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Effects of RAP Pretreatment Methods on Durability and Carbon Reduction in High-
Proportion Plant-Produced Hot-Recycled Asphalt Mixtures
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Abstract: To address the poor performance of plant-produced hot recycled asphalt mixtures with high recycled
asphalt pavement (RAP) content, this study employed a refined separation technology to treat RAP materials.
The effectiveness of this technology in enhancing the durability of high-RAP-content recycled asphalt mixtures
was verified through trial pavement construction and performance testing. In addition, the carbon reduction
potential as well as the economic and social benefits of the refined separation technology were analyzed. The
results demonstrate that the refined-separation recycled asphalt mixture performs significantly better than
conventional crushed-and-screened recycled asphalt mixtures in terms of water-temperature cycling resistance,
long-term aging resistance, high-temperature and moisture damage resistance, and fatigue resistance, while
exhibiting comparable durability to virgin asphalt mixtures. From an economic and social perspective, the total
cost of refined-separation recycled asphalt pavement decreases by 33% and 50% compared to conventional
crushed-and-screened recycled asphalt pavement and virgin asphalt pavement, respectively. Furthermore, its
energy consumption and carbon emissions decrease by 25% and 32% compared to virgin asphalt pavement, and
by 25% and 24% compared to conventional crushed-and-screened recycled asphalt pavement. This technology
not only achieves significant energy conservation and emission reduction but also substantially enhances the

durability of high-RAP-content recycled asphalt pavements.
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Table 1 Extraction and sieving results of RAP with different crushing and screening methods

; RAP/ 38 3L R F0 0 AL (mm) 9 5 5 5 4R/ % WA/
e mm 16.0 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15  0.075 %
e 0~8 99.9 98.2 77.8 424 28.5 21.7 15.1 1.1 9.4 7.6 3.32
i 43 8~15  100.0 97.6 78.1 42.8 29.5 23.0 15.9 10.8 8.6 6.8 4.95
. 0~5 100.0  100.0  100.0  93.1 66.9 52.1 36.0 23.6 18.6 14.6 5.51
%émﬁf\ﬁ%*}z 5~10  100.0  100.0  100.0 156 9.2 8.3 6.8 5.6 4.7 3.8 1.91
10~15  100.0 91.6 32.6 9.2 7.7 6.7 5.5 4.3 3.2 2.6 1.80
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Table 2 Technical specifications of new asphalt
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Table 3 Composite gradation of recycled asphalt mixtures with different pretreatment methods
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Table 4 Performance indicators and regeneration rate ( ¢)

of asphalt with different content of high-permeability

warm rejuvenator
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Figure 1 In-situ temperature of asphalt mixtures
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Figure 2 Freeze-thaw splitting strength ratio of asphalt

mixtures under water-temperature cycling
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Figure 3 Fracture energy percentage of recycled asphalt

mixtures under different aging cycles
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Figure 5 Fatigue test results of asphalt mixtures
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Table 5 Results of surface layer tests
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Figure 6 Cost comparison between plant-produced
hot-recycled and conventional hot-mix asphalt

mixtures (per 100 m® pavement)
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