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Mix ratio optimization for rubber powder noise reduction
micro-surfacing based on road performance analysis
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(1. School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China;
2. Zhejiang Zhixin Testing Technology Co., Ltd., Jiaxing 314003, China)

Abstract: By analyzing the vibration and noise reduction mechanism of the rubber powder noise
reduction micro-surfacing, the influential factors for this kind of micro-surfacing on the road
performance were studied based on orthogonal tests, and the mix ratio of the rubber powder mixture
used in the micro-surfacing was optimized. The results show that the addition of rubber powder to the
micro-surfacing can reduce the tire vibration on road surface by virtue of its damping effect and the
porous sound-absorbing structure on the mixture surface can reduce the noise. It can play the role of
vibration and noise reduction simultaneously. The blending ratio of emulsified asphalt, the amount of
rubber powder and the particle size of rubber powder will affect the rutting resistance, water resistance
and noise reduction performance of the rubber powder noise reduction micro-surfacing to different
extent. According to the contribution order of each factor to each technical index, the mix ratio for the

rubber powder noise reduction micro-surfacing was optimized. The optimal gradation selection is type 1
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uniform gradation, where the modified emulsified asphalt is 11.5%, the added water is 3%, and the

waterborne epoxy resin is 10%. In addition, the fineness of the rubber powder is 0.250 mm, and the

dosage is 3%.

Keywords: rubber powder noise reduction; orthogonal test; road performance; mix ratio optimization
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Tab.1 Technical indicators of modified emulsified asphalt

I H X2 H AR I L OIRER
7 LA it (FFLFLA% 1.18 mm) % 0.01% T0652
HL A FHES T FHES T T0653
WL EES T0658
WIBERUHERTE Cas 5 Pa's 12~60 16.00 T0622
R AR % 60 60.46% TO651
EEABEQ25 C) 0.1 mm 40~100 65.50 T0604
FERGRAEPINEDT | ks G 53 53.10 T0606
HERE(S °C) cm 20 38.00 T0605
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Tab.2 Performance index of epoxy resin and curing agent for

the waterborne epoxy resin system

PEREFR AT EZ =) I 4551
S HRE KE
i FLR HEPR
[E 57 (%) 53.51 18.91
HifEE (Pa-s, 20 °C) 0.4~0.7 30~40
pH(25 °C) 7~8 9~10
R4 fE (mol/100 g) 20.20
J{E (mol/100 g) 20.21
D50 KiE/6 h(pum) 2.039
HIHBE (25 °C, 500 mm/min, MPa) 1.574
HIHWTZIFR(25 °C, 500 mm/min, %) 186.119
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Tab.3 Technical indicators of aggregates

PR R Wit H WS bR TR
HIEER AURHE IR 19 <26 T0316
AR IRIZUEFERI R 20 <28 TO317
AR LrilS 7 <12 TO314
AR RN 11 <15 TO312
ANEER} R [P 7 <12 T0340
W (U 77 265 T0334
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Tab.4 Grading type %
20 FL (mm) 18 i3 %
Hi FHAERHRAE
9.50 6.70 475 2.36 1.18 0.60 0.30 0.15 0.075
1 100 90 80 46 38 26.1 15 10 5.4 45]
2 100 85 80 46 38 26.1 15 10 5.4 Ll
3 100 95 80 46 38 26.1 15 10 5.4 P4

e AR EDRAR R T 4.75 mm, HAEEDRIARA T 4.75~0.15 mm Z ], HAERLRAR /N T 0.15 mm,
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Fig.1 Gradation curve
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Fig.2 Schematic diagram of the vibration reduction mechanism
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Tab.S Orthogonal test plan and the results

ATic BRIE CHIRBck IEmseH 1 h RARIERE MR

R g A m?) KF
& Bit KifR/mm AETER%  HiK(gm ) IKFE/AB
1 O 2% 0.850 1.87 442 67.9
2 O 3% 0.250 2.23 533 67.5
3 O 4% 0.425 1.95 1418 67.3
4 @ 2% 0.250 1.28 296 68.3
5 @ 3% 0.425 3.63 515 67.6
6 @ % 0.850 3.96 1 404 68.4
7 ® 2% 0.425 1.62 490 67.3
8 ® 3% 0.850 2.06 538 67.1
9 ® 4% 0.250 378 2206 67.0

Ro BERMERHBRLESL
Tab.6 Mix ratio for the rubber powder noise reduction
micro-surfacing

KF AL ig Eﬁfi;ﬁj‘gfﬁ% 75;12% 7Jorg§fﬂa
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Tab.7 Range analysis results

TR [ AR T R /%
E-3
K, K, K ki k> k3 R
ATitEL 6.05 8.84 7.46 2.02 2.95 2.49 0.93
B Bkt 4.77 7.92 9.69 1.59 2.64 3.23 1.64
C BIEHkRiE 7.89 7.29 7.20 2.63 243 2.40 0.23
1 h AR FEHR 5/ (grm )
K K K; ks ka k3 R
ABiA 2687 2801 3452 896 933 1151 255
B kB 1181 1 500 6259 394 500 2086 1692
C Bkt 2931 3175 2834 977 1058 945 113
M 7K /B
K, K, K; ki ko k3 R
ATitEL 202.9 203.8 201.5 67.6 67.9 67.2 0.7
B Bk 203.5 2022 201.7 67.8 67.4 67.2 0.6
C BRIk iR 202.5 202.7 203 67.5 67.6 67.7 0.2
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Fig. 3 Relationship between the three factors and anti-rutting
performance
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Fig. 4 Relationship between the three factors and water

resistance
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Fig.5 Relationship between the three factors and noise
reduction performance
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