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Abstract

In order to analyze the contact characteristics between tire and road surface and its influence on the
anti-skid performance of the road surface, the three-dimensional envelope profile of tire-road con-
tact was extracted based on the tire-road contact imprint method theory, and the three-dimensional
texture characterization parameters of the road surface area were calculated. Furthermore, the
correlation between the three-dimensional characteristic parameters of the initial profile and the
road friction coefficient was analyzed, and the characteristic parameters with high correlation with
the friction coefficient and relatively independent of each other were screened out. These parame-
ters were independently subjected to multivariate regression analysis in the initial profile and the
envelope profile. The results show that although the three commonly used texture characteristic
parameters SMTD, Spa and Vi have improved in the correlation analysis determination coefficient
(the envelope profile increased by 8% compared with the initial profile), the determination coeffi-
cient did not reach the strong correlation level, indicating that these parameters failed to effectively
reflect the relationship with the anti-skid performance of the road surface. However, the analysis of
the selected characteristic parameters showed that the correlation between the initial profile and
the road friction coefficient increased by 49%, while the envelope profile increased by 85%, and the
determination coefficient of the envelope profile increased by 34% compared with the initial profile,
both of which reached a strong correlation level. This result proves that the new regression model
can better reflect the relationship between texture characteristics and anti-skid performance, and
the application of three-dimensional envelope profile can significantly improve the correlation be-
tween pavement texture parameters and anti-skid performance, providing a more effective method
for the accurate prediction of pavement friction coefficient.
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Figure 1. Process for calculating 3D surface textures and envelope profiles using the imprint method
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Figure 2. Initial outline appearance diagram
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Figure 3. Encourse contour appearance diagram
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Table 1. Collection information of different road surfaces

# 1 FRIBEHMSERES

EiEg i AC-1 AC-2 AC-3 AC-4 SMA-1  SAM-2  OGFC-1  OGFC-2
FHE RS 5 (%) 65 65 70 70 75 75 80 80

AT EE (%) 5.04 5.11 5.06 4.98 5.78 5.59 4.76 4.86
BARAZE T (g/lemd)  2.554 2.523 2511 2.567 2.470 2.486 2.245 2.250
VV (%) 1.88 3.17 2.84 2.56 452 4.36 15.02 13.64
VMA (%) 14.01 15.37 15.55 14.49 17.26 18.04 24.07 22.84
VCA (%) 4433 41.28 43.47 4376 38.41 38.78 39.46 40.11
VFA (%) 86.51 79.36 85.41 82.83 73.43 72.73 37.83 42.46

Figure 4. Road table texture measurement road section
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Figure 5. ZGSCAN-717 handheld three-dimensional laser scanner
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Figure 6. Treatment of the road surface lines before and after the cloud map
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Figure 7. Three-dimensional special symbols of pavement texture for processing completed
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Figure 8. Swing instrument determines the road surface friction coefficient
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T BRE R AR R AR PR I R S TR AR R I e Al T B T A B, DA HORAY E % 1
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Table 2. Path friction coefficient measurement results

2. WHEZRBNEER

EA S ) E S ONII BMA
AC-1 83.3 85.6 82.1
AC-2 78.4 80.3 76.7
AC-3 78.2 79.6 76.1
AC-4 76.1 78.4 75.4
SMA-1 78.2 79.7 774
SMA-2 825 84.6 79.6
OGFC-1 743 76.1 42.8
OGFC-2 84.4 86.7 83.4

4, BHSIESBETE S o h
4.1. BYEETHEAGE

S T (1 DX Sk = RS AR PP O 2 S I B R E R DR XK, BRI X Y Z =AM R =
A, AT S AGER [ SOR 2 AR AE M DY REARFIE . B 1 X I = SO RIES B E O S S, R
28 RESH. TS H. WESH. IS, W4k 3 .

FRAES B R RAE R 52 3 1 DXCIRARFAE . SRR AEAN RURRAE o 2 ] WA T35 2 (Spa) 1€ SCFRAL KA IR
P 2 T e T A Ko HL r S R i v T A L X3P s PR g e, T DA S e OB T, 1 FH 2 K e 70 B0
P FH AR #0 (4 416 5 A2 BY TR X SURE AR T 2 25 et AT 2 FU[16] . HAat S AT

B
S TP R ©

e 55 J32 ) T R AR B 1 SO 5 AR IR AR I AR MRS, DA SRR S 2% A SRAG FRAE R fIf B FEAH 5C I 2
HZH.

RS HOT AT R A A S R TR Bl R v B 1 SO 55 5 IR PRl AL B B 1 . SRS B ARER T BRI
T A0 b 1A R B R R TR T B A R T A b, RN S e T S R R AR ELAE R B R T = e
fTHT AR RS o RE SRR Vine SE PRI SCARER By A1 B o8 B2 S AR AR ) ZE 4B [17], BRI

Vmc =Vm (ﬂl)_vm (ﬁz) (6)

151 JE S = YT I R VR B (SMTD) & IR 8% T SO VRN T, FETERAEVE N, RI& S BIR M
U T THD PR B8 S R SRS 3L . oA, R TNUEE TOT ) 2 4 AT T T B ey s (T . = 4B P30
REE SMTD 115 =0l [18]:
M

53 [ (x3)-2000)] @

i=1i=1

SMTD =

1
M x
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Table 3. Three-dimensional texture feature parameters

F+ 3. ZHELUEHIESH

) L LA
PRI IRE SMTD mm
BT Sq mm
TRAHEE Ssk
o BEUSFE Sk
mE S
B KIS Sp mm
RORER Sy mm
RREE S, mm
HHECFYIEE Sa mm
HAHSGKE Sal mm
e = ZER T LG S
LT 1A] St
o 77 WA E Saq
JRIF L THAREL Sor %
SRR Vim mm3/mm2
TR Wy mm3/mm2
g [X S AR ARFR Vimp mmé/mm?
WS H
SRR Vine mm3/mm?
AT Ve mm3/mm?
BT Vi mm3/mm?
IG5 Spy 1/mm?2
U 1 2R B IE Spe 1/mm
AR S mm
TS U Ssp mm
REZH FAATE Sov mm
B PRI Saa mm?2
W X P 2 T A Sha mm2
B X PR Sav mm3
g [X - AR Sy mm3
O BE Sk mm
Hr U4 S Spi mm
ez PRI Sw mm
SR Smra %
T S %
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4.2. FHHEER

AIAER MATLAB BAFG 31T HAS 2158 MG HE T = e SURAE S M. RIRER 1T/ 4RI =4 Ep
TR, A ek TR = 4ERIIRTRET 7T IRBAFE . iR KV 5 S K IR TS SE PR b T AR Ac.
BEJe, A MATLAB BPFBEAT RS = 4ERIIRFE B =R G EX AR R THAR, R SRINEZ% SR B 1) — 4R S0
RIESH. MRKSEOTRERENL 4.

Table 4. Regional three-dimensional texture feature parameter calculation results
4. R =HEIRHESHOITESR

Z5 R Iy GE S ST FL25 50 BT A
PSSR IR B 1.992 0.731
YR E So/mm 0.91 16.835
TRARHE S -1.501 0.346
N BEUEFE Sk 6.579 2.611
e
HoRU& R Sp/mm 1.832 70.672
KA Smm 5.898 23.883
BAEE S/mm 7.729 94.543
HHCF I Sofmm 0.689 13.999
HAHRKSE Sa/mm 4.148 13.051
e LERGTTALLE St 0.901 0.791
L7 1) S 82.243 102.388
- Y5 ARAABE Saq 1.566 0.583
JRITFRMHAREE Sar/% 39.665 11.902
TARARF Vi (mm3/mm?) 0.0159 0.013
2R Vil (mm3/mm?) 0.919 0.423
U [X S ARAARFR Vinp/ (MmM3/mm?) 0.016 0.013
(LSAE 2 ,
% SRARFR Vind/ (mmS/mm2) 0.771 0.299
2R e/ (mm3mm?) 0.751 0.401
BRI Vil (mm3/mm?) 0.168 0.022
V25 Spal(L/mm?) 0.018 0.042
gy 3 B AR SF 4 Spel(1/mm) 4.973 2.385
T RS Swo/mm 7.089 87.269
Fi U Ssp/fmm 1.599 63.398
LR 2 H B Sslmm 5.49 23.883
A X PR Saa/mm? 46.01 4,754
W [X P T AR Sha/mm? 68.327 14.181
A XF- 244 Sav/mm? 2.775 0.053
W X AR FH Sn/mm® 10.001 1.525
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0 Sdmm 1.519 39.602
HrH I Sp/mm 0.269 21.169
Tiae 24 HFIHEBUR Sudmm 1.739 0.087
b3 E Smnal% 5.438 11511
NI Smrel% 78.241 94.101
He % 1H] R 1R 241 BPN 79.425 79.425
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[ was s 124
3.0 b [Z22] .45 B
422
42.0
25 N
118
2.0 e
é B l,4g
E—‘ L. H12&
2 15
41.0
10} .08
10.6
0.5+ - 0.4
4 0.2
0.0 0.0
AC-1 AC-2 AC-3  AC-4  SMA-1 SMA-2 OGFC-1 OGFC-2
SMTDAAXHE
Figure 9. SMTD relative value
[& 9. SMTD #x}{&
Table 5. SMTD correlation analysis
2 5. SMTD #8k M54
TEE FHIGPE N
SMTD AHC 1% 0.289 0.429

B I TT 2, 2% i B ) B8 R B SMTD (B VI 4R 8 5 SMTD B A BB FEAIK, RUAHXHME I N T 1.
FH P 9 m] DL HE S THI AT 4 SMTD fH 5 A 48 56 BT SMTD - - R 22 &R, A7 5 35 I S EUF 0.429
WA DRI, X5 g v B R IR R R S R 45 SR R ST W TR FE A HE, A R XN 7E e
o, WG MPD {EERK, L5585 MPD AHXHE BN, RIELZ8EC )50 MPD {H FRR IR K W46 MPD {H
/N, BLHEER MPD AHXT B, BLZECEE MPD (B FEARIE B R /N[19] 01X — 22 53 R B RUONTE 4EER
B, S B SRR AR TR S 2 —MEDE A, I8 6 mm2 B 10 mm2. A, fE=4EERVET,
D B S PR AR S 5 HAFIESH—— T MRBE FE Soq MG, SRR 5HIUh = 4E50 BT
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Table 6. Feature parameters and pavement friction coefficient regression analysis

6. FHESHSRAEZRAKERASH

R R2 WG H) R? FRAEAS F IR 2
VITHFFIESEL 0.687 0.472 0.076 3.45833
FLSRFIESHL 0.715 0.511 0.143 3.32960
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Figure 10. Analysis diagram of the initial contour texture parameter correlation
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