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MSCR b3l s (s > N Jsix

i R100 R3200 Jnr100 Jnr3200 Inr-diff
= % % kPa-1 kPa-1 %
GONO 6.0 4.8 35 - -
GON2 26.3 21.0 2.18 3.27 50
GON4 26.8 21.4 2.01 3.015 50
GONG6 29.1 23.3 1.9 2.85 50
G3NO 325 26.0 1.95 2.805 43.8
G3N2 345 27.6 1.65 1.94 17.58
G3N4 46.3 37.1 1.56 1.7 8.97
G3N6 479 38.3 1.35 1.55 14.81
G5NO 52.2 41.8 1.4 1.45 3.57
G5N2 39.65 31.72 1.31 1.63 24.43
G5N4 37.2 29.76 1.22 1.71 40.16
G5N6 50.47 40.376 1.1 1.54 40.00
G7NO 48 38.4 1.19 1.6 34.45
G7N2 54.84 43.872 1.03 1.3 26.21
G7N4 51.23 40.984 0.87 0.97 11.49
G7N6 58.95 47.16 0.7 0.92 31.43
Ko gla )y Y g
B Co Cl C2
GONO 1 0.058 0.544
GON2 1 0.061 0.557
GON4 1 0.066 0.447
GONG6 1 0.064 0.460
G3NO 1 0.616 0.420
G3N2 1 0.086 0.400
G3N4 1 0.100 0.390
G3N6 1 0.120 0.380
G5NO 1 0.132 0.372
G5N2 1 0.148 0.357
G5N4 1 0.144 0.365
G5N6 1 0.158 0.34
G7NO 1 0.153 0.35
G7N2 1 0.165 0.33
G7N4 1 0.160 0.336
G7N6 1 0.180 0.31
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Lk goi (o jor gl A Jgur

b 3 2.5% Nf 30% Nf
GONO 1768 0.4
GON2 4900 0.6
GON4 5600 0.7
GONG6 8600 0.94
G3NO 9800 1
G3N2 11300 1.2
G3N4 12800 1.4
G3N6 13670 1.5
G5NO 14200 1.8
G5N2 14600 2
G5N4 15600 2.1
G5N6 16460 24
G7NO 17800 2.6
G7N2 17980 2.76
G7N4 19000 2.8
G7N6 20900 2.98
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B PG ey a3 MSCR sy a5
GONO 58-22 588-22  52H-22 - - -
GON2 70-16 70S-16  64S-16 58H-16 52V-16 -
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1-Nano Sio,

2-Rotational Viscosity

3-Dynamic Shear Rheometer

4-Multiple Stress Creep Recovery
5-Bending Beam Rheometer

6-Linear Amplitude Sweep

7-Stone Matrix Asphalt

8- Four Point Beam Fatigue

9- National Cooperative Highway Research Program
10- Visco-Elastic Continuum. Damage
11- Viscosity Temperature Susceptibility
12-Performance Grade
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ABSTRACT

This research investigates the way nano-silica (NS) and Gilsonite additives affect the
performance behaviors of asphalt binders and SMA mixtures. A 60/70 type of asphalt
binder, Gilsonite (0, 3, 5, and 7% by the weight of asphalt binder), and nano-silica (0, 2, 4,
and 6% by the weight of asphalt binder) are utilized. The physical and rheological
behaviors of modified asphalt binders are evaluated by rotational viscosity (RV), dynamic
shear rheometer (DSR), multiple stress creep recovery (MSCR), bending beam rheometer
(BBR), and linear amplitude sweep (LAS) tests. The performance properties of mixtures
are evaluated by the application of four-point bending (FPB) fatigue, resilient modulus
(Mr), indirect tensile strength (ITS), dynamic creep, and wheel track tests. In order to
analyze the data statistically, a two-factor analysis of variance (ANOVA) is evaluated. The
rheological behavior test outcomes depicted that Gilsonite utilization and NS additives
enhance the rutting and fatigue resistances of asphalt binders. Gilsonite utilization
decreases the low-temperature resistance of asphalt binders, while NS improves that.
Storage stability test outcomes reveal that Gilsonite utilization enhances the storage
stability of asphalt binders. Also, the application of NS leads to enhance phase separation.
The MSCR test results demonstrate an enhancement in the high-temperature performance
of virgin asphalt binder at different levels of stress by adding Gilsonite and NS. Moreover,
NS utilization enhances the rutting resistance of samples. Based on the LAS test, Gilsonite
utilization and NS additives enhance the fatigue properties of asphalt binder.

Keywords: Asphalt, Nano-silica (NS), Gilsonite; MSCR, SMA; Fatigue, LAS
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