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Preface

Following the great progress made in civil engineering and building materials, the 2014 4th International Confer-
ence on Civil Engineering and Building Materials (CEBM 2014) aimed at providing a forum for presentation and
discussion of state-of-the-art development in Structural Engineering, Road & Bridge Engineering, Geotechnical
Engineering, Architecture & Urban Planning, Transportation Engineering, Hydraulic Engineering, Engineering
Management, Computational Mechanics, Construction Technology, Building Materials, Environmental Engi-
neering, Computer Simulation & CAD/CAE., Emphasis was given to basic methodologies, scientific development
and engineering applications.

This conference is co-sponsored by Asia Civil Engineering Association, the International Association for
Scientific and High Technology and International Science and Engineering Research Center. The purpose of
CEBM 2014 is to bring together researchers and practitioners from academia, industry, and government to
exchange their research ideas and results in the areas of the conference. In addition, the participants of the
conference will have a chance to hear from renowned keynote speakers Prof. XIAO-YAN LI from University of
Hong Kong.

We would like to thank all the participants and the authors for their contributions, We would also like to
gratefully acknowledge the production supervisor Janjaap Blom, Léon Bijnsdorp, Lukas Goosen, who enthusi-
astically support the conference. In particular, we appreciate the full heart support of all the reviewers and staff
members of the conference. We hope that CEBM 2014 will be successful and enjoyable to all participants and
ook forward to seeing all of you next vear at the CEBM 20135,

November, 2014

Prof. Shuenn-Yih Chang

Dr. Suad Khalid Al Bahar

Dr. Adel Abdulmajeed M. Husain
Dr. Jingying Zhao
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The effect of granular BRA modifier binder on the stiffness modulus
of modified asphalt

Muhammad Karami & Hamid Nikraz
Department of Civil Engineering, Curtin University, Perth, Western Australia, Australia

ABSTRACT: Thisstudy is aimed to evaluate the effect of using a granular Buton Rock Asphalt (BRA) modifier
binder for improving the stiffness modulus performance of asphalt mixtures. The stiffness moduli of BRA
modified asphalt mixtures and unmodified asphalt mixtures (as control mixtures) for a dense grading of 10 mm
were determined using an Indirect Tensile Stiffness Modulus (ITSM) test at five different temperatures (5, 15,
25, 40, and 60°C), three different rise times (40, 60, and 80 ms), and three pulse repetition periods (1000, 2000,
and 3000 ms). Results from this study indicated that stiffness moduli for BRA modified asphalt mixtures were
higher than that for control mixtures at any test temperature, rise time, and pulse repetition period. The change
in temperature is the biggest influence on changing the stiffness modulus compared to the change in rise time

and the pulse repetition period for both asphalt mixtures.

Keywords: Buton Rock Asphalt (BRA), asphalt mixtures, Indirect Tensile Stiffness Modulus (ITSM)

I INTRODUCTION

The need to increase the capability of asphalt mix-
tures to withstand increasingly heavy loads as well as
to withstand the effect of climate is very important in
order to prevent the rapid deterioration of asphalt mix-
tures. Therefore, the use of modified asphalt mixtures
in road structures with the aim to improve the per-
formance and service life of road surfaces is greatly
needed.

Asphalt mixtures are formed by bitumen and aggre-
gate, In a certain conditions, such as high temperature
and low loading times, bitumen behaves as a viscous
material, whereas at low temperature and high loading
times, bitumen behaves as an elastic solid (Yilmaz &
Celoglu, 2013). Asphalt mixtures behave like bitumen
because the main function of the bitumen in the mix-
tures is as a binder, where the properties of bitumen
have a direct and significant effect on the properties of
asphalt mixtures. As a result, at a typical traffic speed
and temperature, asphalt mixtures almost behave as an
elastic material, where the deformation under loading
conditions is considered recoverable (Hartman et al,,
2001, Ahmedzade & Sengoz, 2009, Mokhtari & Nejad,
2012), Since the binder characteristic is among the fac-
tors that affect the elastic stiffness of an asphalt mixture
(Tayfur et al., 2007), a stiffness modulus is considered
as an important performance characteristic of asphalt
mixtures. A stiffness modulus 15 used as a measure
on resistance to bending and the capability to spread
the applied load for asphalt mixtures (Hartman et al.
2001).
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In order to improve the stiffness modulus of asphalt
mixtures, this research considered the use of a gran-
ular BRA modifier binder. The form of this modifier
binder is granular (pellets), and is composed of two
parts, natural binder and fine mineral, which are
known together as mastic asphalt. It is well known
that mastic asphalt has a favourable influence on
the performance of asphalt mixtures (Wang et al,
2011, Silva et al., 2003). Limited study reported about
using BRA maodifier binder products for improving
stiffness modulus and other performances of asphalt
mixtures. Affandi (2012) reported that the stiffness
modulus is increased and the temperature sensitiv-
ity of asphalt mixtures is improved by using BRA
modifier binder semi-extraction. Other BRA modifier
binder products, for example, filler, were studied and
resulted in an increase in the resilient modulus and
rutting potential (Subagio et al, 2003), and also in
the fatigue performance of asphalt mixtures (Subagio
et al., 2005).

The objective of this study is to perform a labora-
tory imvestigation on unmodified and BRA modified
asphalt mixtures to identify their effect on the stiffness
modulus performance.

2 MATERIALS AND METHODS

2.1 Asphalt binder

A type of asphalt cement, C-170, from a regional
supplier in Western Australia was used as the base



Table 1. Properties of base binder. Table 3. Agpregate gradation used in this study.
Properties Test Method Value Dense grading 10-mm, Passing (%)
Lower-
Density, kg/L ASTM D-1298 1.03 BRA modified** upper
Flash point, *C ASTM D-93 =250  Sieve Control* limit*+*¥,
Viscosity at 60°C, Pa.S ASTM D-445 170 size  Crushed Crushed BRA Passing
Viscosity at 135°C, Pa.8 ASTM D-445 0.35 (mm) aggregate aggregate mineral Fimal (%)
1320 100 100 100 100
8.50 7.5 o075 97.5 95-100
6.70 83.0 B3.0 B30 T7E-88
4.75 68.0 68.0 6B.0 63-73
2.36 44.0 44.0 100 440 4048
1.18 285 288 99.9 285 25-32
0.60 210 212 90.8 21.0 1824
0.30 14.5 15.0 99.5 4.5 12-17
0.15 10,0 [1.0 9.0 10.0 g-12
0.075 4.0 5.7 98.3 4.0 3-5
(%) 100 974 26 100

Figure 1. The form of granular BRA modifier binder.

Table 2. Particle size distribution of BRA mineral.

1.18 060 030 015 0.075
97 92 81 61 36

Sieve size (mm) 2.36
Passing (%) 100

asphalt binder for control asphalt mixtures; it is clas-
sified according to the Australian Standard AS-2008.
The properties of the base asphalt binder are listed in
Table 1. In this study, BRA modified asphalt mixtu-
res were made by replacing 20% of the base asphalt
binder (by weight of total asphalt binder) with 20% of
the natural binder, containing the granular BR.A modi-
fier binder, with the purpose of improving the stiffness
modulus of asphalt mixtures. The form of BRA mod-
ifier binder used in this study was granular (pellets)
with a size of 7 to 10 mm in diameter, as shown in Fig-
ure 1. Three samples of granular BRA modifier binder
were extracted in accordance with Standard WA730.1-
2011. These test results showed that the granular BRA
modifier binder was composed of 70% mineral and
30% binder by total weight. Table 2 shows the particle
size distribution for BRA mineral. Based on a size of
less than 4.75 mm, the mineral is considered as fine
aggregate and the granular BRA modifier binder can
be concluded as mastic binder based on a mineral size
of less than 2 mm (Silva et al., 2003).

2.2 Aggregate

The aggregate gradation of dense graded, as shown
in Table 3, was used for the control and the BRA
modified asphalt mixtures. The gradation had a max-
imum aggregate size of 9.5mm in accordance with
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*Control asphalt mixmres;
**BRA modified asphalt mixtures;
**2] imit values in accordance with Specification 504

Specification 504 used in Australia. One sourced
of crushed granite was used for all of the asphalt
mixtures. In this study, the aggregate gradation for
BRA modified asphalt mixtures below 2.36 mm was
adjusted to accommodate the mineral content in the
granular BRA modifier binder. The weight of the
crushed aggregate was reduced by the BRA mineral in
order to minimize the variance of aggregate gradation.

2.3 Mix design and specimen preparation

The Marshall Mix design method was used for deter-
mining the optimum binder content for the control
asphalt mixtures in accordance with specification 504.
Three specimens of 101 mm diameter and 63.5mm
height were produced with compacting energy of
seventy-five blows applied to each side. The binder
range region was 5.0% to 6.0% with 0.5% increment.
The optimum binder content was determined as 5.4%
by weight of the mixtures. In this study, the BRA mod-
ified asphalt mixtures used the same binder content
as the control asphalt mixtures in order to maintain
consistency for comparison purposes.

The BRA medified asphalt mixtures were fabri-
cated as follows: 1.5% of hydrated lime (by weight of
the total aggregates) was included in blended aggre-
gates and mixed manually (Specification 504). The
blended aggregates were then heated in a controlled
temperature oven at 160°C for at least 12 hours. The
base asphalt binder and the granular BRA modifier
binder altogether were put in a bowl and then heated in
another oven at 150 &+ 5 for 30 min to 1 hour, with fre-
quent manual stirring in order to blend and incorporate
the two binders as the BRA modified asphalt binder.
The blended aggregates were then put in the same bowl
and mixed with the BRA modified asphalt binder for



1.5 minutes at a mixing temperature of 150°C. The
mixing temperature for the control and the BRA mod-
ified asphalt mixtures were 140°C and 150°C, based
on viscosity testing results.

3 INDIRECT TENSILE STIFFNESS
MODULUS TEST

The resilient modulus tests were conducted in accor-
dance with the test procedures Australian Standard
AS2891.13.1-1995, to evaluate elastic properties in the
form of stress-strain measurement. In this study, the
Universal Testing Machine (UTM25) was used for the
test to determine resilient modulus asphalt mixture in
accordance with AS2891.13.1-1995. A gyratory com-
pactor was used to fabricate specimens of 100 = 2 mm
in diameter and between 35 and 70 mm in height, fol-
lowing AS2891.2.2-1995. A number of gyrations were
applied to achieve target air voids of 5+ 0.5%. The
compactions were performed at a gyratory angle of 2°
and vertical loading stress of 240 kPa. Fifteen speci-
mens were prepared for the control asphalt mixtures,
and fifteen specimens were also prepared for the BRA
modified asphalt mixtures (three specimens for each
level of temperature).

The specimens were placed in the temperature—
controlled cabinet at the required test temperature, and
the temperature in the specimen was allowed to reach
equilibrium before the testing was performed. The load
pulse was applied vertically in the vertical diameter
of a cylindrical specimen through a curved loading
strip, Two Linier Variable Differential Transformers
(LVDTs) were attached at the mid thickness at each
end of the horizontal diameter to measure horizontal
deformation. Initially, the test specimens were condi-
tioned through the application of five load pulses with
the specified rise time to the peak load at the specified
pulse repetition period, and then the calculation of the
modulus was done based on the average of a further
five load pulses.

Specimens were conducted with control and BRA
modified asphalt mixtures at five different temper-
ature (5, 15, 25, 40, and 60°C), three different rise
time (40, 60, and 80 ms), and three different pulse
repetition period (1000, 2000, and 3000 ms). During
testing, recovered horizontal strain were set to 50 pe.
The rise time is the time used for the applied load
to increase from 10% to 90% while the pulse repe-
tition period is a distance between 10% applied load
in one pulse and 10% applied load in the next pulse.
For simulating the volume and speed of traffic, a pulse
repetition period of 1000 and 3000 ms was chosen for
high and low trafficked volume roads respectively;
for vehicle speeds, a rise time of 40 and 80 ms was
chosen for high and low speeds respectively (Tayfur
etal., 2007).

The average values of the stiffness modulus that
were conducted to correlate the three identical spec-
imens using power regression are shown in Table 4.
Equations are obtained, where y is the average of the
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Table 4. Vanation of experimental parameters.

Pulse
Tep.

Temp. Asphalt period

(°C)  mixtures (ms)  Eguation B’

5 Control 1000 y=27692309x %155 pgog
Control 2000  y=25220375x %1% 0840
Contrel 3000 y=22982.688x 00" 0.697
BRA Modified 1000 y=234567427x012% gg2
BRA Modified 2000 v=31427.543x "™ (865
BRA Modified 3000 y=230358.117x"00%0 pgi2

15 Control 1000 y=21281.450x"9%% 0713
Contral 2000 y=21235835030 0729
Control 3000 y=21746.324x"02% 0763
BRA Modified 1000 v=25320082x""'7% {0828
BRA Modified 2000 vy=24982692x %180 ps00
BRA Modified 3000 y=235721.289x T8¢ (g12

25 Control 1000 y=17773.527" %95 Q817
Control 2000  y=13897.884x"375 0,780
Conirol 3000 y=14391.167x 033 (788
BRA Modified 1000 y=19080.082x 028 329
BRA Modified 2000 v=19812.853x~0%8 po4
BRA Modified 3000 y=20146454x"0%% 0§53

40 Control 1000 y=4152254x"0%%  pg39
Control 2000 y=2577.166x" 0412 787
Control 000  y=2286208x 0% 0749
BRA Modified 1000 y=6898.153x"043% (924
BRA Modified 2000 y=5559.128x7%%1  0.063
BRA Modified 3000 y=3271.487x 0405  pos54

60  Control 1000 y=348243x""2  (.585
Control 2000 y=370.53x~02% 0353
Contral 000 y=415445x"90 (648
BRA Modified 1000 y=182425902%  pg17
BRA Modified 2000 y=726.250x"%27 0762
BRA Modified 3000 v=677.955x"033  pg78
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Figure 2, ITSM values for asphalt mixtures at a rise time of
40 ms.

modulus in MPa and x is the rise time in mili-seconds
(ms). The coefficient of correlation (R?) was used to
verify the accuracy of the equation.
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Figure 3. ITSM values for asphalt mixtures at a rise time of
60 ms.
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Figure 4. ITSM values for asphalt mixtures at a rise time of
80 ms.

Figures 2 to 4 present ITSM values for mixtures at
any level of temperature, rise time and pulse repeti-
tion period. The ITSM results for control and BRA
modified asphalt mixtures decreased with increas-
ing temperature at all levels of rise time and pulse
repetition periods. The ITSM values in BRA modi-
fied asphalt mixtures increased and was significantly
higher at all levels of temperature, rise time and pulse
repetition periods compared to control mixtures.

The ratio of the ITSM values from the BRA mod-
ified and the control asphalt mixtures was increased
when the temperature increased. At the same rise time
and pulse repetition period, the ITSM values of BRA
modified were between 38% and 126% higher than
that of the control asphalt mixtures.

It can be seen that the ITSM values for both mix-
tures were affected most by temperature. The ITSM
values were decreased as much as 85% and 82% for
control and BRA modified asphalt mixtures respec-
tively in between two adjacent test temperatures. At
the same rise time and repetition period, the decrease
in the value of ITSM for control asphalt mixtures was
between 2% and 3% higher than that of BRA modified
asphalt mixtures, except for the change in temperature
from 40°C to 60°C.
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Figure 5. ITSM values for asphalt mixtures at test temper-
ature of 5°C.
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Figure 6. ITSM wvalues for asphalt mixtures at a test tem-

perature of 25°C.

Pulse repetition peried also affected the ITSM val-
ues. Figure 5 shows that at 5°C, control and BRA mod-
ified asphalt mixtures with pulse repetition period of
3000-ms had ITSM values higher than that of asphalt
mixtures with pulse repetition period of 1000ms.
ITSM values for both asphalt mixtures at the same
level of rise time increased up to 9.4% with increas-
ing pulse repetition period from 1000 to 3000 ms. In
contrast, at other test temperatures, the ITSM values
for both asphalt mixtures with pulse repetition period
of 3000 ms were lower than that of asphalt mixtures
with pulse repetition period of 1000 ms. The ITSM val-
ues for both asphalt mixtures decreased up to 15.4%
with increasing pulse repetition period from 1000 to
3000 ms, as presented in Figure 6.

The ITSM results for control and BRA modified
asphalt mixtures decreased with increasing rise time
at any level of test temperature and pulse repetition
period. The change in rise time from 40 to 80-ms
decreased ITSM wvalues up to 29.7% and 26.2% for
control and BRA modified asphalt mixtures respec-
tively. The decrease in ITSM values due to the increase
in rise time for BRA modified was lower than that for
control asphalt mixtures at any test temperature and
the same pulse repetition period.
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4 CONCLUSIONS

Based on the testing result, the substitution of 20% of a
base asphalt binder with a natural binder, containing a
granular BRA modifier binder, resulted in an increase
in ITSM values for the BRA modified asphalt mix-
tures, indicating that the cracking resistance for BRA
madified mixtures increased.

The ITSM values for the control and BRA modified
asphalt mixtures were affected by any level of temper-
ature, rise time and pulse repetition period. However,
the ITSM values for both asphalt mixtures were most
affected by the temperature. The increase in temper-
ature resulted in a decrease of the ITSM values for
both mixtures. The ITSM results for BRA modified
were higher than for control asphalt mixtures at any
testing level temperature. A higher of test temperature
resulted in an increase in the ratio of ITSM wvalues of
BRA modified and control asphalt mixtures increased.

The pulse repetition period also affected the ITSM
results for control and BRA modified asphalt mix-
tures. However, the chanpe in the ITSM values due
to a change in the pulse repetition period is different
for any given temperature. The increase in the pulse
repetition period from 1000 ms (high trafficked vol-
ume roads) to 3000 ms (low trafficked volume roads),
resulted in increase of the ITSM values for both the
control and the BRA modified asphalt mixtures at a
test temperature of 5°C, while at any other test tem-
perature, the value decreased. Moreover, the increase
in the rise time from 40 ms (high speed) to 80 ms (low
speed) resulted in decreased ITSM values for both the
control and the BRA modified asphalt mixtures at any
level of test temperature and pulse repetition period.
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