brittle solid, to viscoelastic solid and finally to
Newtonian fluid. The rheological characteristics of bitumen also vary greatly due to aging, which is a phenom-
enon initiated in the phases of production and application of bituminous (asphalt) mixtures and continued dur-
ing the life of road pavements. The aim of this work is to study several rheological parameters in order to eval-
uate if they are able to quantify the aging of various types of bitumens. Four bitumens from the same distillation
column in the refinery, but with different penetration grades, were aged by using the RTFOT method, which sim-
ulates the aging of the bitumen during the asphalt mixture production and pavement construction. The origi-
nal (base) and aged bitumens were characterized with conventional tests used in the paving industry, and the
results were compared with the rheological characteristics obtained with small amplitude oscillatory shear tests.
Aging was assessed at high temperatures (110 to 180°C) through the activation energy computed from the tem-
perature dependence of the Newtonian viscosity. However, the comparison of the characteristic relaxation times
extracted from master curves measured at medium/low temperatures (between 25 to 80ºC), proved to be the
most sensitive indicator of bitumen aging.

Zusammenfassung:
Asphalt ist unzweifelhaft das wichtigste Material bei der Konstruktion und Ausbesserung von flexiblen Stra-
ßenbelag. Durch Temperaturerhöhung geht Asphalt von einem spröden Festkörper, zu einem viskoelastischen
Festkörper und schließlich zu einer Newtonschen Flüssigkeit über. Darüber hinaus verändern sich die rheologi-
schen Eigenschaften von Aphalt durch Alterung. Dieses Phänomen wird während der Herstellung und Anwen-
dung der Asphaltmischungen initiiert und setzt sich danach fort. Das Ziel dieser Arbeit ist, verschiedene rheo-
logische Parameter zu untersuchen und ihre Eignung zur Charakterisierung des Alterungsverhalten von Asphalt
zu evaluieren. Vier Asphaltmischungen aus derselben Destillationskolonne einer Raffinerie mit unterschiedli-
chen Eindringwerten wurden mit Hilfe der RTFOT-Methode gealtert. Diese Methode simuliert die Alterung von
Aphalt während der Herstellung der Asphaltmischungen und des Straßenbelags. Der Ausgangs- und der geal-
terte Asphalt wurden mit den üblichen industriellen Versuchen getestet und ihre Resultate mit den Ergebnis-
sen von linear-viskoelastischen Scheroszillationen verglichen. Das Alterungsverhalten wurde bei hohen Tem-
peraturen (110°C bis 180°C) durch die Aktivierungsenergie ermittelt, die aus der Temperaturabhängigkeit der
Newtonschen Viskosität bestimmt wurde. Es zeigte sich jedoch, dass der Vergleich der charakteristischen Rela-
xationszeiten, die aus den gemessenen Masterkurven bei niedrigen und mittleren Temperaturen (zwischen 25°C
und 80°C) erhalten wurden, der beste Indikator für die Alterung von Asphalt ist.

Résumé:
Le bitume est sans aucun doute le matériau le plus important pour la réhabilitation et la construction de revê-
tements routiers flexibles. En chauffant, le bitume passe d’un comportement de solide cassant, à celui d’un soli-
de viscoélastique et finalement à celui d’un fluide Newtonien. Les caractéristiques rhéologiques du bitume
varient grandement avec le vieillissement, qui est un phénomène initié dans les phases de production et d’ap-
plication des mélanges bitumineux (asphalte), et qui continue durant la vie du revêtement routier. Le but de ce
travail est d’étudier les paramètres rhéologiques du bitume qui sont les plus sensibles au vieillissement. Quatre
bitumes provenant de la même colonne de distillation mais possédant des grades différents, ont été vieillis au
moyen de la méthode RTFOT qui simule le vieillissement du bitume lors de la production du mélange d’asphal-
te et lors de la construction du revêtement. Les bitumes originaux (base) et âgés ont été caractérisés à l’aide de
tests conventionnels utilisés dans l’industrie, et les résultats ont été comparés avec les caractéristiques rhéolo-
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indexes listed in Table 5 both suggest that the index
proposed here performs better in quantifying bitu-
men aging. What will be the reason for this?

The characteristics of a viscoelastic liquid
material change with the frequency at which a
load is applied. Under a load applied at high fre-
quencies it behaves as a solid, while at low fre-
quencies it may behave as a liquid. A simple exam-
ple of this viscoelastic behaviour is the Maxwell
model [23]. When the penetration test is per-
formed in a bitumen sample, a load (100 g) is
applied during a pre-defined period of time (5 s).
Consequently, the sample is submitted to a load
applied at an equivalent frequency of 0.2 Hz which
will capture the material’s mechanical intrinsic
property at this frequency, provided that linear
mechanical excitation, namely small load, is
respected. Alternatively, the applied load may
result in a non linear mechanical response which
will turn any experimental comparison between
bitumens a more complex task than simply com-
puting an index from a mechanical response.
Regarding the ring and ball test, the deformation
of the sample also occurs under stress controlled
conditions (the weight of the sphere), and this is
obviously performed in the non linear regime
since a total strain of 25 mm / 4.4 mm (disk thick-
ness) occurs during the test. In addition, both tests
involve a combination of shear and elongational
deformations, which contrast with the simple
shear field of rotational rheometry (SAOS), thus
justifying the higher errors of these empirical
tests.

On the other hand, the use of the relaxation
times to quantify the aging phenomenon is fully
justified and coherent, since this parameter is
clearly related to the changes in the colloidal struc-
ture of bitumen and stability of asphaltenes,
which depends directly on bitumen aging [15]. Lu
and Isacsson [11] used traditional, rheological and
chemical indexes to quantify bitumen aging and
obtained different values, although the bitumen
hardening mirrored in the increase in mechanical
properties was the result of the chemical changes
induced by aging. Hence, the aging susceptibility
of bitumen may be ranked differently when dif-
ferent evaluation methods are used. The same
range of values were approximately obtained
when comparing the values of the ratios of the dif-
ferent parameters studied in this work, for a wide
range of temperatures, with a previous rheologi-
cal study on bitumen aging [11]. The aging index,

proposed in that study (based in other rheological
and empirical parameters [11]), was usually lower
than 2. Thus, the present results indicate that the
aging index based on the relaxation times
observed in the master curves (after and before
aging) is the most sensitive parameter to quanti-
fy bitumen aging, since the computed values
exceed the ratio of 5 (Table 1).

Finally, the parameters that should be used
to quantify aging must be based on the mechan-
ical dependence rather than on the thermal
dependence of any viscoelastic function, since the
objective of the aging study is to determine the
behaviour of the bituminous mixtures in the pave-
ment. Actually, bituminous mixtures applied in
road pavements are subjected to significantly
larger ranges of applied loads and frequencies
than to temperature variations, and generally vis-
coelastic parameters have low sensitivity to ther-
mal variations.

4 CONCLUSIONS
Any study of bitumen composition and behaviour
is a very complex task, since bitumen varies sig-
nificantly according to its origin and processing of
the crude oil. Therefore, the results presented
above may not be applicable to all paving grade
bitumens. As such, the present study should be
applied to a wider set of bitumens (especially
materials for which TTS is not valid) as to definitely
claim about the usefulness of the proposed aging
index. The chemical analysis of bitumens used
here before and after aging is also under way, in
order to seek for correlations between the pro-
posed aging index and the asphaltene content or,
to a larger extent, between the aging index and
variations in the content of saturates, aromatics,
resins and asphaltenes. Such analysis will help
rationalizing the efficiency of the aging index. The
main conclusions drawn from this study are the
following: 
� For the bitumen studied in the temperature

ranges tested, it was found that the Arrhenius
equation is the one that best describes the ther-
mal dependence of rheological functions, both
at service temperatures, using shift factors, aT,
and at production and application tempera-
tures, using the zero shear viscosity, h0.

� The changes in the temperature dependence of
the rheology of bitumen after aging, measured
by comparing the activation energy, Ea, values of
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the studied bitumens (determined by analysis of
h0), before and after aging, were significant.
However, these changes were quantitatively
very similar for all tested bitumen (both aged
and base). As such, using the thermal depen-
dence of any viscoelastic function will not be an
efficient method to quantify the aging. 

� The most significant changes in the rheological
behaviour due to aging were observed when
comparing the relaxation times, t, obtained
from master curves of bitumen before and after
aging, at service temperatures.

� The aging index assessed by the relaxation
times is also more effective than the indexes
obtained through the empirical tests (penetra-
tion, ring and ball and apparent viscosity) typi-
cally used by the road paving industry to char-
acterize bitumen aging.

� Data taken from the literature and encom-
passing bitumens from a different origin, also
show the same trend, namely that the pro-
posed index for aging is effective in quantify-
ing and discriminating betweens bitumens
(see Table1). We note here that the aging index
was computed at a single temperature (25ºC),
without relying on TTS. 
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