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Abstract: The addition of polymers on asphalt binders
aims to enhance their performance, especially at high tem-
peratures, which correspond to rutting resistance. The Su-
perpave rutting parameter (|G*|/sinδ) has been considered
to be inadequate to characterize the performance of mod-
ified materials, therefore the Multiple Stress Creep and
Recovery (MSCR) test was developed, providing the pa-
rameter non-recoverable compliance (Jnr). This research
has the main objective of correlating asphalt binders
performance-based characterization with rutting resis-
tance of asphalt mixtures, and presents results obtained
for one conventional (50/70 penetration grade) and two
modified asphalt binders (2.1% RET and 1.9% RET) regard-
ing their rheological characteristics. With the use of the
dynamic shear rheometer (DSR), master curves and MSCR
results were obtained for the three binders. In addition,
permanent deformation tests were performed on the as-
phalt mixtures by means of laboratory traffic simulation.
The rutting characterization indicated higher permanent
deformation resistance for themodified binders for the as-
phalt binder and the asphalt mixture testing. The main
conclusions were that the use of modified binder reduced
in approximately 50% the Jnr values and the rut depth;
also, the asphalt binders’ characteristics were able to pre-
dict the asphalt mixtures rutting resistance.

Keywords: asphalt binder; asphalt mixture; permanent
deformation; MSCR test; traffic simulation

*Corresponding Author: Iuri S. Bessa: Universidade de São Paulo
(USP) Escola Politécnica Laboratório de Tecnologia de Pavimen-
tação (LTP) Av. Prof. Almeida Prado, Travessa 2, No. 83 Cidade
Universitária, São Paulo, SP, Brazil Zip Code: 05508-070, E-mail:
iuribessa@usp.br
Márcia M. Takahashi: Universidade de São Paulo (USP) Escola
Politécnica Laboratório de Tecnologia de Pavimentação (LTP) Av.
Prof. Almeida Prado, Travessa 2, No. 83 Cidade Universitária, São
Paulo, SP, Brazil Zip Code: 05508-070,
E-mail: marcia.takahashi@usp.br
Kamilla L. Vasconcelos: Universidade de São Paulo (USP) Es-
cola Politécnica Laboratório de Tecnologia de Pavimentação
(LTP) Av. Prof. Almeida Prado, Travessa 2, No. 83 Cidade Uni-

1 Introduction
The characterization of asphalt binders has been the scope
of several researches especially in the past few years, due
to the increasing use of modified materials in asphalt mix-
tures production. In the beginning of the 1990s, the Strate-
gic Highway Research Program (SHRP) developed design
projects and specifications to provide a new methodology
for selection of asphalt binders in terms of their chemical
and physical properties by addressing how these proper-
ties affect the performance of asphalt pavement structures.
Before the development of SHRP, there were several em-
pirical specification tests used for asphalt binder charac-
terization but they were not capable of properly address-
ing performance-related properties of these materials and
could not describe or predict in-field performance of as-
phalt pavements [1]. Also, the empirical characterization
could not truly differentiate the behavior of modified as-
phalt binders from neat binders [2].

The original Superpave asphalt binder specification
developed by the SHRP considers the parameter |G*|/sinδ
to characterize and specify asphalt binders according to its
rutting resistance at high pavement temperatures [1]. This
parameter was introduced to the Superpave specifications
based on good correlations with rut depth (after 1,000 cy-
cles) values of seven different asphalt binders, including
one modified material [1]. The loading frequency for the
acquisition of the parameter is 10 rad/s, which according
to SHRP corresponds to 0.1 s in a sinusoidal loading and
represents an average speed of a truck tire of 80 km/h [3].

The current Superpave specification for asphalt
binders is based on the Performance Grade (PG) of the
material tested, which corresponds to the minimum and
maximum temperatures to which the material can be
submitted in the field. Currently, AASHTO M 320 (2015)
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requires a minimum value of 1.00 kPa for |G*|/sinδ for
unaged specimens at the average 7-day high maximum
pavement design temperature. For short-term aged
specimens (rolling thin film oven test, RTFOT, ASTM D
2872, 2012), there are two standards that can be taken
into consideration. For the conventional characteriza-
tion (AASHTO M 320, 2015), the Superpave parameter
|G*|/sinδ should be a minimum value of 2.2 kPa. The
other standard considered for PG purposes (AASHTO M
332, 2014) requires maximum values for the parameter Jnr
(non-recoverable creep compliance) and for %R (percent
recovery), which depend on the traffic loading to which
the asphalt binder will be designed. This parameter is ob-
tained by means of the multiple stress creep and recovery
(MSCR) test, which was developed by D’Angelo et al. [4]
and has been widely investigated by several researchers
in the past years in terms of testing geometry, number of
cycles, time of creep, time of recovery, stress sensitivity
parameter, and loading magnitude.

Motamed and Bahia [5] concluded that changing the
testing geometry to cone and plate might lead to true rut-
ting behavior in comparison to parallel plate. Golalipour et
al. [6] suggested the increase of number of cycles per stress
to 20, because 10 cycles might not be sufficient to reach a
steady-state creep behavior for modified asphalt binders.
Kataware and Singh [7] tested different times of creep
and recovery and concluded that increasing the creep pe-
riod has more effect than increasing the recovery period.
Merusi [8] found similar results for most of the materials
tested. Domingos and Faxina [9] performed the MSCR test
with creep and recovery times of 2 and 18 s, instead of
the conventional 1/9 s and found lower rutting resistance,
which also led to changing the acceptable traffic level for
some asphalt binders tested. Elnasri et al. [10] consider
that there should be a 5-minute rest period between the
different stress levels loadings in order to provide a proper
recovery of the asphalt binder during the test.

In terms of stress sensitivity, Stempihar et al. [11] con-
sidered that the current parameter used in the MSCR test
penalizes asphalt binderswith lowvalues of Jnr; therefore,
these authors proposed an alternate parameter that could
represent this characteristic more properly. Delgadillo et
al. [12] concluded that different temperatures lead to dif-
ferent levels of stress sensitivity. In terms of stress levels,
D’Angelo [13] proposed correlations between rutting and
Jnr values measured at different loading magnitudes and
concluded that at 3.2kPa the results can be well-correlated
to field. Golalipour [14] proposed higher stress levels in or-
der to differentiate better the behavior of asphalt binders
with different polymer-modification. Wasage et al. [15]
found that increasing the stress levels up to 10,000Pa

might lead to changes in Jnr values only for modified as-
phalt binders, while Saboo and Jumar [16] found thatmod-
ifiedmaterials have different sensitivity to the stress levels
applied depending on the type of polymer used for modi-
fication.

The objective of the present research paper is to com-
pare the rheological characterization of neat andmodified
asphalt binders with the rutting behavior of asphalt mix-
tures constituted by these materials. For the binder char-
acterization, the linear viscoelastic properties, the Super-
pave rutting parameter (|G*|/sinδ), and the MSCR test re-
sults (Jnr and %R) were obtained. Furthermore, asphalt
mixtures specimens were produced with the same asphalt
binders previously tested, and the wheel-tracking test was
performed to analyze rut depth.

2 Literature Review
The selection of the type and quality of an asphalt binder
to be used in the design of highway structures depends
mostly on the pavement temperature and traffic level. De-
spite having a lower effect on the rutting resistance of as-
phaltmixtures in comparison to the aggregates, goodqual-
ity asphalt binders enhance the performance of asphalt
mixtures, especially for high traffic highways [17–25].

The use of neat asphalt binders has been an issue
for the pavement engineering market due to the con-
stant increase of traffic levels, the occurrence of larger
and heavier trucks, and the increasing tire pressure, all
of which decrease the service life of asphalt pavement
surface mixtures. The performance of asphalt pavements
is also greatly affected by the temperature in which they
are constructed and which it operates, due to the asphalt
binders’ viscoelastic properties. The viscosity can be af-
fected by high temperatures, resulting in a weaker mate-
rial, which negatively affects the resistance to permanent
deformation.

The modification of asphalt binder [18, 26–31] has
become one of the best solutions to enhance the rheo-
logical characteristics of asphalt mixtures, especially for
high temperature environments where rutting resistance
is more affected. Polymer modification tends to reduce
temperature susceptibility. It also increases the stiffness
at high temperatures and decreases stiffness at low tem-
peratures, reducing rutting and fatigue cracking, respec-
tively [32]. The modification might also increase the in-
terface interaction between the binder and mineral filler,
which might affect the asphalt mixtures performance in
terms of rutting resistance. Guo and Tan [33] tested four
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types of mineral fillers and two asphalt binders and con-
cluded that the binder-filler interaction degree increases
with higher surface area values and more polar compo-
nents of the asphalt binder, enhancing the rutting behav-
ior of asphalt mixtures.

There are several types of polymers that can be used
for asphalt binder modification, and they can be divided
into three main categories [34]: thermoplastic elastomers,
plastomers, and reactive polymers. Despite all providing
better resistance to the distresses found in asphalt pave-
ments, there are differences among them. Reactive poly-
mers, e.g., Evaloy, tend to have better storage stability in
comparison to the other modifiers, e.g., SBS [35, 36]. Bu-
latovic et al. [37] stated that this occurs due to the forma-
tion of chemical bond between the polymer and the as-
phaltenes from the asphalt binder, which prevents phase
separation.

Yildirim [38] did a literature review on the use of
polymer-modified asphalt binders and concluded that dif-
ferent types of asphalt modification might lead to differ-
ent responses to the main distresses. SBS-modified (non-
reactive) asphalt binders tend to perform better than neat
binders especially in low temperatures, while Elvaloy-
modified (reactive) asphalt binders increase the perfor-
mance in high temperatures. Wang et al. [39] studied one
neat and one SBS-modified asphalt binder with 4.5% poly-
mer in terms of the MSCR test using the same temperature
(60∘C) for both materials, and obtained a Jnr value lower
than 50% for the SBS-modified material in comparison to
the non-modified binder. Huang and Tang [40] character-
ized asphalt binders with different contents of SBS modi-
fier. Jnr values decreased with the addition of SBS from 4.5
to 5.0% but did not change significantly when the content
was increased to 5.5%.

Blazejowski and Dolzycki [41] tested three different
types of asphalt mixes – conventional asphalt concrete,
high modulus asphalt concrete and stone mix asphalt
(SMA) – for rutting resistance and compared the results
to MSCR tests performed on the asphalt binders used in
these mixtures. The correlation parameter (R2) was very
high for the typical asphalt concrete, but low for the SMA,
which might be explained by the great influence that the
SMA’s aggregate skeleton has on its rutting resistance [42].
The use of modified binders enhances the performance of
asphalt mixtures by reducing the non-recoverable creep
compliance values and increasing the percent recovery,
which indicates improvement of high temperature stabil-
ity and elasticity [40, 43].

Different tests and parameters have been used to ob-
tain the rutting performance of asphalt mixtures through
the characterization of the asphalt binder. Sybilski [44]

used the concept of zero-shear viscosity of asphalt binders
and found a fair correlation with results of. Wang and
Zang [45] characterized neat and SBS-modified binders in
terms of their non-recoverable response based on the pa-
rameter |G*|/[1-(1/tanδsinδ)] and concluded that this pa-
rameter predicts the rutting resistance better than the Su-
perpave parameter |G*|/sinδ.

The Federal Highway Administration (FHWA) per-
formed accelerated tests in a real pavement section, com-
pared the results to |G*|/sinδ values, and stated that
the Superpave binder parameter is not able to reflect
the effects that mix composition aggregate properties
have on pavement performance [3]. In the past decade,
D’Angelo [13] has proposed the MSCR test which uses the
non-recoverable creep compliance (Jnr) and the percent
recovery (%R) to evaluate asphalt binders’ high tempera-
ture characteristics. It has been shown that this test pro-
vides better correlation to asphalt mixes’ rutting perfor-
mance than the traditional Superpave criteria.

Several authors have tried to correlate the rutting re-
sistance of asphalt mixtures to the binder characterization
data [46, 47]. Domingos et al. [48] found a good correla-
tion between Jnr values and the rutting resistance of as-
phalt mixtures with varying asphalt binders but same ag-
gregate structure of in terms of flow number (FN) results
and also concluded that the ranking for these materials
was the same for both scales. Differently, Bastos et al. [49]
did not find a good correlation between these two param-
eters (Jnr and FN) for asphalt mixes with different aggre-
gate gradation and internal structure. Jnr results also did
not provide a good indicative of field performance in test
sections studied by those authors.

3 Laboratory Study

3.1 Materials and methods

Three different asphalt cements (AC) were studied in
this research: one neat 50/70 penetration grade asphalt
binder (AC1); one polymer-modified asphalt binder with
2.1% of reactive elastomeric terpolymer Elvaloy® RET
4170 and 0.18% of polyphosphoric acid 116 (AC2); and
another polymer-modified binder with 1.9% of terpoly-
mer Elvaloy® RET 5170 and 0.18% of polyphospho-
ric acid 116 (AC3). Elvaloy® RET 4170 is an EnBAGMA
(ethylene n-butyl acrylate/glycidyl methacrylate) terpoly-
mer and Elvaloy® RET 5170 is an EEGMA (ethylene es-
ter/glycidyl methacrylate) terpolymer. The two modified
asphalt binders were produced after the modification of
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the same AC 50/70 studied in the present research. Rhe-
ological tests were performed on each material using the
dynamic shear rheometer (DSR) and asphaltmixtures con-
stituted by these three binders were compacted and tested
in terms of rutting resistance on the Laboratoire Central
des Ponts et Chaussées (LCPC) wheel-track testing equip-
ment (EN 12697-22, 2003). The asphalt mixtures were com-
posed by a blend of basaltic aggregates collected from a
quarry in the State of São Paulo (Brazil) with the addition
of hydrated lime (1.5%) and 5.0% binder content. Figure 1
presents the aggregate size distribution of the three mix-
tures.

Figure 1: Aggregate size distribution

The characterization of the asphalt binders was done
in order to provide the linear viscoelastic properties of the
materials, which might be considered in design simula-
tions for field performance prediction. The parameter Jnr
was obtained by means of the MSCR test and it might be
used for classification purposes and comparison between
different materials, being also a powerful tool for rutting
resistance prediction. In relation to the asphalt mixtures,
the rutting resistance test normally validates an asphalt
mixture to be used on an asphalt pavement roadway, by
limiting the maximum percentage of deformation.

3.2 Master curves

The linear viscoelastic behavior of the asphalt materials
indicates that their properties are dependent of loading
frequencyand temperature.Dynamic shearmodulus (|G*|)
master curves of the three binders studied were plotted af-
ter the frequency-temperature sweep test. The tests were
performed in three specimens for each binder, and they
were all tested in their unaged and short-term aged con-
ditions. The results were obtained after a frequency sweep
(from 1 to 100 rad/s) at different temperatures with 0.01%
of strain amplitude. For theneatAC, the temperature range
was 46 to 76∘C with increments of 6∘C. For the modified

materials, the temperature of 82∘C was also included, be-
cause these materials are capable of bearing higher tem-
peratures than the neat binders. The master curves, using
52∘C as reference, are presented in Figure 2. The authors
observed that therewas no significant variation among the
different specimens (a total of two) of the same binder, in-
dicating that the test did not present variability and that
average values are a good representation of each binder
tested.

Figure 2:Master curves of: (a) dynamic shear modulus, |G*| and (b)
phase angle, δ

The master curves are used to analyze the behavior of
the materials studied at different temperatures and load-
ing frequencies, which are related to the variation of field
conditions. At low frequencies, equivalent to high temper-
atures for viscoelasticmaterials, the neat binder presented
lower values of |G*| if compared to the values of the modi-
fied binders. This could be an indication that the modified
materials are more likely to have better rutting resistance,
because asphalt mixtures with high stiffness tend to resist
more to traffic loads. At high frequencies, equivalent to low
temperatures, the three materials had similar behavior. A
comparison between the two modified binders shows that
both materials behave almost equally in relation to |G*|
values at any frequency or any temperature conditions. Re-
garding the aging processes, the asphalt binders were also
characterized in terms of their master curves after the use
of RTFOT, and the results had the same trends as found for
the unaged specimens.
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3.3 Superpave rutting parameter (|G*|/sinδ)

The dynamic shear modulus (|G*|) and the phase angle
(δ) of the binders were obtained through oscillatory tests
run in the DSR according to ASTM D 7175 (2008). The tests
were performed within a range of six different tempera-
tures at the frequency of 10rad/s. Figure 3 presents the av-
erage results from three specimens of the Superpave pa-
rameter |G*|/sinδ for unaged and aged specimens (using
RTFOT). The standard deviation values found between the
three specimens for each temperature are plotted as error
bars; however, these results are too low for most cases an-
alyzed.

Figure 3: Superpave rutting parameter: (a) unaged and (b) RTFOT-
aged specimens

Themodified binders have similar behavior in relation
to the Superpave parameter analyzed at each testing tem-
perature (at the frequency of 10 rad/s). The neat binder
presented lower values for both aging conditions. Accord-
ing to the Superpave specification, the minimum value for
|G*|/sinδ should be 1.0 kPa for unaged specimens, i.e.,
the neat binder might have an adequate behavior for per-
manent deformation until approximately 68∘C, while the
modified binders might present a good resistance for this
distress until approximately 80∘C. This indicates that the
addition of reactive polymer enhanced the rutting resis-
tanceof bothmodifiedmaterials. For the aged samples, the
traditional Superpave specification indicates a minimum
value of 2.2 kPa. The neat binder presents a good behavior
up to approximately 68∘C, with the modified binders up
to 78∘C. In terms of thermal susceptibility, both modified

binder presented smaller slopes as the testing temperature
increased, indicating better behavior.

3.4 Multiple stress creep and recovery
(MSCR) test

TheMSCR test is included as part of the current Superpave
specification (AASHTO M 332, 2014) and evaluates three
major parameters: the percent recovery (%R), the non-
recoverable creep compliance (Jnr), and the stress sensi-
tivity (Jnrdi� ) of the asphalt binders. The test consists in
the application of creep and recovery periods for 1s and
9 s, respectively, under two different stress levels (100 and
3,200 Pa). The AC specimens were tested after short-term
aging (RTFOT), which is described by ASTM D 2872 (2012).
Figure 4 presents the evolution of the strain for both stress
levels during the test. Only one cycle of 10s is represented
in the graphs. The asphalt binderswere tested at three tem-
peratures (64, 70, and 76∘C), and the results for Jnr and
Jnrdi� are shown in Figure 5. Each result represents aver-
age values from three replicates, and the error bars corre-
spond to one standard deviation from the mean value.

Figure 4:MSCR test results: (a) stress of 100 Pa and (b) stress of
3,200 Pa

As expected, the neat asphalt binder has higher val-
ues of Jnr for all the temperatures tested. The compari-
son between the two modified binders indicates that AC3
has a better rutting resistance, with Jnr values 25% lower
than the ones obtained for the AC2 in all three tempera-
tures. The Jnrdi� parameter was lower than the specifica-
tion limit of 75%, although this limit is under discussion
on the technical community. Therefore, thematerials stud-
ied couldbeused in asphaltmixtures regarding their stress
sensitivity response.

The Jnr values for the different materials tested were
chosen according to the maximum temperature obtained
for the |G*|/senδ results previously presented. Considering
the temperature range provided by the PG specification,
the respective values for the neat and themodified binders
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Figure 5:MSCR results at three different temperatures: (a) Jnr at
3.2 kPa and (b) Jnrdi�

were 64 and 76∘C, respectively. Figure 6 presents the re-
sults (average values from three replicates at each condi-
tion) of Jnr and%R for both stress levels applied during the
test. In general, the%R values have inversely proportional
correlation with the Jnr values, i.e., as the %R increases,
the Jnr decreases.

Figure 6:MSCR parameters at the PG temperatures: (a) Jnr and (b)
%R

The modification of the neat asphalt binder by reac-
tive polymers decreased the values of Jnr in at least 50% of
the original value (note that the testing temperature was
different for the modified binders). Both modified binders
presented similar results, but AC3 resulted in even lower
values of non-recoverable compliance, which might indi-
cate that this binder tends to have lower permanent de-
formation than AC2. A Student’s t-test was done to evalu-
ate if the Jnr values for the two modified asphalt binders
were statistically similar, and the results obtained indi-
cated that they are different (for a significance level of 5%).

AASHTO M 332 (2014) provides a classification for the
asphalt binders that includes the maximum limit values
for Jnr according to different traffic loads: standard (S),
heavy (H), very heavy (V) and extreme (E), which is based
on the number of AASHTO’s accumulated equivalent sin-
gle axle loads (ESALs) passing on the asphalt pavement
during its life. Table 1 presents these limit values.

According to the specification, the neat binder could
only be used for standard traffic (PG 64S-XX). As for the
modified binders, AC2 could be used for heavy traffic (PG
76H-XX) and AC3 could be used for very heavy traffic (PG
76V-XX).

The MSCR test has some advantages in compari-
son to the traditional Superpave parameter (|G*|/senδ).
It provides the possibility of evaluating the dependency
of polymer-modified binders in relation to stress levels,
which is not possible with the traditional test because the
latter is performed at the linear viscoelastic (LVE) region
of the asphalt binder. Besides that, previous studies [47–
52] indicated that the Jnr value has provided better correla-
tion to the permanent deformation of field and laboratory
asphalt mixtures in relation to the correlations done with
the parameter |G*|/senδ.

3.5 Laboratory traflc simulation

After the characterization of the asphalt binders, the
present research performed a study on the asphalt mix-
tures. Two specimens of asphalt concrete slabs for each
asphalt mixture was produced win the French roller com-
pactor (EN 12697-33, 2003). These specimens were then
subjected to the permanent deformation test performed by
the French wheel tracking traffic simulator (EN 12697-22,
2003). The mixing and compaction temperatures were 153
and 140∘C for the mixture constituted by the neat binder,
respectively; and 165 and 155∘C for the modified binders,
respectively. For the preparation of the slabs, a pugmill
mixer was used to blend the materials, simulating filed
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Table 1: Traflc level according to Jnr (AASHTO M 332, 2014)

Traflc level
Number of ESALs and

traflc speed
Maximum value of Jnr at

3.2kPa (kPa−1)
Maximum value of

Jnrdi� (%)
Standard (S) < 10×106 and > 70 km/h 4.5 75.0

Heavy (H) 10×106 – 30×106 or
20 – 70km/h

2.0 75.0

Very heavy (V) > 30×106 or < 20 km/h 1.0 75.0
Extreme (E) > 30×106 and < 20 km/h 0.5 75.0

mixing conditions. After the mixing process, the asphalt
mixes were kept in the oven for a period of 2h at the com-
paction temperature to simulate the time between themix-
ing and placement of the mixtures in the field.

The slab specimenswere prepared by the LCPC French
slab compactor, in which the asphalt mix was compacted
by roller compactor (similar to real field compaction) af-
ter a sequence of passing of standard tires with pressure
varying from0.3 to 0.6MPa. The rutting resistance test was
performed by the LCPC traffic simulator. For eachmix, two
50mm-thick, 180mm-width and 500mm-length slab spec-
imenswere tested. The test was done at the temperature of
60∘C and consists in applying a load of 5kN to each sam-
ple at a frequency of 1.0 Hz. After 100, 300, 1,000, 3,000,
10,000 and 30,000 cycles, the rut depth was measured in
each sample. In terms of recommended limits for rutting,
in Brazil, a maximum value of 5% of rutting after 30,000
cycles is normally considered for use of the asphalt mix-
ture in heavy traffic roads [53]. Figure 7 presents the aver-
age results obtained for all the three mixtures produced in
terms of rut depth. For each mixture, two slab specimens
were submitted to traffic simulation.

Figure 7: Rut depth results

The conventionalmixture producedby theneat binder
had the worst behavior in terms of rutting (5.3% after
30,000 cycles). In relation to the mixtures using the modi-
fiedbinders, the rut depth valueswere very similar (2.7%at
the end of the test), indicating the both mixtures have the

Figure 8: Air voids contents

same permanent deformation resistance behavior. It is im-
portant to note that the mix design of all three mixes was
the same (same gradation and same AC content). The air
voids content of the asphalt mixtures were measured from
one specimen of each asphalt mixture (Figure 8) to eval-
uate the influence of this parameter on the results of rut
depth, considering that the same binder content was used
for the three mixtures. The results show that the modified
asphalt mixtures performed were not influenced by their
air voids content, but these values were very similar for
both those mixtures. The unmodified asphalt mixture pre-
sented higher values of rut depth despite having lower air
voids content.

Correlations between rut depth and |G*|/sinδ values
(Figure 9a), and rut depth and Jnr values (Figure 9b) are
provided. There is good linear correlation with the lat-
ter (R2 value of approximately 0.95), although the authors
are aware that more data should be provided in further
research. One of the main reasons for the good indica-
tion of rutting resistance provided by the asphalt binders
might be explained by the changes that normally occur af-
ter the polymer-modification. The asphalt binders tend to
have higher stiffness at high temperatures and tend to be
more elastic. These aspects can be noticed by the master
curves of each material. It is important to note that the ag-
gregates’ properties and size distribution were the same
for the three mixtures evaluated in the present study, but
other gradations and other aggregate sources could lead
to different results and lower values of R2. Despite result-
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Figure 9: Comparison of rut depth with: (a) |G*|/sinδ and (b) Jnr

ing in a fair correlation, the Superpave parameter should
be avoided because it does not address well the modified
asphalt binders’ performance with respect to permanent
deformation. The higher values of |G*|/sinδ for the AC3
would indicate better resistance to permanent deforma-
tion, but that was not observed in the wheel-track simula-
tion test, which resulted in almost identical rut depth val-
ues for the two modified binders.

4 Summary and Conclusions
The present research evaluated three different asphalt
binders in relation to their linear viscoelastic and perma-
nent deformation properties: 50/70 neat binder (AC1), one
polymer-modified binder with 2.1% of RET 4170 and 0.18%
of PPA 116 (AC2), and another polymer-modified binder
with 1.9% of RET 5170 and 0.18% of PPA 116 (AC3). The
two modified binders were produced with the same AC
50/70 base. Rheological tests were performed in order to
obtain the Superpave traditional parameter of |G*|/sinδ
normally used to characterize binders in relation to rut-
ting resistance and master curves after temperature and
frequency sweeps. After that, theMSCR testwasperformed
to obtain the non-recoverable creep compliance and the
percent strain recovery of the materials; also, the wheel-
tracking test was performed in asphalt mixtures consti-
tuted by the same binder to measure their rutting resis-

tance. Some of the conclusions obtained after the studies
are:
– Themodificationof asphalt binderswith reactive poly-

mer tends to enhance their performance in relation to
permanent deformation; the values of |G*|/sinδ before
and after the aging process are higher for themodified
materials, especially with increasing temperature;

– The polymer-modified binders are less susceptible to
temperature changes; with the increase of tempera-
ture, the neat binder tends to lose its rigidity more
rapidly;

– The modified binders can generally be used in heavy
or very heavy traffic levels, according to Jnr values; on
theotherhand, theneat binder tested canonlybeused
in standard traffic level;

– Despite being classified in different traffic grades, the
two modified asphalt binders resulted in similar rut
depth values;

– Therewas a good correlationbetween rut depth values
and non-recoverable creep compliance values, which
show that the MSCR test can be a good indication
of permanent deformation resistance of asphalt mix-
tures.

Further work should be done to add more information to
the data presented in this research. The present research
tested asphalt mixtures with the same binder content and
aggregate skeleton, thus these properties did not influ-
ence the results provided; however, it is well-known that
these characteristics, especially the aggregate particles
behavior, have major effects on the rutting resistance of
asphalt mixtures. Other types of asphalt mixtures, with
different gradations, should also be studied in order to
better describe the correlations between the traffic sim-
ulator test and the MSCR results. The fatigue resistance
characterization should also be characterized in order to
compare the binder with asphalt mixtures results.
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