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Abstract: In order to quantitatively characterize the surface texture structure of aggregate, the surface texture
structure information of single-grade aggregate and its mixture was obtained by the laser texture scanner, and the
construction wavelength slope spectral density (SSD) was selected as the characterization parameter to study the
distribution rule, characteristic parameters and relationship of the surface texture structure wavelength SSD curve
of single-grade aggregate and its mixture were investigated. The results show that the SSD curves of the surface
texture construction wavelength of the single-grade aggregate and its mixture aggregate are consistent with the
Gaussmod function equation, and the determination coefficient R” is higher than 0.99; The prediction equation for
predicting the SSD curve of the composite aggregate by single-grade aggregate SSD curve is proposed. The
prediction accuracy of the prediction equation for the peak area, peak value of the SSD curve is insufficient, and
the prediction accuracy for the node wavelength area below 18.3 mm is higher than that of the characteristic
parameters. Engineering practice shows that the characteristic parameters of SSD curve node wavelength area ratio
and peak area have a good linear relationship with the interior noise on the road, and the determination coefficient
R? reaches 0.957 1 and 0.887 6.
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Fig.1 Preparation mold and typical observation specimen
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Table 1 Aggregate gradation composition

Passing ratio(by mass)/ %

Type Specification/mm

13.2mm  9.5mm 4.75mm 2.36mm 1.18 mm 0.6 mm 0.3mm  0.15mm 0.075 mm

5-10 100.0 99.3 7.0 0.2 0.2 0.2 0.2 0.2 0.1

Basalt 3-5 100. 0 100.0 99.8 51.1 31.9 20.1 10.8 7.4 3.8
0-3 100. 0 100.0 100. 0 81.7 53.2 27.9 11.6 7.6 2.8

5-10 100. 0 93.4 4.0 0.2 0.2 0.2 0.2 0.2 0.1

Limestone 3-5 100.0 100.0 94.3 48.3 27.5 18.4 9.9 7.0 3.2
0-3 100.0 100.0 100.0 76.2 49.4 26.1 10.3 7.2 2.0

5-10 100.0 95.2 3.5 0.2 0.2 0.2 0.2 0.2 0.1

Andesite 3-5 100.0 100.0 98.3 49.6 27.5 15.9 11.4 8.3 3.7
0-3 100.0 100.0 100.0 77.5 47.2 24.9 11.6 6.9 2.8
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Fig.2 SSD distribution curves of single aggregate construction wavelength
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Table 2 Fitting parameters for SDD curves of single aggregate
Type Specification/mm Yo A A, w I R’ RSS
0-3 0. 004 8.578 1.108 0.248 6.436 1. 000 0. 008
Basalt 3-5 0 30. 808 1.615 0.695 8.633 1. 000 0. 000
5-10 —0.121 116. 921 1.499 0.659 21.861 1. 000 0.241
0-3 0.007 10.739 1.137 0.249 6.507 1.000 0.004
Limestone 3-5 0.016 38. 837 1. 808 0.756 8.367 1. 000 0.043
5-10 0.003 166. 822 1. 668 0.626 24.547 1.000 0.627
0-3 0 8.536 1.136 0. 264 5.239 1.000 0.009
Andesite 3-5 —0.072 31. 944 1.409 0.658 9.599 1.000 0. 260
5-10 0.072 67.681 1. 655 0.585 10. 465 1.000 0.362
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Fig. 3 Schematic diagram of characteristic parameters
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Table 3 Composition and design parameters of mixed aggregate

Composition(by mass)/ %

Mixed aggregate

Specific surface Asphalt content(by Asphalt film thickness/

0-3 mm 3-5mm 5-10 mm area/(m”kg ") mass)/ %5 pwm
40 20 40 5.094 5.8 10. 2
B 25 60 15 6.035 6.6 10.1
C 65 15 20 6.237 6.8 10.1
D 70 25 5 6.669 7.2 10.1
4.0 4.0
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' o Measured value ' o Measured value
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Fig.4 SSD curves of mixed aggregate construction wavelength
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Table 4 Node wavelength area ratio for SDD curves of mixed aggregate
%
Node wavelength/ A b ¢ b
mm Measured Forecast Measured Forecast Measured Forecast Measured Forecast
0.1 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
0.3 100. 00 100. 00 99.98 99.99 99. 99 100. 00 99. 96 99.99
0.6 99.91 99.92 99. 85 99.97 99. 89 99. 98 99. 82 99. 96
1.1 99. 44 99. 38 99.19 99. 29 99. 28 99. 38 99. 14 99.18
2.3 95.33 94.78 93.43 91.02 93.99 92. 31 93.28 89.73
4.6 83. 44 83.35 76. 36 75.85 79.94 79.10 76.00 72.82
9.1 64.07 64.77 51.63 53.46 58. 31 58.59 50.41 49.00
18.3 37.65 38.82 25.63 27.16 31.59 32. 11 21.77 23.43
36.95 14.47 14.92 12.48 9.15 12.50 10. 59 4.14 8.42
73.0 6.84 5. 84 9.44 3.18 8.29 2.15 0.15 3.84
146. 1 6. 84 5.84 9.44 3.18 8.29 2.15 0.15 3.84
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Fig. 6 Relative error between forecast value and measured value of characteristic parameters
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Fig. 7 Correlation analysis between characteristic parameters and interior noise

K7 7R - SSD 419 s P M AR L L g T AR K
BN BT RAFI LM R e RECR 4300
90.957 1.,0.887 6, @ SR s i AR EE 5 4 N e
) AH 56 FE B B 1Ry 5 SSD £k {5 5 47 oA MR 1 £
KRN, 8 ZERAL R —0.023 8. Lk &5 R«
W, 25 P M 55 AR A et JR K D B A A R A T
YIRS 2 HJE H R m LB A 75 i — A IR A5

G54 T SCIN 3l BB Gl 9 s I AT R
T PR AR SSD b £k Sk o B A L T TR A
LAY SSD Y A% 1 B EL 1 SSD il 2R Y A K 1
R 5 4 g iy LA R A e M A S L IRk 7 i
AR $F B BT I, AR F B ) T S0 K

SSD J A e WAL , LA s m AR Fe A A 1 b
i 1 ) SSD 2k K A R T AR EE ok 2k B X
B R B AT AR B H Y

3 it

(1) B RS AL VR A F2 R Y 35 10 S0 AL 15 % K 43
A HAT — 30 H 3R T S0 i 0% K SSD i 2 4%
4 Gaussmod FREL T+ .

(2) 38 32 B A AR 8 I 4 SSD DA M 2k Pk &
KRN TIRA AR SSD £k w7 #2245 250k
K/NTF 18.3 mm B, 1% J5 T B 08 o i 0 D0 T 5 4 R
SSD i £ 45 s P A B, AR ER 2545 500 LA 5 B



%5124

ARAT 6 , 45 - SRR THT S0 BE R T D5 1< SSD 23 A ML KRR iE 24K

1317

W J7 T % SSD i £k W i 1 0 T AR A 0000 o A RE
R

(3)SSD 147 5 i K 1 AR L i 1 AR 5 42 py g
THEA RIFMEME R, HE ZECR 5 5 ik 3
0.957 1.0.887 6;SSD [ £k W 15 22 Py e 5 i 2R P G
AAE, JeE RECRMUN —0.023 8.

B U B R BT R R A R R AR SO R
F2 B PR AR 5 TR A R R A 3R 1 S0 B 1
SSD 43 Aii KA K RHAE S 800 A B 6 R TR
58 I AL A B T MS- 1178 A3 2 A JH6 1T 4 P9 M, BTk
FERFSE I R GEE A A m M IR fAEEIRZ AR T
— TR ELE A T 2 M TR R, MR A
TR A RHE g 15 2% 11 S0 RS 3 D% 4 20 A 55 AH G 52 ) [
D L L v T U0

SE LWk

[ 1] Z=meae, MAL AR, 5% RLASRDE SRR AR 09 2 50T 36 bRt

FELT). A FUH R, 2015, 18(3) :524-530.
LI Xiaoyan, BU Yin, WANG Hainian, et al. Research on
quantitative evaluation of morphological characteristic of coarse
aggregates [J]. Journal of Building Materials, 2015, 18(3) :
524-530.(in Chinese)

[ 2] TimmE, R, KUTAY E. Wi & R A RHE RO 4, # (1) = 4k

EHAGIFRLT] MR 20, 2011, 14(1) :41-46.
WANG Duanyi, HU Chichun, KUTAY E. Three dimensional
reconstruction and calculation of aggregate structure in asphalt
mixture[ J].Journal of Building Materials, 2011,14(1) :41-46. (in
Chinese)

[ 3] Tk, A=alie, ok r . AORDE SRR X AR 1015 2 B Kok
ROEPEM M [T]. AR, 2021, 24(5) : 1039-1047.
WANG Zhixiang, LI Jiange, ZHANG Zhengqi. Effects of
aggregate morphological characteristics on adhesion of
aggregate-asphalt and its moisture stability[ J]. Journal of Building
Materials, 2021, 24(5):1039-1047. (in Chinese)

[4 ] Z95 8sce RS, 45 SR R T 70 10 G088 01 M B2 A8 Bl s

FAELT). 2SRRI, 2018,21(4) :667-671,682.
JI Jie, ZHENG Wenhua, ZHAT Peng, et al. Evaluation on
micro-and-nano scale characteristics of aggregate based on atomic
force microscope technology[J]. Journal of Building Materials,
2018, 21(4) :667-671,682. (in Chinese)

[ 51 PSR ik, SR8 )11, 25 . BRI M i A9 i 0 75 1R 5 RHU i e g
FIR R WL T ] M AL 2R, 2019, 22(2) - 284-291.
SHEN Aiqin, LIU Bo, GUO Yinchuan, et al. Skid resistance
attenuation of steel slag asphalt mixtures on tunnel pavement[J].
Journal of Building Materials, 2019, 22(2):284-291. (in Chinese)

[ 6] WHELAR, MM, sk ar , 45 . AN () B 100 4l 22 B0 e e MR gt 22
WBTZE[T]) BB R 5 TR £, 2017, 14(1) : 44-51.

HU Hongsong, LU Guodong, ZHANG Zhengqi, et al. Indoor

study on anti-sliding and noise-reducing of different pavement

[7]

[8]

[9]

[10]

[12]

[13]

[14]

[15]

[17]

overlays[ J] Journal of Railway Science and Engineering, 2017,
14(1):44-51. (in Chinese)

FAHE . 5L TG /AT 2808 S e P 1 20 T B T8 T T R A T vk
BEFEID] M AR TR 2%, 2018.

CHEN Bo. Research on asphalt pavement skid resistance
performance evaluation method of based on tire-pavement
effective contact characteristics [ D ]. Guangzhou: South China
University of Technology, 2018. (in Chinese)

SERIGOS P A , DE FORTIER SMIT A, PROZZI J A .
Incorporating surface microtexture in the prediction of skid
resistance of flexible pavements [J]. Transportation Research
Record, 2014,2457:105-113.

X A AR R AL HOR AR BFFE [ D ] B8t AR R,
2016.

LIU Yuheng. Key technologies of low noise micro-surfacing[ D ].
Nanjing: Southeast University, 2016. (in Chinese)

SR R AL B TR AL B SR MR WP LD L IR IR
BTl R, 2011,

ZHANG Ran. Study on noise mechanism and noise reduction
measures of micro-surfacing pavement [D]. Harbin: Harbin
Institute of Technology, 2011. (in Chinese)

Hh I [ AR HEAL A B 2 7 LT R RS GPS K45
oy DXk 5 6 3 o - AR AN I A 7 919 2 26 - GB/'T 33523.
6—2017[S].

Standardization Administration. Geometrical product specifications
GPS _surdace texture areal-Part 6 Classification of methods for
measuring surface texture: GB/T 33523.6—2017[S]. (in Chinese)
SR, AR A A BT DI = A R AU Y S i T T R
PEAG LT ] AR RS2 4 (A SR B 240D , 2020, 50(4) 1 667-676.
PENG Yi, LI Qiang, ZHAN You, et al. Pavement skid
resistance evaluation based on 3D areal texture characterization
[J1. Journal of Southeast University ( Natural Science) , 2020, 50
(4):667-676. (in Chinese)

LIQJ, YANG G W, WANG K C P, et al.Novel macro- and
microtexture indicators for pavement friction by using
high-resolution three-dimensional surface data[J].
Research Record,2017,2641(1) : 164-176.

Wi, A0 B T LA DL 1 3 I LR e 5 = e ip e (],
A, 2016,42(6) :491-495.

YANG Jie. LI Le.

Transportation

Surface roughness measurement and
three-dimensional assessment based on machine vision[J].Optical
Technique,2016,42(6) :491-495.(in Chinese)

GARCIA N Z. Predicting friction with improved texture
characterization[ D ] . Austin: University of Texas at Austin,
2017.
HARTIKAINEN L, PETRY F, WESTERMANN S.
Frequency-wise correlation of the power spectral density of
asphalt surface roughness and tire wet friction[ J|].Wear, 2014, 317
(1/2):111-119.

T RN, T HE,STEINAUER Bernhard , 45 . £ [ A~ B 3 5 8
DN TR BE VAN D5 TR 2RAR [T ] A 242, 2019, 32(4)
105-113,129.

WANG Dawei, WANG Chonghui, STEINAUER Bernhard,



1318

FESE R A S I

o526 %

et al. Overview on evaluation methods of pavement evenness for
pavements without speed limiting expressway in Germany[J].
Chinese Journal of Highway, 2019, 32(4) :105-113,129. (in
Chinese)

BBl A0 B, EhE, AF IR T R A K 1A SRR E 2
HAR I T ]R3 5 b, 2013, 32(4) : 26-30.

DUAN Huming, SHI Feng, MA Ying, et al. Evaluation and

extracting characteristic parameters for a road profile based on PSD

[19]

[20]

[J]. Journal of Vibration and Shock, 2013, 32(4) :26-30. (in
Chinese)

SAYERS M W, KARAMIHAS S M. Little book of profiling—
Basic information about measuring and interpreting road profiles
[M]. Ann Arbor: University of Michigan, 1998.
KAMPSTRA P. Beanplot: A boxplot alternative for visual
comparison of distributions[J]. Journal of Statistical Software,

2007, 28:1-9.



