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ABSTRACT

Due to the increase need for reclaimed asphalt pavement (RAP) and development of recycling technologies, RAP
has been used as a substitute for the virgin asphalt binder and aggregates in hot-mix asphalt (HMA) pavements.
The research investigates the influence of adding SBS polymer on asphalt mixture containing reclaimed asphalt
pavement. In this study, one percentage of RAP (30% by weight of mixture) was used. The SBS polymer
percentages used were 3, 4 and 5% by weight of asphalt were three different test methods are used to evaluate the
asphalt mixtures: Marshall stability and flow test, indirect tensile strength test and double punch shear test. It can
be noticed clearly that the loss in ITS for mixtures containing SBS is lower than mixtures without SBS, also
Marshall stability and punching strength increase with the increases of SBS percentages and the flow decrease
with the increase of SBS polymer. It was concluded that adding SBS polymer improve the performance of
mixtures and it was found that 5% of SBS modified mixture gave the best results due to improve mechanical
properties of the mixture compared with the control mixture. It was noted that ITSR, Marshall stability and
punching strength increased by 5%, 26.4% and74.8%, respectively, while Marshall flow decreased by 10.5%
when adding 5% of SBS polymer to asphalt mixture.

INTRODUCTION

Recycling hot mix asphalt material results in a reusable mixture of aggregate and asphalt binder known as
Reclaimed Asphalt Pavement (RAP). Reclaimed asphalt pavement (RAP) has been used in most countries because
of the environmental benefits and costs reduction, [1]. From resurface and rehabilitation projects, plenty of asphalt
pavement materials are removed and treated as waste. It is essential to understand the fundamental properties of
recycled asphalt binder as well as the interaction between the old binder in the recycled asphalt and the fresh
binder in the new mix [2].The amount of recycled pavement that has been milled in every year is 90 million tons
and 33% of all recycled RAP is reused in production of hot mix asphalt,[3]. In the Florida Department of
Transportation (FDOT) from 1979 to 1994 it produced 22 million ton of RAP, [4].

The use of Polymer Modified Asphalt (PMA) to obtain better asphalt pavement performance has been investigated
for a long time. Styrene-butadiene-styrene (SBS) copolymer modified asphalt was developed mainly for the
reason that can improve the permanent deformation resistance, low-temperature cracking resistance, fatigue
resistance and stripping resistance [5, 6]. There is a need for research into recycling issues involved with SBS
modified asphalt mixtures.

The mix design process for hot mix asphalt (HMA) with RAP is similar to mix design for virgin HMA when the
RAP percentage is lower than 25% [7]. Despite the similarity in mix design, some challenges remain for
maximizing RAP used and routinely using high RAP content. Thus, there is also a need for research into the mix
design for reclaimed SBS modified asphalt mixture and the application of RAP is still far from desired in some
countries [8].

The purpose of this research is to investigate the influence of adding different percentages of SBS polymer on
asphalt mixture containing 30% by weight of mixture of reclaimed asphalt pavement (RAP).

http: // www.gjesrm.com © Global Journal of Engineering Science and Research Management
(39]



;: THOMSON REUTERS

[Karim* 5(7): July, 2018] ISSN 2349-4506
Impact Factor: 3.799

J
76 Gilobal Journal of Engineering Science and Research Management

EXPERIMENTAL WORK

Materials

Asphalt cement

A 40-50 penetration grade asphalt cement was used in this work which was brought from Al-Daurah Refinery in
Baghdad city. The physical properties of asphalt cement are illustrated in Table 1.

Fine and coarse aggregate
The crushed aggregates used in this study were obtained from Al-Nibaie Quarry. Table 2 provides the physical
properties of the fine and coarse aggregates.

Filler
The filler used in this work was Ordinary Portland cement brought Karasta Company and the bulk specific gravity
was 3.1. Table 3 shows the ordinary Portland cement filler gradation.

Reclaimed asphalt pavement

The RAP used in this work was collected from the same source, which was obtained from Mayoralty of Bagdad
project office at Al-Karada region in Bagdad city. Extraction test was conducted to determine the asphalt cement
content of RAP material in accordance to ASTM D2172 [20]. After extraction test, the properties of RAP were
determined. Table 4 provides the properties of the RAP. Plate 1 show the extraction test and Figure 1 provided
the gradation of the RAP before and after extraction test.

Table 1. The physical properties of asphalt cement.

Test ASTM designation Test result SCRB specification
Penetration D5 47.3 40-50

Ductility, cm D113 110 >100

Softening Point, °C D36 53.5

Flash Point, °C D92 291 >232

Fire Point, °C D92 305

Loss on Heating, % D1754 0.29

Table 2. The physical properties and standard limitation for coarse and fine aggregates.
No. Laboratory test Test results Adopted specification
/ Standard limits

Coarse aggregate ASTM SCRP
1 Specific Gravity, Sieve size Gsa Ggp Abs,%
ASTM C127 (mm)
12.5 2.674 2.651 0.32
9.5 2.591 2.585 0.09
4.75 2.582 2.57 0.18
2 Wear by (Los Angeles | 21.3 35 (Max.) | ---
abrasion), %
ASTM C131

Fine aggregate,
ASTM C128

1 Apparent specific gravity | 2.655
2 Bulk specific gravity 2.635
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| 3 | Water absorption, % | 0.25

Table 3. The ordinary Portland cement filler gradation.

Sieve Size (mm)

SCRB Specification R9,

Percentage Passing by

(2003) Weight (%)
0.6 100 100
0.3 100-95 98
0.075 100-70 97
Table 4. The properties of the RAP after extraction test.
Laboratory Test Test results ASTM
designation
Coarse aggregate Apparent specific gravity 2.65 C-127
Bulk specific gravity 2.6 C-127
Water absorption, % 0.68 C-127
Fine aggregate Apparent specific gravity 2.63 C-128
Bulk specific gravity 2.5 C-128
Water absorption, % 2.24 C-128
Asphalt cement, % 4.2 D2172
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Figure (1): Specification limits and RAP gradation of (SCRB R9, 2003) for surface course layer.

Styrene- Butadiene- Styrene (SBS)
SBS polymer was used to modify the asphalt, which was brought from the Ministry of Industry and Minerals/
State Company for Mining Industries. Three percentages of SBS were added, these are 3, 4 and 5% by weight of

asphalt.
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Plate 1. The extraction test

Superpave mix design

NCHRP provided a technician’s manual to use RAP in superpave mix design (NCHRP/ Report 452, 2001) [9].
One percentage of RAP (30%) was used in this study. The trial blends were established by incorporating RAP
material depending on its gradation after extraction test with virgin aggregate at different percentages to meet the
specification of SCRB/R9 (2003) [10] and AASHTO M323 [24] for surface course. Table 5 presents the aggregate
structural design. The design asphalt content is 4.8% by weight of mix. Figure 2 show the aggregate structural
design with limitations.

Table 5. The aggregate structural design.

Sieve size, | Control points Iragi specification Aggregate

mm (AASHTO M323, (SCRB R9, 2003) structural
2012) surface course design,
Min. Max. Min. Max. passing %

19 - 100 100 100 100

12.5 90 100 90 100 95

9.5 90 - 76 90 85

4.75 -- -- 44 74 50

2.36 28 58 28 54 34

1.18 - -- - - 24

0.6 -- -- -- -- 17.5

0.3 -- -- 5 21 13.5

0.15 - - -- - 10

0.075 2 10 4 10 4.5
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Figure 2: The aggregate structural design with limitations.

TESTING PROGRAM

Both unmodified and modified asphalt were evaluated by the following tests:

Indirect tensile strength test
To investigate the moisture susceptibility of asphalt mixture, the indirect tensile strength test was used according
to AASHTO T283 [23] and ASTM D 4867 [22] Specimens prepared at 7+1 percent in air voids. SGC was used
for compacted a total six specimens for each percentage of SBS (0, 3, 4 and 5%). Three specimens were tested
without any conditioning and other three specimens were subjected to saturation followed by a freeze and thaw
cycle. All six specimens are tested for indirect tensile strength.
Indirect tensile strength is determined as follow:
S; = 2P/(m*t*D) Q)
where:
S; =tensile strength, kPa
P = maximum load, N
t = specimen height immediately before tensile test, mm.
D = specimen diameter, mm.
Then the tensile strength ratio is determined as follow:
TSR = (S,/S;) X 100 (2)
where:
TSR = tensile strength ratio, percent
S, = average tensile strength of conditioned subset, kPa, and
S; =average tensile strength of the dry subset, kPa.
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Marshall Test

Generally, the purpose of this test is to measure the stability and flow values for mixtures. The specimens were
immersed in a water path at a temperature of 60+ 1°C for a period of 30-40 minutes. Then, the sample was placed
in the Marshall stability testing machine. The load is at a constant rate of deformation of 50.8 mm (2 in) per minute
until failure. The maximum loading that causes failure of the sample was reordered as Marshall stability and the
total amount of deformation had been taken as Marshall flow.

Double Punch Shear Test

This test procedure was advanced at the University of Arizona by Jimenoz (1974) [25] which was used for
measuring the stripping of the binder from the aggregate. Marshall samples was used for test and three specimens
were conditioned by placing them in water at 60 + 1°C for 30 minute. The specimen was centered between two
cylindrical steel punches (2.54 cm in diameter) perfectly aligned one over the other and then loaded a rate of (2.54
cm/minute) until failure. Then the maximum resistance was recorded. The punching strength is calculated by the
equation:

o = —L (3

" n(1.2bh-a?)
where:
o; = Punching shear stress, Pa
p = Maximum load, N.
a = Radius of punch, mm.
b = Radius of specimen, mm.
h = Height of specimen, mm.

ANALYSIS AND DISCUSSION OF TEST RESULTS

Indirect tensile strength test

Indirect Tensile Test (ITS) is a method of determining the tensile strength of a sample by applying a compressive
load on a cylindrical specimen. Tensile strength can be used to predict the water susceptibility of the sample. In
this case, the tensile strength was measured before and after water treatment to determine the retained strength
percentage. From Figures 3 and 4, the indirect tensile strength for unconditioned and conditioned sample increases
with increasing SBS polymer content. Figure 5 illustrates the indirect tensile strength ratio. It can be clearly
noticed that the loss in ITS for mixtures containing SBS is lower than mixtures without SBS.
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Figure 3. The indirect tensile strength for the unconditioned sample versus SBS polymer content.

http: // www.gjesrm.com © Global Journal of Engineering Science and Research Management
[44]



RESEARCHERID

'} THOMSON REUTERS

[Karim* 5(7): July, 2018] ISSN 2349-4506
Impact Factor: 3.799

™
J
f Global Journal of Engineering Science and Research Management

1200

=
o
o
o

800

600
m SBS %

IS
o
o

Indirect Tensile Strength, kPa

N
o
o

SBS %

Figure 4. The indirect tensile strength for conditioned sample versus SBS polymer content.
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Figure 5. The indirect tensile strength ratio versus SBS polymer content.

Marshall stability and flow test

Marshall stability and flow test results are illustrated in Figures 6 and 7 respectively. Figure 3 shows clearly that
the addition of the SBS polymer to hot recycled mixture has improved the Marshall stability. It is noticed that the
stability increased by about 4.3, 17.2, and 26.4% when adding 3, 4 and 5% RAP content respectively. Regarding
flow which represents the amount of vertical deformation of the specimen at failure, the results showed that the
flow decreases with increasing in SBS content (Figure 7). It is noted that all results are within the specification
range which is 2-4 mm according to SCRB/R9 (2003) [10].
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Figure 6. Marshall stability versus SBS polymer content.
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Figure 7: Marshall flow versus SBS polymer content.

Double punch shear test
Double punch shear test indicates the shear resistance action between aggregate and binder. Figure (8) presents
double punch shear test results for hot recycled mixture. Three percentage of SBS polymer were added.

It can be seen that the punching strength values increase with increase SBS content. It is increased by about 26.1%,
59.5% and 74.8% when adding 3%, 4% and 5% SBS polymer content respectively for 30% RAP. This can be
attributed to the fact that SBS modified asphalt improve the adhesive property of a mix which provides the desired
properties of elasticity, plasticity and elongation and also increase the viscosity of binder, hence more resistance
to the load carried by the machine (punching load).
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Figure 8: Double punch shear results versus SBS polymer content.

CONCLUSIONS

This article investigated the mechanical properties of hot recycled mixture and SBS polymer—modified asphalt
mixtures. In the light of intense experimental tests, the following conclusions can be drawn. The following
conclusions are based on the light of intense experimental work:

1.

2.

3.

The indirect tensile strength (ITS) for unconditioned and conditioned sample increases with increasing
SBS polymer content.

The indirect tensile strength ratio increases with increasing SBS content reaching its maximum ratio
(94%) for 5% SBS content.

The addition of the SBS polymer to hot recycled mixture has clearly improved the Marshall stability by
about 26.4% with 5% SBS content.

The punching strength values increase with increase SBS content which is increased by about 74.8%
when adding 5% SBS polymer content for 30% RAP.

From the experimental results of the three percentages (3%, 4% and 5%) of SBS polymer for modified
mixture and hot recycled mixture, it can be concluded that 5% of SBS modified mixture gave the best
results due to its improvement of mechanical properties of the mixture compared with the control
mixture.
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