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okt ol ARBS8 sls 13 sl ANOVA i s ) Jstr

Source Sum of Squares Mean Square F Value p-value
G*/Sind @ 82 °C
Model 2.7 1.35 20.47 0.0178 significant
A-PPA 24 2.4 36.31 0.0092
B-Sasobit 0.3 0.3 14.62 0.012
m-value @ -6 °C
Model 1.54E-03 7.68E-04 22.38 0.0157 significant
A-PPA 9.09E-04 9.09E-04 26.48 0.0142
B-Sasobit 6.28E-04 6.28E-04 18.28 0.0235
Jor,3.2 @ 82 °C
Model 34.96 17.48 23.09 0.0151 significant
A-PPA 3241 3241 42.81 0.0073
B-Sasobit 2.55 2.55 13.37 0.0163
Nf @ 2.5%
Model 5.90E+09 1.97E+09 887.66 0.0011 significant
A-PPA 3.26E+09 3.26E+09 1469.4 0.0007
B-Sasobit 1.79E+09 1.79E+09 809.16 0.0012
G*/Sin(delta) , m-value
a é
05
]
05 0.7 09 11 13 15
A:PPA
15
2 5
o &
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skt 3ol ARB64 sla 15 sl ANOVA Lloni s Y Jjix

Source Squares Sum of Square Mean Value F p-value

G*/Sind @ 82 °C

Model 9.72 4.86 20.49 0.0178 significant
A-PPA 8.53 8.53 35.94 0.0093

B-Sasobit 12 15.04 0.011

m-value @ -6 °C

Model 1.25E-03 6.24E-04 126.99 0.0013 significant
A-PPA 5.76E-04 5.76E-04 117.26 0.0017

B-Sasobit 6.71E-04 6.71E-04 136.72 0.0013

Jor,3.2 @ 82 °C

Model 10.69 5.34 28.83 0.011 significant
A-PPA 10.01 10.01 54.02 0.0052

B-Sasobit 0.68 0.68 13.64 0.0152

Nf @ 2.5%

Model 2.65E+09 8.82E+08 167.52 0.0059 significant
A-PPA 1.01E+09 1.01E+09 191.44 0.0052

B-Sasobit 1.51E+09 1.51E+09 286.15 0.0035

G*/Sin(delta)

B: Sasobit

B: Sasobit

05

os 07 oo 11 13

A: PPA

B: Sasobit
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U 220 PPA 35580 48 e e 0LES Y IS L3 RSM
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ABSTRACT

This study aims to investigate and optimize the combined effects of polyphosphoric acid (PPA)
and Sasobit additives on the mechanical and performance-related properties of rubberized
asphalt binders with ARB58 and ARB64 grades. Using the Response Surface Methodology
(RSM) in conjunction with an extensive experimental program, the simultaneous influence of
PPA, ground tire rubber (GTR), and Sasobit was evaluated under two distinct scenarios. In the
first scenario, asphalt binders with performance grades PG58-22 and PG64-22 were modified
with GTR and PPA, while in the second scenario, the same binders were further modified with
2% Sasobit under warm mix asphalt (WMA) conditions. Key performance indicators, including
G*/sind, m-value, non-recoverable creep compliance (Jnr), and fatigue life, were measured to
assess the effectiveness of the modifiers. The results confirmed the significant role of PPA and
Sasobit in enhancing fatigue resistance and resistance to permanent deformation. Experimental
findings revealed that the incorporation of PPA and Sasobit into the softer binder (ARB58) led
to a substantial improvement in fatigue resistance and thermal performance, particularly under
low strain levels typically associated with thick pavement structures. The developed
RSM-based models demonstrated high predictive accuracy for optimal binder compositions,
with an average error of less than 10%. From a performance-oriented optimization perspective,
the optimal additive contents for ARB58 were identified as 1.49% PPA and 0.97% Sasobit,
while for ARB64, the optimal values were 1.50% PPA and 0.88% Sasobit. These combinations
resulted in increased stiffness, enhanced fatigue resistance, and improved low-temperature
performance. In the economic optimization scenario, reducing the additive contents to
approximately 1.18% PPA and 0.59% Sasobit for ARB58 and 1.16% PPA and 0.55% Sasobit
for ARB64 maintained acceptable performance levels while significantly lowering
modification costs. Overall, this study provides practical and scientific guidelines for selecting
optimal modifier combinations and contributes to the design of durable, high-performance
rubberized asphalt binders tailored to diverse climatic and traffic conditions.

Keywords: Modified Bitumen, Sasobit, Fatigue Resistance, Bitumen Thermal Performance,
Design Optimization
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