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The asphalt mixture is comprised of approximately 95% by weight of aggregates and 5% by weight
of asphalt binder. Within the asphalt mixture, the asphalt binder is considered to have a significant
effect on the overall performance of asphalt pavement since it acts as an adhesive material. The
accurate determination of the properties of the asphalt binder and mixture is essential to analyze
the response and performance of the pavements. Various viscoelastic properties such as relaxation
modulus, creep compliance, complex modulus, and phase angle are commonly used to describe
the linear viscoelastic behavior of these materials. The mechanical response of the asphalt
materials will depend on the amplitude of stress or strain, the rate of loading and temperature.
Further, creep compliance and relaxation modulus cannot predict the nonlinear features of the
mechanical behavior of the material. Another fundamental properties such as relaxation spectra,
H(7), and retardation spectra, L(p), can be used to characterize the relaxation modulus and creep
compliance, respectively. Additionally, the relaxation modulus and creep compliance can be
derived from the relaxation spectra and retardation spectra, respectively. One of the two spectra,
i.e., relaxation or retardation spectra, is sufficient to describe linear viscoelasticity.

The continuous spectra are generally determined from the dynamic modulus tests, creep

and stress relaxation tests data. Within the dynamic modulus test data, the continuous relaxation



and retardation spectrum are determined from the storage modulus and storage compliance master
curve coefficients. Various functional forms and temperature shift factor techniques are used to
construct master curves of these viscoelastic properties. As a result, even a small difference at the
level of master curve construction will result in a substantial change in the developed continuous
spectra. This study explores the effect of various construction methodologies on the development
of continuous relaxation and retardation spectrum. Different combinations of both sigmoid
functions (symmetric and asymmetric) and temperature shift factor approaches (free shifting, WLF
equation, Arrhenius equation, and Kaelble equation) were used in this research. The present study
also evaluated the applicability of three functional forms (Generalized Exponential function,
Fraser Suzuki function, and Asymmetric Double sigmoidal function) to describe the continuous
spectra of asphalt binders. Based on the obtained results, it was found that both the sigmoid
functions (symmetric and asymmetric) coupled with the free shift approach resulted in the best
construction methodology adopted for determining the G’ and ]’ master curves. Further, both
sigmoid functions coupled with the Kaelble equation resulted in the least construction
methodology. Since the continuous spectra were developed using the G' and J' master curves,
this result will reflect on generating the accurate continuous spectra. Therefore, the sigmoid
functions in conjunction with the free shift approach can be considered as the best combination for
developing the best continuous spectrum of asphalt binders. Among the various fitted functional
forms, the asymmetric double sigmoidal function exhibited the best fit for describing the
continuous spectra of asphalt binders. The major findings from this objective helped to identify
the best construction methodology to obtain the continuous spectra.

This study further investigated on the continuous relaxation and retardation spectra

determined from the frequency and time domain tests. As mentioned above, the relaxation modulus
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and creep compliance values from the time-domain tests are used to establish the continuous
relaxation and retardation spectra. Since the time and frequency domain functions are interrelated,
the spectra obtained from these tests should be theoretically unique. However, both tests have
failed to generate an identical relaxation and retardation spectrum. This study attempted to develop
a new approach to determine the unique relaxation and retardation spectrum from frequency and
time domain tests. In this study, the continuous spectra of unmodified asphalt binder (VG-30),
modified asphalt (PMB-40), and asphalt mixture were determined using three approaches i) from
the frequency domain test, ii) from the time-domain test, and iii) through the interconversion
technique. The results indicated that the continuous relaxation and retardation spectra of all
samples determined using the three approaches within the traditional methods (frequency domain
test, time-domain test, and through interconversion technique) were completely different. This
observation was further confirmed with the help of the shape characteristics of the spectra. Using
the new approach, approximately the same relaxation and retardation spectra were determined for
all the materials (for all three approaches). However, these spectra exhibited certain evident minor
variations. These variations might be due to the fitting of the sigmoid function for experimental
data, the effect of master curve model parameters on the shape parameters of the spectra, variations
in the experimental data, and variations in the sample specimens.

This objective investigated the uncertainties and their sources associated with the
continuous spectra. In order to obtain the continuous spectra, several viscoelastic parameters,
including the complex modulus, phase angle, creep compliance, and relaxation modulus, are used,
and it is expected to exhibit a considerable level of scatter within the experimental data. Since
these parameters determine the spectra, this scatter will move towards the spectra. The scatter in

continuous spectra will differ depending on the degree of scatter in these viscoelastic properties.
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This study evaluated the uncertainty issues associated with the continuous relaxation and
retardation spectra of asphalt binders. Further, the effect of the three approaches (time-domain and
frequency domain tests, and through interconversion technique) and both sigmoid functions on
developing the spectra was also evaluated. This study used the complex modulus and phase angle
values from the frequency domain tests, the creep compliance and relaxation modulus values from
the time domain tests, and interconversion techniques to determine the continuous spectra. The
quantification of uncertainty in relaxation and retardation spectra revealed that the spectra derived
from the frequency domain and interconversion have higher uncertainty than the time domain test.
Further, less uncertainty was observed at intermediate relaxation/retardation times. Results also
indicated that the asymmetric sigmoid function resulted in higher uncertainty on developing

relaxation and retardation spectra.

This study explored how the aging and binder modification will affect the asphalt binder
properties using the continuous spectrum approach. Further, the study developed mathematical
expressions for the continuous relaxation and retardation spectrum using asymmetric sigmoid
function. The present study used three case studies covering a wide range of material responses
(with respect to the effect of the asphalt modifier and its dosage and aging) to show the efficacy of
the proposed methodology. The results indicated that the continuous spectrum approach could
capture the dosage effect reasonably. Significant changes in the peak of the spectrum were
observed with different dosages of the asphalt modifier. The use of a stiffening modifier (WP)
resulted in increased relaxation strength, while a viscosity-reducing modifier (WEO) resulted in
the opposite trend. With regard to the retardation spectrum, the exact opposite trend was observed.
Higher relaxation spectral strength values, broader relaxation spectrum, and horizontal shifts in

relaxation spectra were observed with aging. However, the exact opposite trend was observed with
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the retardation spectrum. These observations were confirmed with the shape parameters of the
relaxation and retardation spectra.

To understand the underlying mechanisms of asphalt binder, it is necessary to establish
relationship between the FTIR indices and SARA fractions to the spectral shape parameters. It will
be easier to comprehend the molecular changes in asphalt binders by relating the shape parameters
of spectra with the chemical properties of the material. This study attempted to establish a
relationship between the shape parameters of relaxation and retardation spectra with the chemical
properties (in terms of SARA fractions and functional groups) of asphalt binders under different
aging conditions. The results indicated that a linear function could describe the relationship
between the shape characteristics of both spectra and the FTIR indices. At the same time, there
was a poor correlation between the parameters when a logarithmic function was fitted to the peak
position and FTIR index plots. Overall, the best correlation was exhibited between the peak value
of both spectra and the FTIR indices. Linear, exponential, and logarithmic functions were used to
establish the relationship between the shape parameters and SARA fractions. Further, the best
correlation was exhibited between the spread of both spectra and the SARA fractions. Because of
the complexity of the established relationships, multivariate regression analysis was also used to
establish the correlation between the shape parameters of spectra and the chemical properties of
the asphalt binder. The results indicated that the regression analysis in relaxation spectra was more
statistically significant than the retardation spectra based on FTIR indices. Conversely, compared
to the retardation spectra regression analysis, the relaxation spectra showed higher statistical

significance in terms of SARA fractions.
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