
Mechanical Properties of Bitumen
and Asphalt Mixture Modified
with Polymer Additives

Quang Tuan Nguyen , Thi Thanh Nhan Hoang, Xuan Cay Bui,
Van Cham La, Thi Kim Dang Tran, Quang Phuc Nguyen,
and Nhu Hai Nguyen

Abstract This paper presents an investigation into the mechanical properties of
bitumen and asphalt mixture modified with polymer additives. Two polymer addi-
tives used in the study are SBS (Styrene-Butadiene-Styrene) and EVA (Ethylene-
Vinyl Acetate). Penetration test, softening point test and elastic recovery test were
performed on the base bitumen and the SBS polymermodified bitumenwith different
additive contents. In addition, the complex modulus tests were conducted in order
to characterize the linear viscoelastic behaviour of the base bitumen, SBS polymer
modified bitumen and the EVA modified asphalt mixture. The experimental results
showed that the polymermodification improved the hardness and the elastic recovery
of bitumen. The extent of the improvements varied as a function of polymer content.
The changes in the complex modulus (both norm and phase angle) of polymer modi-
fied bitumen and asphalt mixture were observed. The Time Temperature Superposi-
tion Principle (TTSP) was shown to be applicable for the complex modulus of the
base bitumen. But the polymer modified bitumen and asphalt mixture respected only
the Partial Time-Temperature Superposition Principle (PTTSP). The PTTSPwas also
verified for the complex Poisson’s ratio of an EVAmodified asphalt mixture. Despite
the changes in the rheological properties, the shift factors used to build the complex
modulus master curves of both original and polymer modified bitumen were very
similar.
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1 Introduction

Following the rapid development, increased traffic loading and trafficvolumes require
higher quality and sustainable pavements. In order to enhance the mechanical prop-
erties and the long term behaviour of asphalt pavements, the polymer additives are
often used to modify asphalt binders (and thereby the asphalt mixtures) by mechan-
ical mixing or chemical reaction. It is well known that the pure bitumen is a viscous
and temperature sensitive material. Many authors have shown that the viscoelastic
behaviour of bituminous binders and the bituminous mixtures respects the Time
Temperature SuperpositionPrinciple (TTSP) [1, 2]. Polymermodification of bitumen
was reported to improve the properties of bitumen, such as higher fatigue and cracking
resistance, higher stiffness at high temperatures… [3, 4]. In this paper, the mechan-
ical properties of some bitumen and asphalt mixtures modified with SBS (Styrene-
Butadiene-Styrene) and EVA (Ethylene-Vinyl Acetate) are investigated. The main
research objective is to study if the TTSP can be applied for the polymer modified
bitumen (PMB) andmixtures and how the linear viscoelastic behaviour changes from
original bitumen to the PMB.

2 Materials and Experimental Program

The testedmaterials and experimental program are presented in Table 1. Two original
bitumen of 60/70 penetration grade, called B1 and B2, were used in this study. The
B1 and B2 were then mixed with SBS at different contents (see Table 1) to produce
the PMB. An asphalt mixture dosed at 5.6% EVA modified bitumen by weight of
aggregates was also tested.

The penetration, softening point, elastic recovery and complex modulus test
were performed on the original bitumen and the PMB. The complex modulus tests
were conducted at different temperatures and frequencies to characterise the linear
viscoelastic behaviour of binders andmixture. TheDynamic ShearRheometer (DSR)
was used to perform the complex modulus tests on B2 and B2+ SBS. The complex
modulus tests on B1 and B1 + SBS were carried out by the Metravib’s DMA
(DynamicMechanicalAnalyzer) [5]. The test usingDSRmeasures the shear complex
modulus G* and one with Metravib’s DMAmeasures the complex modulus E* (with
hypothesis E* = 3G* at high temperature) of bitumen. It should be noted that the
complex modulus test on asphalt mixture is set up to obtain two parameters: E* and
the complex Poisson’s ratio ν* [1, 2, 6].
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Table 1 Tested materials and experimental program

Material Composition/Notation Penetration Softening
point

Elastic
recovery

Complex
modulus

Virgin bitumen
60/70—Type 1

B1 – – – X

PMB (B1) B1 + SBSa – – – X

Virgin bitumen
60/70—Type 2

B2 X X – X

PMB (B2) B2 + 2.5%SBSb X X X –

PMB (B2) B2 + 3.5%SBS X X X X

PMB (B2) B2 + 4.5%SBS X X X –

PMB (B2) B2 + 5.0%SBS X X X X

PMB (B2) B2 + 5.5%SBS X X X –

PMB (B2) B2 + 6.0%SBS X X X –

PMB (B2) B2 + 6.5%SBS X X X –

PMB (B2) B2 + 7.5%SBS X X X –

Asphalt mixture Aggregates + 5.6%
EVA bitumenc

– – – X

aModified with SBS and a small amount of other additives. SBS content (about 4–6% by weight of
the bitumen) and other components are confidential by the producer
bSBS content is 2.5% by weight of the bitumen
cEVA bitumen content is 5.6% by weight of aggregates

3 Test Results and Analysis

The results of the penetration, softening point, elastic recovery tests on B2 and B2+
SBS were presented in Fig. 1. It can be seen that the SBS modification improved the
hardness and the elastic recovery of bitumen. The penetration decreases, the softening
point and the elastic recovery increase with the increase of the SBS content.
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Fig. 1 Results of penetration, softening point, elastic recovery tests on B2 and B2 + SBS
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Fig. 2 Master curves of |E*|
and |G*| at Tref = 45 °C
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Figure 2 presents the master curves of |E*| and |G*| (norm of complex modulus)
at the reference temperature Tref = 45 °C. The experimental results on both original
bitumenB1 andB2 show that the SBSmodification enhances the complexmodulus of
bitumen at high temperature/low frequency. But at low temperature/high frequency,
the difference in modulus between B2 and B2 + SBS is not clearly observed. The
complex modulus of B1 is even higher than one of B1 + SBS. In the case of phase
angle (Fig. 3a), the experimental result shows a decrease in phase angle from original
bitumen (B1) to PMB (B1 + SBS) at high temperature. The shift factor aT used to
build themaster curves of complexmodulus (both norm and phase angle) is presented
in Fig. 3b. It can be seen that the shift factor is very close for each group: B1 and B1
+ SBS, B2 and B2 + SBS. It means that the SBS modification affects the complex
modulus but does not have influence on the shift factor aT of the original bitumen. So
the thermal sensibility which is characterised by the shift factor is kept from original
bitumen to PMB.

Figure 4 presents the results of complex modulus tests on B1 + SBS and EVA
asphalt mixture in Cole-Cole diagram. It is found that the isotherms of E* in Cole-
Cole diagram do not form a unique curve but make some “commas”. It means that
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Fig. 3 a Master curves of phase angle and b shift factor aT
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Fig. 4 E* of B1 + SBS (a) and asphalt mixture (b) in Cole-Cole diagram

the polymer modification has effects on the rheology properties of bitumen and
especially for asphalt mixture. The TTSP is not validated for PMB and asphalt
mixture using the EVAmodified bitumen. However, the results in Fig. 2 and 5a show
that the master curves of PBM and asphalt mixture can be still plotted and observed.
We call that the Partial Time-Temperature Superposition Principle (PTTSP). The
polymer modified bitumen and asphalt mixture respected only the PTTSP. When the
bituminous materials are thermo-rheologically simple, two master curves (both |E*|
and the phase angle) can be plotted. The term “Partial” means the material is not
thermo-rheologically simple but we can still plot and obtain only one smooth master
curve for this material: the master curve of |E*|. The commas appear in the master
curves of the phase angle that does not allow observing a smooth master curve of
phase angle (Fig. 3a).

The results of ν* of asphalt mixture were presented in Fig. 5a (the master curve
of norm of ν*) and Fig. 5b (Cole-Cole diagram). It is interesting that the complex
Poisson’s ratio varies from0.25 to 0.5 as a function of the reduced frequency (Fig. 5a).
Themaster curve of ν* is obtainedusing the same shift factors aT that has beenused for
the E* master curve of asphalt mixture. It is observed that the “commas” are formed
in Cole-Cole diagram of ν*. The ν* is also effected by the polymer modification and
respected only the PTTSP.

4 Conclusions

From the presented experimental study and analysis, the following conclusions can
be drawn:

• Increasing the SBS content in the PMB enhances the hardness and the elastic
recovery of bitumen such as: decrease of the penetration and the phase angle
at high temperature; increase of the softening point, the elastic recovery and
the complex modulus at high temperature. At low temperature, effect of SBS
modification on the complex modulus is not clearly observed.
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Fig. 5 Results of complex modulus test on asphalt mixture: a master curves of |E*| and |ν*|, b ν*

in Cole-Cole diagram

• The TTSP and PTTSP are verified for the original bitumen and PBM respectively.
The master curve can be plotted for the norm E* and ν* of EVA modified asphalt
mixture but the EVA asphalt mixture respects only the PTTSP.

• The shift factors aT used to build the complex modulus master curves of original
and polymer modified bitumen were close together.
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