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Influencing Factors of Road Performance of Bio-inspired Warm Mix
Recycled Asphalt Mixture

YANG Yanhai’, SUN Yi, JINXin, YANG Ye

(School of Transportation and Geomatics Engineering, Shenyang Jianzhu University, Shenyang 110168, China)

Abstract: Through orthogonal experimental design, the air void, high and low temperature performance, and water
stability of bio-inspired warm mix recycled asphalt mixture were optimized, yielding the optimal combination of
parameters. Concurrently, Fourier transform infrared spectroscopy (FTIR) technology was utilized to conduct
analysis of the mechanism by which the bio-inspired warm mix rejuvenator affects the aged styrene-butadiene-styrene
(SBS) modified asphalt. The results indicate that the performance of the warm mix recycled asphalt mixture is
optimized under conditions of a specimen compaction temperature of 130 °C, a reclaimed asphalt pavement (RAP)
content of 50% , and a bio-inspired warm mix rejuvenator content of 4.5%. The incorporation of 4.5% bio-inspired
warm mix rejuvenator can effectively restore the functional group structure of aged SBS modified asphalt, further
validating the accuracy of the macroscopic performance optimization of the bio-inspired warm mix recycled asphalt
mixture.
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Table 1 Main raw materials of biomimetic mussel glue

. Relative molecular
Type of raw material

mass(M,)
PBA 2 000. 00
TDI 250. 25
BDO 90.12
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Table 2 Related performance indexes of bio-inspired warm

mix rejuvenator

Serial . : Standard
Test item Test result .
number requirement
1 60 °C viscosity/(mm®+s™") 68 50-175
2 Flash point/C 246 =220
3 w(saturates)/ % 15.6 <30
4 w(aromatics)/ % 61.8

Viscosity ratio before and
5 L 1.328 <3
after thin film oven test

6 Mass loss rate after thin 16
oven test/ % ’

7 15 °C density/(g-cm ) 1.009
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Table 3 Performance indexes of SBS modified asphalts

Sample No. Penetration(25 °C)/ Sof'teniilg\g Ductility(5 °C)/

(0.1 mm) point/°C cm
MA-0% 69.0 57.0 39
MA-3% 69.1 57.0 41
MA-4% 69.5 56.3 43
MA-5% 69.6 54.9 46
MA-6% 70.3 54.5 48
MA-7% 74.0 54.0 50
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Table 4 Orthogonal experimental design
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Test number

Compaction temperature of
specimen(factor A) /°C

w(RAP) (factor B)/ %

w(bio-inspired warm mix

rejuvenator) (factor C) /%

Test protocol

1 1(120) 1(30) 1(3) A1BIC1
2 1(120) 2(40) 2(4) A1B2C2
3 1(120) 3(50) 3(5) A1B3C3
4 1(120) 4(60) 4(6) A1B4C4
5 1(120) 5(70) 5(7) A1B5C5
6 2(130) 1(30) 2(4) A2B1C2
7 2(130) 2(40) 3(5) A2B2C3
8 2(130) 3(50) 4(6) A2B3C4
9 2(130) 4(60) 5(7) A2B4ACS
10 2(130) 5(70) 1(3) A2B5C1
11 3(140) 1(30) 3(5) A3B1C3
12 3(140) 2(40) 4(6) A3B2C4
13 3(140) 3(50) 5(7) A3B3C5
14 3(140) 4(60) 1(3) A3B4C1
15 3(140) 5(70) 2(4) A3B5C2
16 4(150) 1(30) 4(6) A4B1C4
17 4(150) 2(40) 5(7) A4B2C5
18 4(150) 3(50) 1(3) A4B3C1
19 4(150) 4(60) 2(4) A4B4C2
20 4(150) 5(70) 3(5) A4B5C3
21 5(160) 1(30) 5(7) AS5B1C5
22 5(160) 2(40) 1(3) AS5B2C1
23 5(160) 3(50) 2(4) AS5B3C2
24 5(160) 4(60) 3(5) AS5B4C3
25 5(160) 5(70) 4(6) A5B5C4
Note: Numbers in brackets represent the levels of each factor.
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Table 5 Variance analysis results of air void

Source of variation Sum of square of deviation Degree of freedom Mean square F-value Critical value
A 11. 836 4 2.959 17.20 F, (4,12)=2.48
B 28. 379 4 7.095 41.10 F, +(4,12)=3.26
C 0.980 4 0.245 1.40 Fyn(4,12)=5.41

Error 2.070 12 0.172
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Table 6 Variance analysis results of uniaxial penetration strength

Source of variation Sum of square of deviation Degree of freedom Mean square F-value Critical value
A 0. 050 4 0.013 4.90 (4,12)=2.48
B 0.312 4 0.078 30. 30 F, 5(4,12)=3.26
C 0.011 4 0.003 1.10 Foo4,12)=5.41
Error 0.031 12 0.003
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Table 7 Variance analysis results of low -temperature splitting strength

Source of variation Sum of square of deviation Degree of freedom Mean square F-value Critical value
A 2.008 0. 502 3.60 F, (4,12)=2. 48
B 3.499 0.875 6.30 F, 5(4,12)=3.26
C 1.229 0.307 2.20 Foq4,12)=5.41
Error 1.664 12 0.139
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Table 8 Results of variance analysis for freeze-thaw penetration strength ratio

Source of variation Sum of square of deviation Degree of freedom Mean square F-value Critical value
A 3188.291 4 797.073 9.6 Fy,(4,12)=2.48
B 495. 656 4 123.914 1.5 F, (4,12)=3.26
C 488. 256 4 122. 064 1.45 Foq(4,12)=5.41

Error 994. 352 12 82.863
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Table 9 Results of pavement performance verification tests for warm mix recycled asphalt mixtures at optimal combination

Test item Test result Test result in the field Standard requirement
Bulk specific gravity 2.460 2.451
Theoretical maximum specific gravity 2.546 2. 547
Air void(by volume) /% 3.40 3.77 3-5
60 °C rutting stability/(time-mm ") 3456 3415 =2 400
—10 °C low temperature bending failure strain/(um-m ') 4 380 3 846 =2 800
Freeze-thaw splitting tensile strength ratio/ % 98.9 96. 3 =75

Bio-inspired warm mix rejuvenator
—— Recycled SBS modified asphalt
---- Aged SBS modified asphalt
— Original SBS modified asphalt
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Fig.5 FTIR spectra of bio-inspired warm mix rejuvenator
and three kinds of SBS modified asphalts ( w ( bio-

inspired warm mix rejuvenator)=4.5%)
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Table 10 ay,, ag and a, calculation results of three kinds of SBS modified asphalts

Type g, as; ae
Original SBS modified asphalt 0.0145 0.116 0 0.008 5
Aged SBS modified asphalt 0.0124 0.1283 0.0107
Recycled SBS modified asphalt(w(bio-inspired warm mix rejuvenator)= 4. 5%) 0.0137 0.0957 0.196 6
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