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Source DF Adj. SS Adj. MS F-value  P-value
NC 5 64168817 22058773 5585.46 0.000
SBR 5 3653149 1791531 519.82 0.000

Binder type 2 643961 249521 100.4 0.000
Interaction 20 212998 32759 8.64 0.000
Error 15 93249 2961
Total 35 67038103

Note: MS, mean square; DF, degrees of freedom; SS, sum of squares
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Source DF Adj. SS Adj. MS F-value P-value
NC 5 38.6886 12.8944 410.72 0.000
SBR 5 1.3095 0.6248 18.8 0.000
Binder type 2 0.834 0.245 3.45 0.000
Interaction 20 0.1899 0.0320 1.02 0.460
Error 15 0.7668 0.0318
Total 35 40.9168

Note: MS, mean square; DF, degrees of freedom; SS, sum of squares.
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Source DF Adj. SS Adj. MS F-value  P-value
NC 5 96889428 32813184  4115.34 0.000
SBR 5 4315842 2218468 272.88 0.000

Binder type 2 2568123 934679 98.23 0.000
Interaction 20 1887692 289976 38.45 0.000
Error 15 191862 8069
Total 35 101961494

Note: MS, mean square; DF, degrees of freedom; SS, sum of squares.
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Source DF Adj. SS Adj. MS F-value  P-value
NC 5 57189952 32162451 7593.13 0.000
SBR 5 2673869 1492424 259.31 0.000

Binder type 2 1169384 743769 95.19 0.000
Interaction 20 213289 29975 9.14 0.000
Error 15 93284 3942
Total 35 64149054

Note: MS, mean square; DF, degrees of freedom; SS, sum of squares.
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Source DF Adj. SS Adj. MS F-value  P-value
NC 5 96829155 328124175  4115.32 0.000
SBR 5 4315802 2218372 273.88 0.000

Binder type 2 3484679 1924812 103185 0.000

Interaction 20 1697293 298592 38.55 0.000
Error 15 191964 254352 25.2 0.000
Total 35 101961494

Note: MS, mean square; DF, degrees of freedom; SS, sum of squares.
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ABSTRACT

Nanomaterials have indicated a hopeful capacity in improving the behavior of pavement. As hot mix
asphalt is a viscoelastic material, several distresses were occurred during their life time. Furthermore,
steel slag was used to enhance the properties of mixture because of its outstanding physical properties.
This research evaluated the effect of nanoclay and Styrene Butadiene Rubber (SBR) on performance
behavior of bitumen and high and intermediate temperature performance of SMA mixtures containing
steel slag aggregate. Through this paper, the AC-60/70 and AC-85/100 penetration grade bitumen’s
were used as base bitumen. Moreover, SBR (0%, 2%, 4%, 6%, 8% and 10% by weight of binder), and
nanoclay (0%, 1%, 2%, 3%, 4%, and 5% by weight of binder) were used as a mixture modifier. For
evaluating the performance behavior of bitumen, the rotational viscosity, Dynamic Shear Rheometer
(DSR), and Bending Beam Rheometer (BBR), Multiple Stress Creep Recovery (MSCR), and linear
Amplitude Sweep (LAS) tests were implemented. Moreover, Resilient Modulus (Mr), Indirect Tensile
Strength (ITS), dynamic creep, wheel track, and Four Point Beam Fatigue (FPBF) tests were
performed to investigate the performance of mixture samples. To analyze the data statistically, two-
factor analysis of variance (ANOVA) is evaluated. The rheological behavior test outcomes showed
that the utilization of NC/SBR additive results in an enhancement in the rutting and fatigue resistance
of binders. The utilization of NC decreases the low-temperature resistance of binders, while SBR
improves the bitumen’s low-temperature resistance. Storage stability test outcomes reveal that
utilization of NC enhances the storage stability of binders. Also, the application of SBR leads to
enhance phase separation. The MSCR test results demonstrate an enhancement in the high-
performance temperature of the virgin binder at different stress levels by the addition of NC/SBR.
Moreover, the utilization of NS improves the rutting strength of samples. Based on the LAS test
outcomes, the utilization of NC/SBR additives improves the fatigue properties of the asphalt binder.
The mixture test results reveal that using NC/SBR increases the permanent deformation resistance,
MR, ITS, fracture energy, and intermediate temperature properties of specimens.

Keywords: MSCR, Nanoclay, Stone Matrix Asphalt, Styrene-Butadiene Rubber (SBR), LAS
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