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Source Sum of Squares  Degree of freedom  Mean Square ~ F-Value Prob>F Model performance
Model 9.13 9 1.01 11.55 0.0003 significant
A-Fibre 1.18 1 1.18 13.41 0.0044
B-RAP 9.65E-03 1 9.65E-03 0.11 0.7472
AB 2.04E-05 1 2.04E-05 2.32E-04 0.9882
A? 1.25 1 1.25 14.24 0.0036
B? 0.7 1 0.7 7.99 0.018
A’B 1.19 1 1.19 13.51 0.0043
AB? 0.25 1 0.25 2.85 0.1222
A3 0.34 1 0.34 3.83 0.0789
B3 1.20E-03 1 1.20E-03 0.014 0.9091
Residual 0.88 10 0.088
Cor Total 10.01 19
R-Squared 0.9123
Pred R-Squared 0.8333
Adeq Precision 11.727
R-Squared 0.9123
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Source Sum of Squares  Degree of freedom  Mean Square ~ F-Value Prob>F Model performance
Model 11.35 9 1.26 11.3 0.0004 significant
A-Fibre 0.96 1 0.96 8.64 0.0148
B-RAP 0.056 1 0.056 0.5 0.4937
AB 0.027 1 0.027 0.24 0.6327
A? 1.81 1 1.81 16.23 0.0024
B? 0.93 1 0.93 8.36 0.0161
A’B 1.08 1 1.08 9.7 0.011
AB? 0.59 1 0.59 5.33 0.0437
A3 0.13 1 0.13 1.12 0.3147
B3 1.92E-05 1 1.92E-05  1.72E-04 0.9898
Residual 1.12 10 0.11
Cor Total 12.47 19
R-Squared 0.9105
Pred R-Squared 0.8299
Adeq Precision 11.374
R-Squared 0.9105
B3k Il IS T (5ladde gl bty Joow s ¥ Joix
Source Sum of Squares  Degree of freedom  Mean Square  F-Value Prob>F Model performance
Model 14.17 9 1.57 6.85 0.0029 significant
A-Fibre 1.31 1 1.31 5.71 0.038
B-RAP 0.17 1 0.17 0.75 0.4062
AB 4.28E-03 1 4.28E-03 0.019 0.8942
A? 1.94 1 1.94 8.46 0.0156
B? 1.1 1 1.1 4.77 0.054
A’B 2.18 1 2.18 9.5 0.0116
AB? 0.29 1 0.29 1.27 0.2852
A3 0.36 1 0.36 1.57 0.2384
B? 0.085 1 0.085 0.37 0.5569
Residual 23 10 0.23
Cor Total 16.47 19
R-Squared 0.8604
Pred R-Squared 0.7348
Adeq Precision 9.06
R-Squared 0.8604
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ABSTRACT

Asphalt Mixtures containing high percentages of Reclaimed Asphalt Pavement (RAP) often
face challenges in production and compaction, which can lead to micro-cracking and premature
failures. Therefore, it is essential to improve the technical and performance characteristics of
these mixtures. The use of fibers, especially glass fibers, can help enhance fatigue resistance
and crack resistance. The aim of this research is to provide a predictive and optimization model
for the failure characteristics of recycled asphalt with a high percentage of RAP and fibers at
low temperatures using the Response Surface Methodology (RSM). For this purpose, 0.06%,
0.12%, and 0.18% glass fibers were added to asphalt mixtures with different percentages of
RAP, and the fracture energy, total fracture energy, and J-integral were measured at -15 degrees
Celsius. The results showed that glass fibers have a positive effect on the failure performance
of recycled mixtures and can be used as an additive and modifier in RAP-containing mixtures.
Additionally, the modeling results indicated that the developed models have a suitable
capability in predicting the failure characteristics of fiber-containing recycled asphalt in terms
of correlation coefficient and accuracy function. Finally, to maximize the fracture resistance of
asphalt against cracking at low temperatures, optimal values of 0.14% for fibers and 67.3% for
RAP were recommended. Based on the overall results of the research, if the optimal
combination is used, fracture energy, total energy, and the J-integral can increase by 40%, 39%,
and 59%, respectively, compared to average laboratory values, leading to improved pavement
quality and economic savings.

Keywords: Recycled Asphalt Pavement, Glass Fibers, Cracking Resistance, Optimization,
Response Surface Method
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