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Research of Calculation Model of Pavement Texture Depth Based on Profile Elevation

DOU Guang-wu
(Research Institute of Highway, Ministry of Transport, Beijing 100088, China)

Abstract: In order to define and unify pavement texture depth calculation model in China, aiming at poor
theoretical link about complicated calculation models of pavement texture depth based on profile elevation,
and leads to poor comparability of pavement texture depth measurement results, through stating the testing
technology of pavement texture depth and analysing the technical connotation of texture depth measurement
method based on profile elevation, we put forward a opinion that using SMTD which gives good correlation
with the readings obtained by the sand patch method as the pavement texture depth calculation model, and
demonstrated the consistency of the stipulation of texture depth calculation model between the national
standard Muliifunctional High-speed Highway Condition Monitor ( GB/T 26764—2011) and transport industry
standard Vehicle Bearing Road Laser Texture-meter ( JT/T 840—2012) by orthogonal regression design
theory. If some necessary experimental verification can be carried out in pavement anti-slide matching with
pavement texture depth, it will be a technical basis of applying laser texture depth measurement method
directly to evaluate pavement anti-slide performance.
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Fig.1 Schematic diagram of texture depth
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Fig.2 Definition of pavement texture in terms of

wavelength range

(1) FEWEH (macrotexture) ™' WA SCAFS
MR IFSE o BRAE 0.5 ~50 mm N YR AT 1T 5
PR R 22, AT BT 58 A9 1E 2 1% % B
OB IR Y A A g, HC R IR R 0.1 ~
20 mm, PRI IGHI R ITHI RS,

S B RN R T 8, 3 T g v ) 32 3 e SR B R
THBURR S 0 L PN (L, e v T B B T 3 TR
JEESRAEO. 7 ~ 1. 1 mm ZJA], 7 % 1A 14 i 32 2000
TR LB R I R TR AL TR B AR

(2) BOWSCH (microtexture) ™' PN T
0.5 mm [ F&% W1 -5 BRAR ST 1600 (9 25 o X R
YO A % TR A, IR R 8 O 0..001 ~ 0.5 mm,
A R T A B 2 B0 BB RER, (O E T
POHR J3#E o 30 % T A4 3t 2 S8 IRk T RS 40 R
SRR B Al i oA BORL A R T PR R, QMR
IREE . BEOLIHAESE .

(3) EEHH: (megatexture) ™. K AE 50 ~
500 mm PN 14 % AT IR 55 FRARP- T PR O 2 0 X B
KYEH R i, HIREE 8 0.1 ~5 mm, ¢
0 Bl AS G 2 b T AR RO AR Ak, — MO B bt
R B3 £, S5 B TR PR T 3

(4) RFI&REF (unevenness) ™. PR TE0.5 ~
50 m A EE RGBT SR A 25 . KhRE &
R S A 3 ) S, R RV B PR R, Ol
T PR AT AT S PERE
2.2 ETHESENBEAMERENERANITE
Xl

BT T T g A D B T A s R B ) R R T 2 L
AR BRI P BRSSO, BRI BOLI R EOR
PR A ) O TR AT TR Y AR, AR R SR —
FEMTHERA, PEM AR 0.5 ~ 50 mm K Hl A
R LRI 2, DA T Ak ke S T ) 3 6% 32 110 )
KTV FOHE A B A8 35 TR B i 3 B AL, [ PR b
MR Z AT, F2A.

(1) Wi R (Profile Depth, PD)"™'. 7E 4k
AL, TERC NG He b A B (0 X TA] Y, AT 10 5 s o
5T T P S v K R LR B

(2) F W R E ( Mean Profile Depth,
MPD) 7= e 4 BE DX 1] P4 9 T TR FE P14

(3) {4 &R E ( Estimated Texture Depth,
ETD) '™ Bl mpd A28k, @454 (0 erd =
0.2 +0.8 mpd) , FITVFREFE AL R EE

(4) A% A I 5 44 & T B2 (Sensor Measured
Texture Depth, SMTD) """ X — & K BF B #% P I it
FIE R, AT i B 5 iR 2%
BSREN(I

smtd =




1

SO FE T IWT AT 5 T 14 o TR A % T SRR T 5 53

T AL K R T,
mpa=

Wil g ePD)|
= B

1B iR (MPD)

QAL

S
LRI ERE (etd)
etd=0.2+0.8mpd

B3 ETEEMEREITERR
Fig.3 Calculation model of texture depth using

profile method

° 2
y=at+bx+ex
L]

V3

B4 ERB[UNENERERNITEER
Fig. 4 Calculation model of sensor measured texture depth
b, smed D9 B THAG SE RIERE b, G i o 256 0
AR AT R A, TR R Ry, WA
A v BE Ay, i R /N [l ) 9
TR — ML, T a+br+ox’,

SCHk [ 11 ] 48 i, i 3 R B A I 8 A5 R
(SMTD) SEGETbERIREER (TD) HA BRI
LMEARDCNE, IR AR 2 R ) 32 2
Mo 12l d i — 2 Ko ik SR, 153 B SCEA
smtd =0.12 +0.59d, FFXZRE (R*) KT 0.95,

3 HEMHESEEBEMERENITEES

Il g A 42 fh - o A o TR S AR 51 A [
Gb, A AE 22 3 T IR I8 e A 0 119 B 1A T TR
FERITHEAETY s 3 o AR A e el A B oo g2
FEMIRL, SR [ AR 2 A5 E LT X i S A R R
KA, FET IR A B AR AR
A R A Y SCHR AT S A BE A B S, R T4
B AP 1 2 A S B 1 SMTD JHERE R, JRTEAS
AT AR E (A R A i R A (JT/T
840—2012) rPAM 1 PG R Ik 1 A i TR
M5 3L, RI24R FH O M) T % 52 A3 A5 A 2 Ak X000 B
VR AT I TG T R EEAGIN BF , XF 300 mm < JBE BEi
PN, X S8 T 0 3 A5 ) B R R AT O A 2k Tl
R o AT bR AT A S A LA, —
BeL o E e T RO, FEOE T IRIE 2011 AEA

A i E K AriE (2 DDRERs DL AR I 55 )  (GB/T
26764—2011) H R E AYAL) 3 TR T TSR Y ) — 0k
IR AL I SO IZ— B Rl s 2 el 5
3.1 EXRtREMNENIIERETEZEE

b (ZURer oL RE RN B %) (GB/T
26764—2011) FPRLRE : % 1A A4 32 % B AGL I mT >R P 8k
JCAFANRI RGN T3, ML A 0 N E S I PR AT
S T S PR T e R S, VIR A T A SMITD,
AR 10 m NHARAE, JFH, BE#ESIH TR
[€] SCANNER il 8 2484 % SMTD #5450, LI
TEPERT SR ARG T BRI A G R (SMTD)  f93F
SRR, BRIR

SMTD J2 35 T+ 1T SO IR TR 415 G P 6 T A 3 % B2
bR, B mm, R AL 1 TR R ST
L, A SMTD {HEHHHE RS D, WS KE L #)
AR R TR SMTD 45 A

smtd;, = JLI i smtd,, ,

A
n n lz(zxtyl)z +p
n. y?‘(Zyi)z_ I:riz—l
smid,, = =l =l 5
n
50(n° =1) Yy, =12 aiy,}?
_ =i =i
b= 4(n* - 4)
D
=7
L
Taxl’

b, smud, MG L 2 B S R, L
W10 m; smud), AFEGHRAREE D SR i 1 R
D B300 mm; o« NHHRKE D W, 5 im0 S

P 1) . S (n—1 e
R R R L

KW 28 T, WGt KRIENA S smud,,
NG AP RTICRE [ BE ;0 P B D 9T
THBORERS i, Fe i i 2 BOBCRE B, A>T 151 A4S
R TG EE L N smud , D5, BUEEL.
3.2 fTlirEESERIREN—BE

sSiis s AT AR E 4 23 i T 3 R EE )
(JT/T 840—2012) MR E =R ML 1 T
SMTD 7€ S, THEZFbrE 2 e ol P ki i
#) (GB/T 26764—2011) W& DL 45 & $e o Uiy
Jr UG SMTD (31538075, Fi A W ) B 34 ik 42



54 AN

ST 5 B3R E

%, (HEREREIER 22, e ESEHL. EHNN
TR, HICHk ) SR A
—HEse, WILEIR TR, N—EREE ER
T RO TR AR HE A EE T LUR 8 AR 4
A7 A A g — 2k
3.2.1 BEXEINHEE

R IBCIE 52 22 T 3 0] S 88 T X g B2 40 kA7 K
WL G, WRIELKMT, yo=a+brtre fy

—JC RN [R) R, AR AR S X B A — o6 —
TR

Yo = boAopo(x) + b A @ (x) + b2)\2g02(x)“4J ,

ﬁl:':t’ 900(90) :1’)\0 :1,401(90) :x;x :xa/\l :19

— 2 2
Zn—l zn—l

%(x):(x—x) T2 YT sl

A
ny.

B
by = 170 - ZQ%(%)Y/ Z@oz(xi) = zyi/n’
0
B =
b] = Hl = z¢l<xi)yi/ 2@12(%‘) = zxiyi/zxiz = inyi/% = 122xiyi/n(n2 _1>’
1
B ‘- o1y
bz :Hz - Z%(xi)y/zg"g(xi) = Z(xfyi_nlz lyi)/z (x?_nlz 1) i

2 n’ -1
inyi_ 12 Zy
n(n* =1)(3n* =7) n —l n(n —1) ( S
240 12 144

D lzzw 180 v 'y, ~15(n" = 1) By,
BBy = 5 Ta o) n(n® -=1)(n* -4) (x
3.2.2 MAKE (SMID) HItHE

FA T M o H S TR A T TR R SCRTR, S TR A 16 TR B D AR AU 5 S T3 e 2, I

(y; - ) 2 2 2 2 2 2
20 S s ntsmidy, =0y, (v =)t =Y, (v —y) =2y -2y vy, Yy,
A, ix—ZnZymjv@, Bn) i HQ,

2 2 2
n -1 n(p” —=Dn” -4
2 z 4 180

1)2 = inzyi -

2_
"nlzl)o

smL‘d2

@
(X )’ 12ny 180 Y aly, = 15(n* = 1) Yy,
-2n y, ==2n———— -2n L — S ———x;, —2n .
2}/,}’0 n zy" n(n® - Z}/ n(n® -1)(n* -4)
24( ) wy)? _3602%% -30(n° = 1) Yy,

(xf—nl—_l)_—Z(z D7 = nz_ii (zxizy,—nzl—gl y,;):

5(n° 1) (X))’

(n® =1)(n* -4)

oy )2_24(2,%)2_360<2x?yi>2—60<n2—1>2yi- 2+ 5 .
Y 1 (0 =1)(n* - 4) ’
@:
nzyz =n'{ .(Zyi)2+122(zx"y")2-n(nz_l) +[1802x?yi_15(”2_])Zyi]z}z
' " n’ n'(n® - 1) 12 180n(n* —1)(n* —4)
(S 12(ny) [180 Y w2y, —15(n* = 1) 3,1’
Yi -1 180(n* = 1) (n* - 4)
‘ . i 12(2%%) [18029@%-15(#-1)2%]2
/7'\®+®__<Zyi> - 21 - 180(n2—1>(n2—4)
180 (Y a2y,)" =30(n? - Xy - X aly, +%(n2 -2 (Y )
i D — b ¥
—360( in2yi)2 + 60 ( 2 —l)zyi . in zyi _%(nz -2 ( ZYi)z

(> - D -



1

SO FE T IWT AT 5 T 14 o TR A % T SRR T 5 55

—180(2951,2)/[)2 +3O(n2 —I)Zyl M inZ% _%(nz —1)2 ( Zy,:)z

(n* - D -4

[(180 % a2y,)" =2 x15 x180(n" = 1) ¥y, Yy, + 150" - 1) ¥ ]" [180 ¥ wy, - 15(n* - 1) T 0.1’

180(n% — D (n* —4)
A 1,

[180F 22y, = 15> = 3 5]
180(n® — 1) (n* - 4)

2
L1803 4ty - 15(n* = 1) 3 ]

n’smid,” = n Zyiz - 2”2%% + nz‘yz =

=n zyiz _(Zyi>2 -

180(n* —1)(n* - 4)

2 2 12( X; i)2
nzyi - (zyi) - nzz:_]y -
[18029@?%_15(”2_1)29’[]2

180(n* - 4)

n* -1

12( zxiyi>2 +

¥ 180(n® - 4) D,
L[ 2 2 ]2 22[ 2 2 ]2
W 180 Y aly, - 15(n” = 1) Y v, 4 12Y 2y, - (2 = 1) Yy,
; 4(n* - 4) 4(n* - 4)
5 n2 - . = x2 . ?
& li(zzy'_4)12z id — GB/T26764 - 2011 HhEy“P”,

12( inyi)z +P
2 ’

120 xy,)° + P

”zyiz_(z%)z_ 2
smid;, = 3 L

n

B .n’smid;, = n Zy,;z - ( 2%)2 -

XIEJE GB/T26764—2011 45 H 1 % 17 #4) 1 R B2 115
N

Zi b, JT/T 840—2012 Xt % 1 #4) s I8 3 11 8 A
BRI, SR IE 2835 — 70 ik [BUH 3T e 4
Ja, 5 GB/T26764—2011 45 H i H AR e 42—
S, IR B o X 3 ] B TR0 AL 1 TR BE AR A
YRLAE G — 1Y

4 £

AR SO TR 1 R B Bl A B AR AR A AR
BT T ISR, FEEEET

(1) SMTD 5 &b M(E HA K4 0 A e 1,
HH TR AL 100 £ 05 09 9158, =25
SR RRMA MR N, TR A L B R E MR AR A
SRR EAE R 3R B A s R R, B —
PR 23 ¢ 1 T

(2) ARICRHAIEA B —I0 R B 3B
it , UEBH T ERARUHE 2 Ty he s o0 bR R I %
#%)  (GB/T 26764—2011) 55238 iz i 17 Ml br
CHER I ERE) (JT/T 840—2012), K
SEES TR A0 3 R T TR TR P WA S 5 — 1)

(3) SRR T 3 U 1A 55 7R 119 3 T ) 3 TR L
THRARERL, A Bl T 48 v e A 2 TR A T R
RFIRIMAREA EHE N T 3% 1 pe i PR REPRANY, b
it A B T 7T PR 5 SR A 3 TR s v ) DS I 5 i A8
I

WA B B ANk 2P, 308 v TR B il I
EEH S PP SO R R 2% T
Jrik, R RS . RS S RO A T
Bk il maesk, R, S AL, B
PRI ARAE 22 BEAT I R R, BARAR KR
WA T i i P AR A S, 3R 1 B PR
GURMIRTEENE . SR, X 28 H e, B AR AL
PRRZ RS IR TR iy I B, L e
EHAEEC 2 B 1R IEOR SR e 1 5l 2 3, e
—E RS ARAT, 8T 2 A B HEE A T EE A A
MIRRIB AR R NI, AR 5 2 P AR 1
APEENE, AR L A I B, B SGE
ORI s e e B, JEHRS 51 A [ 4
AN A, w2 a0 2 R SR B 7, DA S
T B ) TRE B PEAbRE R AT

S 3k

References :

(1] sRaEE, XIRIAE, ERHR. 5 L 3 R B T K e TR
e BRI AR [J]. Est Tl ok 274k,
2009, 35 (1) 48 -52.

ZHANG Jin-xi, LIU Li-hua, WANG Li-li. Influence of

’



56 AN~ S S T 4 H32 4%
Speed and Texture Depth on Skid Resistance of Pavement PiZe. K2k, 2009.
Surface [J]. Journal of Beijing University of Technology, WEN Jing. Study on Evaluating Texture Depth of Asphalt
2009, 35 (1) 48 -52. Pavement with  Digital Technology [ D ]. Xi’An;
[2] BS EN 13036 - 1: 2002, Road and Airfield Surface Chang’An University, 2009.
Characteristics-Test Methods — Part 1; Measurement of [8] ISO 13473 - 1, Characterization of Pavement Texture by
Pavement Surface Macrotexture Depth Using a Volumetric Use of Surface Profiles — Partl: Determination of Mean
Patch Technique [S]. Profile Depth [S].
[3] TRARRL, SKRFE, EfE. Ui TRGE A 1 R R I A MRV [9] ISO 13473 -2, Characterization of Pavement Texture by
W [J]. AR, 2014, 31 (2) 2 42 -46. Use of Surface Profiles — Partl; Terminology and Basic
ZANG Ji-cheng, ZHANG Lei, XIAO Qian. Evaluation of Requirements Related to Pavement Texture Profile Analysis
Durability of Asphalt Concrete Texture Depth [ J ]. [S].
Journal of Highway and Transportation Research and [10] 1SO 13473 -3, Characterization of Pavement Texture by
Development, 2014, 31 (2). 42 -46. Use of Surface Profiles — Part3. Specification and
(4] TRUR. SEOGIUEESOM A2 A4 TR BE 1) 7 Tk B AR A b 31y Classification of Profilometers [S].
wo[J]. s, 2008, 22 (1): 57 -60. [11] COOPER D R C. TRRL Report No. 639 Measurement of
SHEN Juan. Method of Measuring Texture Depth with Road Surface Texture by a Contactless Sensor [ M ].
Laser Range Finder and Method of Data Processing []]. Crowthorne: TRRL, 1974.
Petroleum Asphalt, 2008, 22 (1): 57 -60. [12] JT/T 840—2012, Z#k RSO G R AL [S].
[5] JTG E60—2008, /&g iz e [S]. JT/T 840—2012, Vehicle Bearing Road Laser Texture-
JTG E60—2008, Field Test Methods of Subgrade and meter [S].
Pavement for Highway Engineering [ S]. [13] GB/T 26764—2011, ZIRERKHLEEMGINZE [S].
(6]  XBBEEK, LMY, F77. —Fh ook if) 35 i i 0 B s GB/T 26764—2011, Multifunctional High-speed Highway
I [T]. BRI SR, 2011 (29). 16 - 18. Condition Monitor [ S].
DENG Yong-you, DU Peng, WANG Ning. An Improved [14] TR, BEEH H [M]. db: Bl
Test Method of Pavement Texture Depth [J]. Science and £, 2009. 70 -75.
Technology Innovation Herald, 2011 (29): 16 - 18. REN Lu-quan. Regression Design and Optimization [ M].
(7] SCHr BB I B S R BT (D], Beijing: Science Press, 2009; 70 —75.

(E#5 49 1)

(4]

(7]

PN, 2R, K. A vhali AT BVE R AR
MAPERT S [T, A 2 5 TR E 4R, 2008, 27
(H1). 2972 -2977.

HE Si-ming, LI Xin-po, WU Yong. Research on Yield
Property of Soil under Rock-fall ITmpact [ J]. Chinese
Journal of Rock Mechanics and Engineering, 2008, 27
(S1): 2972 -2977.

W, TR, oK. RO K EDTTE IR SR S
[J]. KEH, 2008, 23 (4): 122 -125.

SHEN Jun, HE Si-ming, WU Yong. Present Research
Status and Development Trend of Rockfall Hazards [ J].
Journal of Catastrophology, 2008, 23 (4). 122 —125.
CHAN K S, LEE Y. A Fracture Mechanics-based Model
for Assessing the Mechanical Failure of Nuclear Fuel Rods
due to Rock Fall [J]. Nuclear Engineering and Design,
2000, 201 (2/3): 209 -226.

CHAUK T, WONG R H C, WU J J. Coefficient of
Restitution and Rotational Motions of Rock-fall Impacts

[J1.

International Journal Rock Mechanics & Mining

(8]

(9]

[10]

(1]

(12]

Science, 2002, 39 (1) 69 -77.

AN B. A Study of Energy Loss during Rock Impact Using
PFC2D [M]. Edmonton; University of Alberta, 2006.
AN B, TANNANT D D. Discrete Element Method Contact
Model for Dynamic Simulation of Inelastic Rock Impact
[J1. 2007, 33 (4):
513 -521.

DELHOMME F, MOMMESSIN M, MOUGIN J P, et al.

Computers & Geosciences,

Behavior of a Structurally Dissipating Rock-shed:
Experimental Analysis and Study of Punching Effects [J].
International Journal of Solids and Structures, 2005, 42
(14) . 4204 -4219.

KISHI N, KONNO H, IKEDA K, et al. Prototype Impact
Tests on Ultimate Impact Resistance of PC Rock-sheds
[J]. International Journal of Impact Engineering, 2002,
27 (9): 969 -985.

PICHLER B, HELLMICH C, MANG H A. Impact of
Rocks onto Gravel Design and Evaluation of Experiments

[J]. International Journal of Tmpact Engineering, 2005,
31 (5): 559 -578.



