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Abstract

Open graded asphalt mixture is becoming more widespread where it
is applied for various purposes, e.g. drainage of rainwater effectivity,
traffic safety (high skid resistance), and controlling pollution noise.
However, it has many other disadvantages, of which low stability, high
stripping, and moisture sensitivity. The research aims to study the effect
of styrene butadiene styrene SBS addition on the volumetric and
mechanical properties of open graded mixture. In this research one type
of aggregate with gradation (12.5 mm NMAS), asphalt of penetration
grade (40/50), and cement as filler were used. Optimum asphalt content
was selected based on the criteria of air voids content, asphalt drain down,
permeability, and abrasion resistance (for aged and un-aged) samples.
Other properties of open-graded mixtures, such as indirect tensile
strength (ITS), moisture susceptibility, Marshall stability and flow were
evaluated. The results show that addition of polymer (SBS) leads to an
enhancement in the properties of the modified mixtures. There is an
improvement in Marshall parameters. Also, a slight decreasing is noticed
for permeability and air voids. For Cantabro abrasion loss (aging and un-
aging condition), the abrasion resistance is increased, the drain down of
asphalt is decreased from original mixture by addition of SBS. Finally, the
moisture sensitivity is improved indicating that modified mixes becomes
more resistant to water damage.
Keywords: Open graded mixture, Permeability, SBS, Stability, Draindown.
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load axles has led to the rapid deterioration of flexible
roads, especially with the lack of periodic
maintenance work [2]. So there is a constant need to

1. Introduction
Recently, the number of vehicles has increased
dramatically [1]. This increase in traffic volume and
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improve asphalt mixtures to enhance their
properties and increase their resistance to loads and
weather conditions [3][4]. The Open-graded friction
course (OGFC) is defined as thin wearing surface of
permeable hot mix asphalt (HMA) that is being
applied for exceptional purpose of drainage around
the world [5][6]. Due to increasing traffic volume
combined with the effects of other exterior factors
such air temperatures and moisture causing pavement
distress [7] and affecting the performance of the
asphalt concrete [8], the use of permeable pavement
OGFC has been spread due its safety characteristics.
These characteristics affect positively towards the
driver, and regularly utilized as final riding surface on
the high-speed expressways [5][9]. Open-graded
asphalt mixture layer that improves drainage when it
rains, consist of the high content of coarse aggregate
and a low percentage of fine aggregate, which creates
a high percentage of air. The aggregate frame (stone
on stone) is responsible for the resilience of the
pavement [10]. The stone bears the lifting loads
where the asphalt holds everything in place [11].
Porous asphaltic mix has high drainage and noise-
abrasion properties, performance
regarding rutting resistance, fatigue life, and moisture
susceptibility is not as efficient as traditional mixes.

In the past few years, there has been an increase
of using polymer-modified binders into hot mix
asphalt (HMA) [12][13]. Several types of polymers are
currently used in asphalt binders to enhance their
properties  [14][15]. SBS is commonly used in
pavement construction for dense graded mixtures
[16] [17]. The porous asphalt mix consists almost of
85% coarse aggregate by weight, and the voids
between them result in an open and hollow structure
that increases the surface ability to allow water to
flow vertically or horizontally. The Australian Asphalt
Pavement Association (AAPA) specifications [18] for
porous asphalt aggregate are shown in (Table 1) [19].

The goal of this research is to investigate the
influence of adding different percentages of SBS
polymer on properties of open-graded asphalt
concrete mixtures in terms of air voids, permeability,
Cantabro abrasion loss, draindown, indirect tensile
ratio, and Marshall parameters, and make a
comparison between modified and control mixtures
due to its volumetric and mechanical properties.

however, its

2. Materials

Local materials that are often used in the asphalt
paving industries in Iraq are used in this study. The
open-graded asphalt mixture includes asphalt binder,
(fine and coarse) aggregates, filler, and additives.

Table (1): Porous Asphalt mix Criteria Based on
AAPA Specification [17].

Property Criteria
Stability >5 kN
Flow (2-6) mm
Air void (18-25) %
Permeability >0.01 cm/sec
Cantabro loss unaged <20 %
Cantabro loss aged <30 %
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<03 %
<0.8%

Draindown

Indirect tensile ratio

In this work, asphalt cement with penetration
grade (40-50) is utilized, it was obtained from the
Central Refinery Company (Al- Daura refinery),
southwest of Baghdad. Table (2) displays the physical
characteristics of the utilized asphalt cement. The
results of the tests carried out on the asphalt cement
showed that its properties conform to the Iragi
specifications [20] and ASTM standards [21].

The crushed aggregates used in this study were
obtained from Al-Nibaie Quarry. Table (3) shows the
physical properties of the coarse aggregate (retained
on sieve No.4), while two kinds of fine aggregates are
utilized in this study: 75% crushed sand and 25%
river sand by the total weight of aggregate. Table (4)
shows the physical properties of fine aggregates.

Mineral fillers utilized in this work are Ordinary
Portland Cement obtained from the local markets.
Table (5) shows the physical properties of Ordinary
Portland Cement.

The styrene-butadiene-styrene SBS was brought
from local markets in Baghdad city. SBS polymer is a
white tri-block particle with a small size. SBS has a
significant effect on the results of the ductility test at
both (4 and 25 °C), in which modified asphalts tend
to have a little ductility, while SBS polymer improves
the performance of asphalt mixture by increasing the
stiffness, stability, and elasticity of asphalt binder [17].
Three different percentages of Styrene-butadiene-
styrene contents (2, 3, and 4) % were added to the
optimum asphalt content. The method of mixing the
polymer with bituminous binder used in this study is
the wet method, in which the polymer is added to the
bituminous binder before introducing it in the asphalt
concrete mixture, with blending time of 60 minute at
the temperature of mixing (170 - 190) °C [16]. Some
of the physical and mechanical properties for SBS are
revealed in Table (6).

3. Aggregate Gradation

The selected gradation follows (ASTM D-7064)
[22] for open-graded asphalt pavement mixtures. In
this study, one trial blend was used of aggregate
gradation having (19 mm) maximum aggregate sizes
(MAS), the gradation is shown in Table (7) and
Figure (1).

Table (2): Physical Properties of Asphalt Binder

Tesis AST™ [ SCRB Specif.
Specif.
Penetration
(0-1omem) D5-13 43 (40-50)
Ductility (cm) | D113-07 | 145 <100
Flash point CC) | o5 161, | 295 <232
Fire points (°C) | D92-16b | 305 | ...
SOfte‘;ﬁ% POIC 1 D314 | 515 (51-62)
RV 135 °C D4402- | 0432
RV 165 °C 15 o1 |
Specific gravity | D70-08 | 1.048 (1.01-1.05)
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Retained
penetration; % D5 88
of original

> 55

Ductility of
residue (25 °C -5
cm/min)

D113 130

Table (3): Physical Properties of Coarse Aggregates

ASTM
Property Specif. Coarse Aggregate
sieve size Abs.
(mm) Gsb Gsa %
12.5 2.65 | 2.67 | 0.32
Specific | C127- 9.5 258 | 259 [ 0.09
gravity 128 4.75 257 | 258 | 0.18
Los
Angeles C131 21.72% (30 % Max)
abrasion
Fractured .
. D5821 98 (95% Min)
pieces
Flat and Flat 0.9%
clongated || D791 1 gy oaee | 2.5% (10 % May)
Particles

Table (4): Physical Properties of Fine Aggregates

Property Zs\sgj\;[ Fine Aggregate

sie(xI: IIsli)ze Ga G Aol/aos.
sg;;zzlig? Cf;g g:g% 258 | 277 | 26
cocnlsgnt D2419 51% (45%Min)

Table (5): Physical Properties of Ordinary Portland

Cement
Properties Results
% Passing sieve No. 200 97%
Bulk specific gravity 3.20

Table (6): Physical and Mechanical Properties for

SBS polymer.

Typical Properties Unit Value
Specific gravity --- 940
Tensile strength (ot) MPa 32 min
Melting point °C 180
Elongation Yo 88

Density Kg/m? 1242

Table (7): Gradation of the Open-Graded Asphalt

Mix
Sieve Size ASTM (D7064—13) Trial Blend
3/4 inch 100 100
1/2 inch 85 -100 93
3/8 inch 35-60 48
No. 4 10 -25 18
No. 8 5-10 8
No. 200 2-4 3
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Figure (1): Gradation of Combined aggregate (12.5
mm NMAS)

4. Preparation of Marshall Specimens
Marshall specimens are made according to
(ASTM D6926—-10) [23], a diameter of (101.5) mm
and a height of (63.5) mm. Open-graded asphalt
mixture was equipped by blending aggregates with
five different asphalt binders (4, 4.5, 5, 5.5 and 6%).
Aggregates, cement filler and asphalt were blended in
a steel container. The mold assembly was placed on
the compaction base and 50 blows were applied on
the top and the bottom of the specimen with a
specified 4.535 kg compaction hammer, which sliding
weight and a free fall in 18 in (457.2 mm). The
specimen is leaved in the mold to cool at room
temperature for 24 hours, then it is extracted from
the mold using a mechanical lever. The weight of the
sample is 1200 gm. Figure (2) show some of the
prepared specimens.

i\“ o
’) " : :-' '_?-
Figure (2): Some of the Prepared Marshall
Specimens
5. Mixing and Compaction Temperature
The Asphalt Institute [24] recommends that the
laboratory mixing and compaction temperatures for
asphalt binder should be determined where the
viscosity-temperature line crosses the viscosity ranges
of 0.17 £ 0.02 Pa-s (mixing temperature range) and
0.28 £ 0.03 Pa-s (compaction temperature range).
Rotational viscometer (RV) or Brookfield viscosity is
used to determine the viscosity of the asphalt binder
at two temperatures (135° C and 165 °C) to ensure
that the asphalt binder has a sufficient fluidity for
pumping and mixing. The results display that the
temperature of mixing approximately (155 °C), and
temperature of compaction approximately (144°C).
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6. Optimum Asphalt Content Selection
Five different percentages of asphalt contents (4,
4.5, 5, 5.5 and 6 %) are used to find the optimum
asphalt content using Marshall mix design method
according to ASTM (D7064-13). Figures (3) to (7)
show Marshall mix design curves for optimum
asphalt content and it is found (5.2 %), it is
determined by averaging the values shown below:
® Air Void: The best value of the bitumen content is
(5) %.
® Cantabro Abrasion Loss: The best value of the
bitumen content is (5.5) %.
® Draindown: The best value of the bitumen content
is (5) %.
® Permeability: The best value of the bitumen
content is (5) %. The optimum asphalt content
(5.2%) will be used for the control mix and modified
mixes with SBS.
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Figure (3): Relationship between air voids and
asphalt content
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Figure (6): Relationship between draindown and
asphalt content for un-aged samples
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Figure (7): Relationship between permeability and
asphalt content

7. Properties of Open-Graded Asphalt
Concrete Mixtures
® Air Voids (Va)%

The percentage of air voids were calculated for
compacted open-graded mixtures according to test
method ASTM (D3203-11) and (D 7064-13). The
percentage of air voids is determined by using the

following equation.

Va =100 x (1 — <22y
Gmm

Where:
Va = percentage of air voids,
Gmb = Bulk specific gravity, of the compacted open-
graded pavement mixtures, were determined using
the geometric measurements of specimens, according
to the ASTM test method (D3203-11),
Gmm = Theoretical maximum specific gravity, of the
un-compacted mixtures, were determined according
to (ASTM D2041-11).
e Cantabro Abrasion Loss

According to (ASTM D70064-13), the Cantabro
abrasion loss test is carried (un-aged and aged
samples) and the purpose of this test is to determine
the abrasion resistance of the Marshall compacted
sample. The specimens for each binder content were
divided into two groups of three so that the average
void content was similar for each group. One group
was tested in the unaged condition using the Los
Angeles machine test method (ASTM C131-14) and
the other was aged for 7 days at 140°F (60°C). After 7
days, the aged group was allowed to cool at room
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temperature for 24 hours before the test. To measure
the abrasion resistance of the open-graded specimens,
the initial mass of a sample was measured and then
the sample was placed in a clean LA Abrasion drum
without any steel charge at 300 pm at a rate of (30-33)
tpm at 77 °F (25 °C). After 300 revolutions, the
specimen was taken out from the drum, brushed and
then weighed again.

Figure (8) illustrates specimens before and after
abrasion loss test (before and after test). Abrasion
loss was calculated using Equation. Where Ai and Af
are the initial and final masses of the specimen,

respectively.
Ai-Af

Abrasion loss % =

N Ry :
Figure (8): Specimen before and after Loss test

® Draindown Test

According to (ASTM D6390-11) un-compacted
samples were prepared (the mass of the sample is
1200 £ 200 g) so that the maximum permissible
draindown should not exceed 0.3 %. Then, it is
placed the in the oven at the temperature that
anticipated plant production temperature as well as
150°C for one hour * 5 min. After the specified time,
it was removed from the oven and cooled to room
temperature, as shown in Figure (9). The draindown
percentage is calculated using the following equation:

Draindown % = g x 100 ....... 3

Where:
A= mass of the empty wire basket gm,
B= mass of the wire basket and sample gm,
C= mass of the empty catch plate gm, and
D= mass of the catch plate plus drained material gm.

| RN > 3
Figure (9): Asphalt Draindown test
8. The Experimental Tests
e Hydraulic Conductivity Test (Permeability)
Permeability is one of the most important
features used in the evaluation of the open-graded
asphalt mixtures. The minimum coefficient of
permeability of the asphalt is 100 m / day (accotding
to the NCAT report and ASTM D7064-13). In this
research, the falling-head test apparatus was used to
determine the rate of flow water, conducted through
the Marshall specimen. Figure (10) shows apparatus.
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The coefficient of permeability (K) of the compacted
paving mixture was calculated based on Darcy’s law,
using the following equation:

a.l h1
K = ﬂln In (E

) x te
Where:

k= coefficient of water permeability, cm/s

a= inside cross-sectional area of inlet standpipe,

1= thickness of test specimen, cm,

A= cross- sectional area of test specimen, cm?,

t= average elapsed time of water flow between timing
marks, sec.,

h1= hydraulic head on specimen at time t1, cm,

h2= hydraulic head on specimen at time t2, cm,

In = natural logarithmic function and

tc= temperature correction for viscosity of water

P

ez T

Figure (10): Hydraulic conducvity apparatus

e Indirect Tensile Test (IDT)

Indirect tensile test (IDT) is utilized to evaluate
the resistance of moisture susceptibility of asphalt
mixture when results are obtained on both moistures
conditioned and unconditioned specimens according
to AASHTO T-283. Marshal hammer was used for
compacted two groups of specimens for each
percentage of asphalt binder. After compaction of the
first three samples without any conditioning, which
wete considered as (dry un-conditioned samples) and
other three samples were subjected to vacuum
saturation followed by an optional freeze cycle.
Figure (11) exhibits details of the indirect tensile test.
Indirect Tensile Strength (ITS) was calculated using
the following equation:

ITS = 2000 P
mtD

Where:

ITS = indirect tensile strength, kPa

P = maximum load to failure, N

D = diameter of specimen, mm

t = thickness of specimen immediately before test,
mm

Then the following equation is used to calculate the

ratio of the indirect tensile strength (TSR).
TSR = ST (conditiones samples)

ST (control samples)
Where:

TSR= indirect tensile strength ratio, %

ST (control samples) = average of the indirect tensile
strength of dry un-conditioned, kPa ,and

ST (condition samples) =average of the indirect
tensile strength of wet conditioned, kPa.
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Leading strip

12.7 mm wide

Load

Figure (1): Details of indirect tensile test

9. Results and Discussions
e Effect of SBS polymer on Air Voids

Figure (12) explains that the addition of the SBS
polymer to mixture causes a reduction in air voids.
The results indicated that the air voids of the
specimens containing (2, 3, and 4%) Styrene
Butadiene Styrene (SBS) is decreased by (1.7, 3, and
3.5%) respectively.

24 | 202 198 1961 195
20
2 16
>
=12
S 8
4
0
AC5.2% SBS2% SBS3% SBS4%

Figure (12): Effect of the SBS polymer on Air voids

e Effect of SBS polymer on Cantabro Abrasion

Loss

The SBS polymer offered an important effect on
the abrasion loss aging and un-aging of the modified
open-graded mixtures. Generally, increasing the
percentage (SBS polymer) leads to a decreasing in
abrasion loss aging and un-aging. For example,
(4.0%) SBS causes aging and un-aging to decrease by
(11.2%) and (10.9%) from original, as shown in
Figures (13) and (14).

19 | 18.76

18

,_\
b @
o o1

17.51

Abrasion %
-
~
[8;]

16.71

H
= 9@ 1
o v~

155

-
(8]

AC5.2% SBS2% SBS3% SBS 4%

72

Figure (13): Effect of SBS polymer on un-aged
samples

29
28
27
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Figure (14): Effect of SBS polymer on aged samples

e Effect of SBS polymer on Draindown

In the case of the (2%, 3%, 4%) SBS adding for
asphalt binder, the value of the draindown is
decreased by (16.5%, 38.25%, and 43.51%)
respectively, as presented in Figure (15).

03 0.285
0.238

© 0.25 0.176
S
< 0.15
S
0 o1

0.05

0
AC 52% SBS2% SBS3% SBS4%

Figure (15): Effect of SBS polymer on Draindown

e Effect of SBS polymer on Permeability

The falling head test method was used to assess
the permeability of open- graded asphalt. Most
researches and specifications specify the permeability
coefficient to a maximum value of 100 m/day
(ASTM D7064-13). The addition of SBS polymer
(2%, 3%, 4%) leads to reduce the coefficient of
permeability, it is decreased by (1.42%, 2.1%, and
4.2%) respectively from the control asphalt mix
value, as shown in Figure (16).
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Figure (16): Effect of SBS polymer on Permeability
e Effect of SBS polymer on Indirect Tensile

Strength Test (ITS)

Figures (17) and (18) show the results of the value
of the indirect tensile strength TS dry) at
temperature 25 °C and the results of the value of the
indirect tensile strength (ITS wet) at temperature 60
°C respectively. It can be seen that the loss in ITS for
modified mixtures is lower than unmodified mixtures.

On the other hand, Figure (19) illustrates the
relationship between the indirect tensile strength ratio
(TSR) and the content of the SBS additive. The value
was (70.26%) for the open-graded asphalt mixture,
then the ratio rises by (84.58% and 87.8%) for the
SBS polymer content (3.0% and 4.0%) respectively.
In the case of (2.0%) SBS polymer, the TSR values of
the mixture did not show any obvious difference.

800 713

618 655

538

AC52% SBS2% SBS3% SBS4%

Figure (17): Effect of SBS polymer on ITS (Dry
condition) @ 25°C

700
600
500

626
554

g 40

ITS, kPa
N
S
IS)

w
o
o

200
100

AC52% SBS2% SBS3% SBS4%

Figure (18): Effect of SBS polymer on ITS (Wet
condition) @ 60°C
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Figure (19): Effect of SBS polymer on Tensile
strength ratio

e Effect of SBS polymer on Marshall Stability

and Flow

Three open-graded asphalt mixtures specimens of
unmodified and modified binders were prepared at
the optimum asphalt content of 5.2% to determine
Marshall properties. From Figure (20), it can be seen
that the addition of SBS polymer at (2, 3 and 4 %)
increases Marshall stability by (9.3, 18.7, and 31.1%)
of the control asphalt content, respectively. While a
decrease in flow value was observed with the addition
of the same SBS polymer content by (15.5, 22.2, and
26.6%0) respectively, from the control asphalt content,
as can be seen in Figure (21).

6 573

5.19
4.78

4.37

N W B~ o,

Marshall Stability, kN

[y

AC5.2% SBS2% SBS3% SBS4%

Figure (20): Effect of SBS polymer on Marshall

stability
S5
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4 3.5 3.3
£
g3
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T 2
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AC52% SBS2% SBS3% SBS4%

Figure (21): Effect of the SBS polymer on flow

10. Conclusions

1- Comparing with traditional open-graded
asphalt mixture, the air voids is decreased as SBS
content increased, it can be attributed to the SBS
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increment leads to increasing the asphalt film
thickness around the aggregate particles leading to
voids filling between aggregate particles.

2- Draindown results show an improvement after
incorporating SBS polymer. It is means that SBS
increases the asphalt viscosity and enhance the
adhesion between asphalt and aggregate particles in
the mix.

3- Cantabro abrasion loss is decreased for
mixtures containing SBS polymer in comparison to
traditional open-graded asphalt mixtures that means
SBS increases the bond between asphalt and
aggregate particles.

4- Permeability coefficient is decreased slightly
when increasing SBS polymer content, it can be
attributed to decreasing air voids leading to reducing
the porosity.

5- Marshall stability is increased after addition to
SBS polymer means that modified mixes showed an
improved strength, high stiffness and had a beneficial
effect to bond aggregates together compared to the
control mix. Whereas, the decrease in flow value is
observed with the addition of this modifier.

6- The indirect tensile strength ITS for modified
mixtures is higher than control mixtures, indicating
that SBS could stiffen the mixture and increase its
strength against moisture effect. Also, it is observed
that mixtures tested at 25°C having higher ITS
compared to samples tested at 60°C, it may due to
high temperature reduces the viscosity and cohesion
of the binder result in poor tensile strength.

7- Tensile Strength Ratio (TSR) is generally
increased; it reaches the maximum value up to 87.8%
at 4% SBS. However, most mixtures with SBS are
satisfied with the 80% specification
requirements.

minimum
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