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ABSTRACT:

Nonlinear viscoelastic behavior of bitumen has a determinant effect on the performance of asphalt roads suffering permanent
deformation due to traffic loads. Up to know, conventional rheological characterization of bituminous binders, such as the
time-temperature superposition (TTS) method, only addresses the linear response of this material without considering the
application of high strain amplitudes. The strain-rate frequency superposition (SRFS) is an analogous technique that can exper-
imentally determine the flow behavior from nonlinear oscillatory shear experiments. This method was originally applied to
soft materials in order to study the slow relaxation process of particular systems by shifting to higher frequencies the behavior
usually found at very low frequencies during conventional measurements. In this work, the feasibility of the SRFS method for
assessing the rheological properties of bituminous binders has been evaluated. Oscillatory shear measurements accomplished
at different constant shear strain ampliture rates (y, = wy,) and test temperatures allowed analysing the influence of the non-
linear behavior of unmodified and polymer modified bitumen on their viscoelastic responses. The results showed that dis-
placementsin the responses due to different strain rates were not so significant as to extend the frequency range further than
in conventional measurements. Differences in responses between both techniques were mainly observed for polymer modified
binders, especially to high strain amplitudes which usually involve nonlinear behaviour. In addition, master curves obtained
with constant strain rates, i.e. taking into account nonlinear response of the material, showed similar results to those con-
structed by using conventional methods with constant strain amplitude. From these results, a closer comprehension of the
large deformations generated in asphalt pavements can be achieved by studying the nonlinear viscoelastic properties of the
bituminous binder.
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1 INTRODUCTION

In fact, the rheological behavior of bitumen is directly
related to its chemical composition which may be

The mechanical response obtained in bituminous mate-
rials is considered as linear viscoelastic at low stress lev-
els and as nonlinear at high stresses. This performance
is reproduced in asphalt mixtures used in road struc-
tures subjected to traffic load [1]. The consequences of
such non-linearity for the performance of road surface
are quite significant since stress level represents axle
loadingandtestingtimerepresentstrafficspeedand/or
volume. This means that if axle loads increase, speed
decreases, and/or traffic volume increases, the binder
becomes less resistant to permanent deformation.
Different levels of deformations can be attained
dependingonthe composition of the bituminous binder.

defined by the so-called SARA fractions. Asphaltenes and
resins, i.e. the fractions with higher molecular weights,
provide the major part of the elastic behaviour, whereas
aromatics and saturates, namely the fractions with low
molecularweightandlow glasstransitiontemperatures,
arerelated totheviscous behaviour. It has been reported
that bitumen viscosity is strongly dependent on the
asphaltenes content as well as the maltenes viscosity [2].
Furthermore, several types of polymers have been used
as modifiersinordertoimprove the performance of bitu-
men by means a toughened binder matrix. As well as
composition, temperature is another important factor
that defines the mechanical properties of the bitumi-
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were carried out to determine the LVE strain limits for
different temperatures and frequencies. The linear
domain found for unmodified binders was wider than
for polymer modified binders. In general, consequence
of the increase of the bitumen stiffness, higher loading
frequenciesledtowider LVEdomains when considering
the strain rate effect. The same behavior was observed
by analysing the effect of the temperature reduction
which showed less influence on the variation of the LVE
limits.

The results obtained from the application of the
SRFS method to bituminous binders showed that,
although displacements to higher frequencies due to
different strain rates were obtained when applying
high strain rates, in our case, these were not significant
enough forextending the frequency range furtherthan
in conventional measurements. Moreover, some devi-
ations at high strain amplitudes were found. These
deviations were more significant for the storage mod-
ulus when the elastic behavior was not dominant (i.e.
at low loading frequencies). This effect related to non-
linearresponseswas mainly observed for polymer mod-
ified binders.

In addition, as the complex behavior of the bitu-
men as viscoelastic material is associated toa nonlinear
response at high strain amplitudes and this effect is not
considered when TTS method is used with the conven-
tional approach (constant strain amplitude within LVE
domain), the application of constant strain rates was
evaluated as alternative approach. Standard master
curves were built from the single curves at different
temperatures and constant strain rate (y, = 0.01 1/s).
The resulting master curves showed similar behaviorin
comparison tothose obtained at constant strain ampli-
tude. In this case, the advantage of this new approach
by constant strainratesisthat higher strainamplitudes
related to nonlinear responses are involved in the
analysis. Knowing that this effectisanimportant factor
in bituminous binders, which is reproduced at large
scale in the asphalt roads, a further study of the appli-
cation of the constant strain rate approach at higher
temperatures is strongly recommended.
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