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ABSTRACT: An increase in traffic volume accompanied by an increase in axle load will induce higher
stresses in pavement structures as a result early failure of the asphalt surface layer of pavement structures
is observed. In the past two decades, modification of bitumen with polymeric materials has become

evaluation and classification of neat bitumen as well as the linear amplitude sweep (LAS) test suggested  Keywords:

for modified binders are conducted in this study. Dynamic shear rheometer (DSR) test results indicated .

that modification of neat bitumen with SBS, SBR, and LDPE polymers improved rutting index and .
. . . . . Polymer additives
increases high performance temperature of binders by three levels. Also, Sasobit reduced the rotational

viscosity of polymer-modified binders and increased the high performance temperature of SBS-modified Performance graded
binders by one level. In addition, results of the BBR test showed that these additives did not have a

positive effect upon the low-performance temperature of the modified binders. A comparison of fatigue

Binder fatigue

Linear amplitude sweep test
performance of polymer modified binders based on the LAS test results also showed that SBR polymer

had the most effect on increasing the fatigue life of the base binder. Besides, Sasobit increased the fatigue

life of polymer-modified binders at high strain levels.

1. INTRODUCTION

Fatigue cracking and rutting are two of the most important
failures caused by repeated loading in asphalt pavements
[1]. Since that asphalt binders play an important role in the
performance of asphalt mixtures, many studies have focused
on evaluating the rheological properties of asphalt binders
and improving their performance using various additives [2].
Polymer-modified binders are one of the common methods to
achieve this goal.

Styrene-butadiene styrene (SBS) is one of the most
important polymer modifiers which is widely used in the
asphalt industry. Along with many benefits, the disadvantage
of SBS is its thermal instability and thermal oxidation at
high temperatures which reduces the life span of asphalt
pavement[3]. Besides, the high price of SBS is comparable
to other polymer additives, such as styrene-butadiene rubber
(SBR) and low-density polyethylene (LDPE). Therefore,
SBR and LDPE, which are cost-effective additives and
produced in local companies are used in this study to evaluate
their efficiency compared to SBS polymer.

The main purpose of this study is to investigate the
effect of SBS, SBR, and LDPE polymer modifiers on the
rheological properties of bitumen. In this study, in addition
to the conventional Superpave tests, additional test (PG") that
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introduced by FHW have also been used. Furthermore, the
effect of Sasobit on the characteristics of polymer-modified
binders has been investigated. To evaluate the fatigue
behavior of asphalt binders, a linear amplitude sweep (LAS)
test was performed.

2. METHODOLOGY AND TESTING
2.1. Bitumen modification

In this study, the neat 85/100 penetration bitumen of
Jey oil refinery, Isfahan, Iran, was used as a base binder.
According to previous studies, 6.5% SBS, 7.5% SBR, and
7.5% LDPE were used to prepare polymer-modified binders.
Also, to reduce the viscosity of polymer-modified binders,
2.5% Sasobit was used.

2.2. Testing program

In this study, the rotational viscometer (RV), dynamic
shear rheometer (DSR), bending beam rheometer (BBR), and
linear amplitude sweep (LAS) tests were performed. The RV
test was performed at temperatures of 135 °C (standard test
temperature) in accordance with AASHTO T316 [4]. Also,
the DSR test was performed according to AASHTO T315 at
a frequency of 10 rad/s [5]. LAS tests were performed on
PAV-aged binders at 25°C in accordance with AASHTO
TP101 [6]. The validation of this test has been proven by
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Fig. 2. Rutting parameter for RTFO-aged binders

many researchers to evaluate the performance of the binder
against fatigue cracking [7]. Analysis of LAS test results was
performed using viscoelastic continuum damage (VECD)
theory. The fatigue life of asphalt binders is also calculated
by Eq. (1). .,
N, =A4(Va) (1)
3. RESULTS AND DISCUSSION
3.1. Performance graded of asphalt binders

Figs. 1 and 2 show the effect of additives on PG upper
temperature of asphalt binders. As can be seen, the high-
temperature performance of neat bitumen has increased for
both un-aged and RTFO-aged binders. With the addition of
7.5% LDPE, the PG upper temperature of neat bitumen for
un-aged binder has risen from 58 °C to 82 °C. Also, SBS and
SBR modified binders, satisfied Superpave requirements at
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76 °C. In addition, Sasobit leads to an increase in the G*/sind
parameter, resulting in improved polymer modified binders at
high temperatures.

Based on the results of Superpave tests, performance
grades of asphalt binders are shown in Table 1. Polymer
additives improved the high-temperature performance of
the base binder by three grades. Also, 2.5% Sasobit was able
to increase PG upper-temperature SBS modified binder by
one grade. However, Sasobit did not have a positive effect
on the low-temperature performance of polymer-modified
binders.

3.2. LAS test results

The value of parameters of 4 and B are shown in Table 2.
Also, fatigue lives of asphalt binders, which were calculated
using Eq. (1) at strain levels of 2.5, 5, and 10%, are presented
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Table 1. Performance grade for asphalt binders

Binder sample PG
Base binder PG 58-22
6.5% SBS PG 76-16
7.5% LDPE PG 76-10
7.5% SBR PG 76-10
6.5% SBS+2.5%S  PG82-10
7.5% LDPE+2.5% S PG 76-10
7.5% SBR+2.5%S PG76-10
1.0E+06
3 1.0E+04 =53
b == #
= =+
= - +
o —
Z =4+
2 1.0E+02 = 04
o ’ - +
4 N7
g HZES
WM =t
WoH gy *
1.0E+00 ] =+
25
M Base Binder 11,287
[0 6.5% SBS 17,071
B 6.5% SBS + 2.5% SASO 12,212
[47.5% LDPE 14,075
E7.5% LDPE + 2.5% SASO 13,307
B7.5% SBR 18,432
[7.5% SBR + 2.5% SASQ 15,584

Table 2. VECD analysis parameters

Binder sample A parameter B parameter

Base binder 2.15x10° 322
6.5% SBS 8.79 x 10° 4.30
7.5% LDPE 7.15 x10° 4.29
7.5% SBR 6.4 x10° 3.87
6.5% SBS +2.5% S 4.84 x 10° 4.02
7.5% LDPE +2.5% S 9.7 x 10° 4.68
7.5% SBR +2.5% S 3.55 x10° 3.41
=
*
m— P: — b
4 — L
= =
4 +
1 =+
4 +
— —
4 *
— il —f
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Fig. 3. Fatigue lives of asphalt binders

in “Fig. 3”. At a strain level of 2.5% and compared to the base
binder, the fatigue life of asphalt binders modified with SBS,
LDPE, and SBR increased by 51, 25, and 63%, respectively.
Binder samples containing 7.5% SBR have the highest fatigue
life at strain levels of 2.5 and 5%.

The effect of Sasobit on the fatigue performance of
polymer-modified binders is also significant. At low strain
levels Sasobit reduced the fatigue life of asphalt binders
containing SBS, LDPE, and SBR by 28, 6, and 16%,
respectively. However, as shown in “Fig. 3” at high strain
levels, Sasobit increased fatigue life of asphalt binders
modified with SBS and SBR.

4. CONCLUSION

The main objectives of this study are as follows:

- Polymer additives increased the rutting resistance of
the base binder. The highest value of rutting parameter was

related to binder sample modified with 7.5% LDPE.

- Polymer additives had no positive effect on the low-
temperature performance of the base binder.

- The fatigue life of asphalt binders increased at a low
strain level compared to the base binder. The highest fatigue
life was related to binder containing 7.5% SBR, which
increased by 63% compared to the base binder.

- Sasobit improved the high-temperature performance of
polymer-modified binders.

- The effect of Sasobit on fatigue performance of asphalt
binders at various strain levels had been different.

- Comparison of the performance of polymer additives
used in this study showed that in terms of high-temperature
performance, LDPE polymer modified binder had better
performance than SBS polymer. Besides, fatigue performance
of SBR modified binder had been better compared to SBS
polymer at both low and high strain levels. Therefore, the use
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of SBR and LDPE polymers instead of SBS polymer was both
economical and a good option for improving the performance
characteristics of asphalt binders.
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Table 4. Properties of LDPE used in this study
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Table 5. Properties of sasobit used in this study
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Table 2. Properties of SBS used in this study
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Fig. 1. Additives used in this study; a) SBR polymer, b) SBS polymer, ¢) LDPE polymer, d) sasobit
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Fig. 2. Penetration grade for asphalt binders

Sw poe g plol (VECD) Sita¥lsSing dtwgn slalas
IYF] el ons aalons (V) alad, 5l oolial b 18 sladiges

-B

Nf:A(ymax) (\)

AW Vimax 8 gloaises (Sows joe Np aal, ol o

Oinlesl s o 5l as swn sla el B g4 g 13,5 aals
2 8 (St Sleogas 00 chuogi A el )b o e sy
Ol s 4 18 Gl e 0 B el )b .ol LAS ol

Ao i3, S

ey g bs -F
Pyl sloiale;l bl -)-f

» el QL@.LA)'T s byl g owyp o Gl
gl S5l Srenh Gl g sreh oud Mol sla S
slodises 59, 2 oyls slaiale;l pll 5l Gan ogi oo axsls 5
el 00l 2ol o 8 (PG (65,5 ax 0 (yund 8
78 sy Abl 5 S9hi 4250 Lo giog8l 55k VA -F

N RS I STIEI P15, B RPN [
5 ¥ S el o @) oy 2ol (gl yed sl oy alais
Dol oo oddline a5 jebylen oo oo HLi 1) dek5 Az o Sinlesl
e SIS 5 398 a5 5 perky (slagogl 08, a1 L
L LY 5l e b 58 A jeSians o pess (ol cnl o

o3gu50 ;0 | 5B (Sujalsh) Dluogas s S enl Jo 4 (SINd
S )8 Wil ed S oo oIl (at SVl
@97 @) Groeh oud Mol slayd ogas 4 23 ladiges
Gld, Kiwd omay a5 el Jb> o ool I¥e] ws b))
oladgod s o B,k 5l o)l Jad e ale 5 odsmy
S 0 Shoe b (995 (Ko Jl)l (pl &5 aams oo las
Sl ialeyT som Sldlas opl b [¥V] 5 los el slalogli
oS jlosliinl b 23 (S o Slos (o) 2 yohaie 40 (G0
ilos S oleriny (Sesld Ap S,
sjlaiel b sllae (LAS) o3 als og)l> iolejl
Gladiges Swd joe S ekaie 4 9 101-AASHTO TP
DSR olws 3l oslital b ialoyl ol [¥Y] ol onis slpiany 3
LAS ralejlogis oo plonil yo hoe A LB L 123 slaaisai 5, 25
s9he a4 (ol gl stalesT Jgl b o ool al e 5 fuls
S 3 I3 58 (Soidls; Sleogas o)l Sledbl (05l cewsy
DY el (25,5 S s 6 N5,k el el ) sl ond >k
SRR K 2 SR NPRY7 Y/ 0V YL SRVLRPIPNEIL R ARV
(G55 ol talesl pos alye o 055 oo plosl 5,0 Yo 5 Y
3 9 se Jloel 73 diged 59, Fpm Ve Zol W5 0 IS L
Vol gt Ojgar i) aials al>ye
5 slodises g5, p LAS (ualefl iagsy ol o [¥Y] al e
(@l 8 Sl sled) ol 5 bl a0 YO sles jo g PAV ous sy

R LIRS P Ty

b st 5 ealiial LLAS Lislojl s Lelow ol o plon

yyay



YFeY B YYAY dxbo MY - JL“’ A o)l.ow: HY 0)9 ‘)A_{).:.AI ul)o.c u»o.b.e(e du).mJ

120

100

Softening point (C)

dex Bs
0Ny /o
B ge 5 S?’

80

60

40

20 I
0

DY@ o/o o SB“ /o S
65 7 per2 g5 GBR* 22
627 &%

s°/°

78 diged gl o0y bl s .Y S
Fig. 3. Softening point for asphalt binders
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Table 6. Effect of additives on temperature susceptibility of asphalt binders
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Fig. 4. Effect of additives on rotational viscosity of asphalt binders
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Table 7. PVN index results
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Fig. 5. Rutting parameter for un-aged asphalt binders
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Fig. 6. Rutting parameter for RTFO-aged asphalt binders
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Fig. 7. Stiffness results for PAV-aged asphalt binders
——o— Base Binder SBS6.5% LDPE7.5%
ceex:eo- SBR7.5% e == SBS6.5%52.5%  :-~4--- LDPE7.5%S2.5%
=\ = SBR7.5%52.5%
0.36
0.34
0.32 //-3§
o N /‘A
E 030 0000 meem—emme—m——-——-o e I P
g '%;(/ m-value = 0.3
= 028 e k. T
B Seneett Pt
0.26 P
L
0.24 ¥ .-
&
0.22
-12 -6 (]
Temperature (°C)
PAV o0l yuy 8 sddigos gl m-value ylogoi A JSC&
Fig. 8. M-value results for PAV-aged binders
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Table 8. Performance grade for asphalt binders
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PG 58-22 - INTIN £V-YY Base binder
PG 76-16 VO/AY Ve oYY A4 6.5% SBS
PG 76-10 AT ayivy YA-\Y 7.5% LDPE
PG 76-10 A1 -/ ve-\f 7.5% SBR
PG82-10 VE/f A/ AF-V ¥ 6.5% SBS +2.5% S
PG 76-10 #IN U/YY YA-\Y 7.5% LDPE + 2.5% S
PG 76-10 OIAN Y Yy-\Y 7.5% SBR +2.5% S
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Table 9. A and B parameters based on VECD analysis

B )l A gl 2 Lyl
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AR FIAEX Y-8 6.5% SBS +2.5% S
fI5A q/YXx -8 7.5% LDPE +2.5% S
Y/ YIOOX Y -8 7.5% SBR +2.5% S
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