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Abstract

The objective of this research is to determine the potential effect on the resilient modulus of asphalt mixtures of using granular Buton
Rock Asphalt (BRA) modified binder. The indirect tensile stiffness modulus (ITSM) tests were performed to examine the resilient mod-
ulus of unmodified and BRA modified asphalt mixtures for dense graded aggregates of 10 mm (DG10) and 14 mm (DG14) based on
standard AS-2891.13.1-1995. In these tests, three percentage of BRA natural binder, including 10%, 20% and 30% by total weight of
asphalt binder, were chosen as a substitute for the base asphalt binder in the BRA modified asphalt mixtures, with the purpose of
improving the resilient modulus values. According to the test results, the resilient modulus of BRA modified asphalt mixtures was higher
as compared to the unmodified asphalt mixtures. A higher percentage of BRA modifier binder content resulted in a higher resilient mod-
ulus. Furthermore, the unmodified and BRA modified containing only 20% BRA modified binder of DG10 were tested under different
conditions of temperature, rise time, and pulse period. The results indicated that the BRA modified asphalt mixtures containing 20%
BRA modified binder were less sensitive to the changes in the temperature, traffic volume and loading frequency. In addition, the sub-
stitution of 20% BRA modifier binder reduced the effect of the rest period ratio and loading time on the resilient modulus of the asphalt
mixtures.
© 2017 Chinese Society of Pavement Engineering Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Resilient modulus is a major input in the flexible pave-
ment design methodology regarding the prediction and
understanding of the behaviour of asphalt mixtures.
Zoorob and Suparma [1] explain that resilient modulus is
a criterion of the asphalt mixture’s ability to spread the
load and also to control the level of traffic. It is well known
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that traffic creates a tensile strain on the underside of the
asphalt mixture layers which are subjected to fatigue crack-
ing, together with compression strain in the subgrade that
can lead to permanent deformation. As Pourtahmasb
et al. [2] said, the resilient modulus test can be used to rep-
resent conditions in asphalt mixtures subjected to traffic
loading and offers the ability of comparing the behaviour
of asphalt mixture under various conditions and stress
states.

In recent years, the mechanistic approach based on the
elastic theory has been used in the philosophy of asphalt
pavement design with the aim of changing the previous
empirical approach. In this theory, the resilient modulus,
as the elastic modulus, is required as input for the elastic
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properties of pavement materials [3,4]. According to stud-
ies, obtaining the resilient modulus of asphalt mixtures
using the ITSM test is a means of studying the potential
elastic properties of asphalt mixtures in the form of
stress—strain measurement [5-9]. Lavasani et al. [10] state
that the material is considered to be relatively elastic when
the material attains a resilient state after a certain critical
number of applied loadings.

According to Shafabakhsh and Tanakizadeh [9] and
Fakhri and Ghanizadeh [11], the deformation of asphalt
mixtures under each load cycle is recoverable and the mate-
rial is considered to be elastic when a repeated load for a
large number of times is small compared to the strength
of the materials. Shafabakhsh and Tanakizadeh also state
that the resilient modulus is influenced by factors such as
test temperature, loading time or loading frequency, rest
period and loading pulse waveforms. However, the test
temperature has the greatest influence on the resilient mod-
ulus [9]. At a typical temperature e.g. 5 °C and high traffic
speed e.g. 100 ms rise time, asphalt binder behaves in an
almost elastic manner. As a consequence, the resilient mod-
ulus is a measure of an asphalt mixture’s resistance to
bending and hence of its load spreading ability [5]. Accord-
ing to Tayfur et al., the asphalt binder and volumetric pro-
portion of the mixtures influence the stiffness modulus [§].

A number of research studies on resilient modulus have
been carried out to investigate the possibility of using
Buton asphalt or materials derived from Buton asphalt
as a partial material substitute/addition in asphalt mix-
tures. Subagio et al. [12] reported that the use of asbuton
filler in Hot Rolled Asphalt (HRA) improved the resilient
modulus and resistance to plastic deformation. The test
results of Hot Rolled Asphalt (HRS) with Buton asphalt
filler conducted by Subagio et al. [13] revealed that the resi-
lient modulus of HRS modified at a test temperature of
25°C was lower when compared with unmodified HRS
mixtures. By comparison, at a test temperature of 45 °C
the resilient modulus of modified HRS was greater than
that of the unmodified HRS mixtures. In another experi-
ment, the influence of granular and extracted BRA asphalt
binder in asphalt mixtures was investigated by Zambhari
et al. [14] They used the ITSM test and dynamic creep test.
The results indicated that using granular and extracted
asphalt binder in asphalt mixtures increased the stiffness
modulus and creep stiffness and decreased the rate of per-
manent deformation.

Despite the progress of research into the use of Buton
asphalt materials [12-14], there are still significant gaps in
the research into the resilient modulus properties of BRA
modified asphalt mixtures. This is largely due to the com-
plexities of testing magnitude in order to express the
response of materials where the temperature and loading
time have a significant impact on the behaviour of asphalt
mixtures. For example, it is still not known how the rest
period, traffic volume, and loading time affect the resilient
modulus of BRA modified asphalt mixtures. Furthermore,
more sophisticated testing devices and complex parameters

are necessary to better understand the response of BRA
modified asphalt mixtures. This research, however, consid-
ered the use of granular Buton Rock Asphalt (BRA) mod-
ifier binder with an aim to improve the resilient modulus of
asphalt mixtures.

2. Materials and methods

The determination of the resilient modulus was divided
into two stages. The purpose of the first stage was to record
the effect on the stiffness modulus of asphalt mixtures of
using three percentages (10%, 20% and 30%) of granular
BRA modifier binder in two dense aggregate gradations
(10 mm and 14 mm), compared to unmodified asphalt mix-
tures. In this stage, the specimens were tested at under stan-
dard conditions. The purpose of the second stage was to
find out the effect of temperature, rest period ratio, traffic
volume and loading time on the unmodified and BRA
modified asphalt mixtures. Hence, the unmodified and
BRA modified asphalt mixtures specimens contained only
20% BRA modifier binder were tested under different con-
ditions of temperature, rise time and pulse period.

2.1. Materials

Class-170 (Pen 60/80) base asphalt binder was used for
unmodified asphalt mixtures. The binder was classified in
accordance with the Australian Standard AS2008 [15].
Three percentages of BRA natural binder, including 10%,
20% and 30% by total weight of asphalt binder, were cho-
sen as a substitute for the base asphalt binder in the BRA
modified asphalt mixtures. Specification of the base bitu-
men and BRA modified bitumen is given in Table 1. The
form of the BRA modifier binder (pellets) with a diameter
of 7-10 mm used in this study is shown in Fig. 1. Triplicate
portions of granular BRA modifier binder were subjected
to an extraction process [16]. The test results found that,
on average, the granular BRA modifier binders consisted
of about 70% mineral and 30% binder by total weight of
materials. The particle size distribution of mineral is as fol-
lows: 2.36 mm (100%), .18 mm (97%), 0.6 mm (92%),
0.3 mm (81%), 0.15 mm (61%) and 0.075 mm (36%).

A crushed granite aggregate from a local quarry in Wes-
tern Australia was used in all of the mixtures. The unmod-
ified and BRA modified asphalt mixtures used dense
graded aggregates of 10 mm and 14 mm based on Specifi-
cation 504 [17]. In the BRA modified asphalt mixtures,
the substitution of the base asphalt binder allowed the pro-
portion of fines passing 2.36 mm to be adjusted as shown in
Table 2 with the aim of minimizing the variance in the gra-
dation of aggregates.

2.2. Mix design and specimen preparation
Based on specification 504 [17], dense graded asphalt

mixes were assessed in accordance with the standard proce-
dure for the Marshall method of design in order to find out
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