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ABSTRACT: The surface texture depth is an important indicator for evaluating the skid resistance
capabilities and providing suitable surface drainage conditions for asphalt pavement, which has a
direct effect on the safety and comfort of road users. Texture evaluation is one of the main goals of the
pavement management system. Three-dimensional evaluation is the most accurate method of measuring
pavement texture characteristics. In this paper, a three-dimensional automatic device based on a hybrid
imaging technique is presented. In this device, a system consisting of two-dimensional digital cameras
is designed to provide the required image data. The proposed system has a tool for reducing surface
friction. This system also makes it possible to evaluate the texture in rainy conditions. Based on the two-
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dimensional images taken from the pavement surface, the three-dimensional models of the pavement

texture are presented. A method for calculating the mean texture depth is presented. Measuring the
depth of pavement texture in different directions is a capability of this method, which makes it possible
to uniformly evaluate the depth of the texture in different directions and find the critical direction for
texture drainage capacity. The proposed system has been used to measure the depth of texture in different
sections of pavement and the results have been compared with the results of the standard sand patch
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method. This comparison shows a high correlation between the results of the proposed method and a
standard pavement texture evaluation method.

1- Introduction
Pavement texture is the main factor affecting road surface

camera position, and imaging angle has been obtained by
performing various data acquisitions and reconstruction of

friction. The surface friction condition is one of the most
important indicators of pavement safety and the probability
of accidents. For this reason, the accurate evaluation of
pavement texture characteristics is one of the main goals of
pavement management systems [1,2].

In this paper, to achieve a method for automatic evaluation
of pavement texture with high accuracy, a three-dimensional
automatic system for pavement texture measurement is
presented. A new method for calculating MTD in three
dimensions is proposed. The possibility of automatic
evaluation of surface characteristics in the presence of water
and any other polluting liquid is one of the innovations of this
research.

2- Data acquisition device

One of the main goals of this paper is to provide an
automatic, accurate, fast, and low-cost system for recording
pavement surface texture details. In this work, a data
acquisition device is presented to provide images required for
further analysis.

The most optimal imaging mode in terms of lighting,

*Corresponding author’s email: Moghadas@aut.ac.ir

different 3D models. Figure 1 shows the components and
output of the pavement texture imaging system.

3- Evaluation of pavement surface texture characteristics

In this research, SfM is used to convert 2D images into 3D
models with high accuracy. This method is compatible with
image data obtained from the presented acquisition system.
Figure 2 shows the 2D images obtained by the presented
device and the 3D model made by the SfM method.

In this section, the pavement mean texture depth has been
calculated in a planar and directional manner. The calculation
method of this index is presented in equation (1).

The volume is calculated by measuring the three-
dimensional space lower than the highest point in the point
cloud and its area is considered equal to the number of points
in the desired area, and the desired index is calculated from
their division.
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The directional measurement of texture characteristics
is very important in evaluating its effect on characteristics
such as friction and surface drainage. The texture depth is
an important indicator in evaluating the surface drainage
capability of the pavement.

4- Results and Discussion

The evaluation of the pavement texture in its different
states shows its effects on various characteristics of the
surface texture. In this research, a method for measuring
the pavement texture depth index was presented in a three-
dimensional plane. This index is the most important criterion
for evaluating the impact of texture on surface friction and
drainage. The calculation of this index can be done for the
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Table 1. An example of directional MTD measurement
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Fig. 3. Correlation between the device and sand patch
test results

entire surface of the pavement or a part of it, each of which
can be considered a separate and unique criterion.

This system can evaluate linear and planar directions as
well. In the linear mode, the pavement texture depth index
is a measure of the surface friction. The reason for this claim
is that this index indicates how the aggregates are placed
next to each other, which affects the hysteresis and adhesion
components of friction. If the directional texture is evaluated
as a plane, it provides a measure of drainage capability. The
depth of the texture in each direction indicates the presence
of water drainage channels between the aggregates in that
particular direction; Therefore, by checking whether the
desired direction is in line with the road surface transverse
slope, it is possible to provide a criterion to evaluate the
pavement surface drainage.

Table 1 presents the application of this method in
evaluating directional pavement surface friction.

Figure 3 shows the correlation of the measurement results
of the presented method with the sand patch method.

As seen in this figure, the results of the proposed method
have a high correlation with the results of the sand method,
which is a standard method. The correlation coefficient (R)
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is equal to 0.96. This correlation shows the efficiency of the
proposed method.

5- Conclusions

In this research, a new system was presented to measure
the depth of pavement texture. The main achievement of
this research is to provide a method based on 2D imaging to
achieve accurate 3D texture details using simple and cheap
equipment. An automated 3D data acquisition system was
presented using a set of five simple digital cameras. Based
on the accurate three-dimensional models obtained, the
pavement texture depth index was calculated in different
modes.

In addition to the ability to calculate texture depth using
the conventional method that expresses the characteristics of
pavement texture, linear directional evaluation is a measure
of pavement surface friction and planar directional evaluation
is a measure of pavement surface drainage condition that can
be calculated by this method.

The proposed system is also capable of simulating the
process of reducing pavement friction due to rainfall. With
the help of this feature, a suitable method for monitoring and
evaluating pavement behavior in rainy conditions has been
provided.

A comparison of the mean texture depth values calculated
using the presented system and measured by sand patch test
showed a high correlation between their results. A correlation
coefficient of 0.96 has been obtained.

References

[1] B. Mataei, H. Zakeri, M. Zahedi, F.M. Nejad, Pavement
friction and skid resistance measurement methods: A
literature review, Open Journal of Civil Engineering,
6(04) (2016) 537.

[2]J. Peng, L. Chu, T. Wang, T. Fwa, Analysis of vehicle
skidding potential on horizontal curves, Accident
Analysis & Prevention, 152 (2021) 105960.

443



785 500 ()] yo (o kien & i

FOF U YFY Ol AFY Jlo o o)lad OF 093 ¢pusS ol ()l yos cwdins 4 i
DOI: 10.22060/ceej.2024.21475.7734

Al g3lwgy COL gamaw JU 5, Mas g, &l

$PSB ojes TIT usde (98 ¢ elhae oy

Ol 5 d 5 ST L) S el inio SIS gl 5 oyt suoigee oSl

18,5913 ey ,U

VN -YNA bl
VY51 15)553b
VXLV sl
VYT YIVE 2D 1))

1605 Clols
Silwgy 8l 3ee
aees (2l
Simaw glo e
52

iy Copde

sty N gy s 53505 3 5 i Sl ) st s sl s o 0¥l
(S5luagy oo iuuges (ool CBlial (S 8l syl 2,1 Laoly (p)lS” o) 5 (i) (el 53 s (6 45 ] oo
o 1) (55l il (S Sl oS 5 63 priges CSuiSS i (S nrds 5255 olSsd Ky lio iyl >
ol (b jLidyse (paad (sbhodly and Cas (gamed Jluowd (slam)ed jl USiide i SO oKiwd (! >
3t 53y g 5 1y e i) Lol 45l e STSkaaol inlS 13 S, (i 0 &) s
Sy haw jlodd Cudldp (mgd pglal (el 2 S (o0 R lSel 3 (S bl o 1y 8l o)l e (] S (0
Sl sl dpeloxa g g asl 05 45 8 o )5 Lo S 31000l b (5l €8l gt s ) sl 1o
2 glaxis o (gilwgy SO Ges (68l .l 0ads ) onds Wg (g slaJse wlul 1 (gilugy Cl Gos
e €8l o o olied g cilie Sl 3 Sl Bos CIESy (bl &5 Cusl gy nl bl il e
Col 485 )18 oxliulsgo (g 3lg) il gbolio 13 L as (5 Sojlul Cqr 0l Al s S g0 pd SNy 2SR5
D99y 99 ol ol (Vb (Stasen oximd 3Lis 45 ol 005 duulie duolo 3kl g 2l b )] Lawgs odalcawmday yolie

5 Sl i)l sl asmns 5 ai> Sagy Ko @) 4 Dl e il b (R2 = W )cusl g3l <l 23

b gitin (5 jlog) 45eb S e (S )3 (Silg) (oo

s il el e o) ol o it b Sail, > S8kl
il «sileg) 8l Clasuie gpSojlul g oo ol g 2U les
b o (Sl A8 o (Sae |y (gilugy Slasule plu et
et OIS (S plgisar silog, Sl 4l leg g ]
g dtwgnl 8L [V]cwl (uyn B ilug) il 38> L)l L
L (52,558 5 aile Cgue 2939 oddd il Canl Sew CEIgSS e
Blo olw 3939 pimed Sl (gilwgy 0 Tadb S Sadls
AL (535 8 g98g oamd Uil Cunl (S (gilog) CL (59 (srhaite
iy il [F 58] Casl Lt b5 MolS' ol 385 byl b oS
2 62k b & o i (o gl i)y Lol bele S

[F]5) 7Ol sty gody Jumilis

3 Segregation
4 Hydroplaning

doddo —
bulyd cwlol) (rdaw SBhsl » 5o (Lol Jole (gjlog) <ol
ol Sy gl el ee I (S Giley) (aw Sl
S S iy 38> bl > (s 4 el ddls 585 Jloinl 5 (g5l
5 V] el silugy capte lagiuns (ol Slaal | (S (55l <l
8l el () BB 95 o 9 9,50 A9 53 (3lug) (s <L)
Tl adlie > O mm b /0 mm glas)l b (el cél) Yy ,Sk
e (iS5 Jetend b Gpzmes Culpy bl fe Sl
S (o oS (Sk baalpd )3 (834wl 53 Ceogliie S 4 (s5lug,
N8 556 ol Jole -fomm by pm glis) b (<dly)) 9,5 8l

1 Macrotexture
2 Hysteresis

moghadas@aut.ac.ir :olbilse Jlsesge o g ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )


https://dx.doi.org/10.22060/ceej.2024.21475.7734
https://www.orcid.org/0000-0003-3830-4555
https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

it silodde (hg) nl 53 Cusl aidyge 4l b pus aw o
Gilies slacamige b Lloj 5l ond cublyy cshngd polss olul
wasuis gl e 6l lacgeme jl odlitwl b STM .l lgeul
sl o cilises yglas duglio b el Jlasl g gl 1 no sl S
@il cpglar > calisee sla Shg ool jl L il o 1) (sdmsdn
syl S 98 ST Lawgi 0ud (oLl (a Shy Cusdge g SO
s S dnle b (g giiz ladde «oles )3 298 00 (e
DY) 2550 G5losl bl ganas Slaise o pglas

Teoy oolol i 93 B 3 plgiee | siman (GileJse Joo!
G (S gl (28 il 5 s yee bl (gortina
el Y3390 bl (oocins Als yo | als jo s (wtin Mol 9 (S
p9> JB ul (gwriz 013 Mol polai p Lilyy dloye (pl (295
eSS (gdmda dais pl Jae cil g pglal Cumdse dul>e 51 STM
T sdinidie gl b T gl s bl 6 ol Uslpe sl o
ol glind palais 4

slagy)gd 5l slasgerme b led cptiz I (gilug) daw (Jeol 5
O (SUigen Sl (YL gaw cunl pY 900 )P ppgal Jlewd
(SIFT)psbide <ol (Shag Joss piapsNl 09 48,5 5l ) 5l
LIWV] 25i 0 odliiwl polas o Sytie o Shy ololis slp
oy cillas polal dod > g odd glyeiul snd plwlid slo S
Slp gl Sl Slatie 5 oy gl clacudse b Wsd e
Slaye JBlas (gilwdineS jl odlitwl b j)Se jobo 4y Claises (pl g
(RANSACT) dolas aiges gloal o2 o8l 0 0 (Yl (s é
slacusdos (9> sl yiall [VA] 298 o0 o3litul (Shy Gedas (sl
O gl 50 03] (eSS (Sid walali | Ao duwin g (9> (e
2 oSy gladeds ol S5 4 el gladasuie b oKe wilyd oyl
Ll (Gamdw Slaisie i S

Sadls (050 5 5l (o ilwg) Bl Gos 56S0ke a3 li
ol [V] 59500 o3lital Cdly gy Cinogs gl Bias & ansl sdnsaus
SR oo o b dule (une )l @ o b (s 5k 4 eSS

9y »2 Sloph colus K o ol mig colue p caleSs ganaib b

Image pair selection
Triangulation

Bundle adjustment

Scale Invariant Feature Transform
Random Sample Consensus

NN D AW

£€0

Aol (Byme (gilwg) b cumdy b)) sln (Al laadle
395 50 dslne dule 3,18kl g, ok 5l Bes &5 cusl s cdly
o3kl )ge (eboste sloJlu (sl 45 Bl 2Lyl pousye sla sty (V]
2 beodgime cpl Wb 6 pS0ilul p olcudgize Wilad S 8
Sl lagygld A5l & nse lagby, By b sl sl o
u»)b)) o yog, O?-‘ 5! ‘:{, Ll 045 6303 gy zJJ.ZSUa odlasiwl 64
Silwgy Slasuin b5yl )0 gy opl bz sladis | .Col poad
worlue Wlo (gilwgy b liss 385 (6550;l0) sl ouds odlazul
Slause cpyieS b 300 cleMbl oy g 31585 (xje8 ¢ Juolgd wlia
2 Wl s i Sy 4 S by ol Slacaje
Lthbu»9) L 0dg d)L*’ﬁ) wlisee Slasin L;’L))I d])‘ M/Jbﬁ,.{
s sz gl G (s5lodte olel g2 WE ) (g
Samdw gloodly olul  (gilog) oSy (b)) 4w ) 3
55 ) (LTS s <l Sl [N 53] ol o ol 55l
L C.:l)’:.egr.'i o,{l d);)lfd..g C"L"’ Lol a.‘a.w (Camdw 6,50)'1.\31 dl).g
o1540])] i )3 by 595 g praw gyl 5 i LT (elac S
5 b Sus [Veowl odd )15 JaB LB ) Ken 5 K9 lawgs
CE &S b (sdmdw (6B ppand Lol slalil o)) (ol poyed
IV g 3] ol o cob (gilogy cdb Sloss (6 puSojlul ) Ll

Gt slaghy) g iugd bpadls augd b,
CxSoilul Lol Gun oS Lbuljl aims o &1 1) gamdw cla el
aol Ko 8 p YL L gilogy 5l dume aw byl «cdl
I din gilogy b)) Slr e Jlre sandw Slaadls
@ ped dmdw bl lagby, Sl edlitl 3 i ol
Sl B0l Janyge Jladss Clual b culio (656505100 sl 5l
@ b Xed S5 500 layll b ol <l (5,5 0jlul sl )l colalllas
930 pud yd S wly8 1y Lo yge (slaedly S g Al Cawd 345 CBum
Sl hgy ae gl Canl wre sl 55 olitulyyge () o8 4nja g
Gilwgy (aw <l 1) cunlio (samaws slaodly ol o [VY] )3 0a
2)S gl Sl

S (gl o sl g, 51 (S (STM) 8 o 1 ksl SSS

1 Mean Texture Depth
2 Laser texture scanner



¥OF U ¥FY dorao AF-Y Jlo oF o)lad OF 093 ¢pusS yuol (ylyos cwdins @ yuiid

[—r

Gilwgy CBL gumdn (5 el (o3> Cudild o ol ) S

Fig. 1. Pavement texture 3D image acquisition device

&15 001> s g13a1 =Y

o i 58d G368 i S )| dlde ol Lol Glaal 51 S
S ol ol )3 sl il aw <l Sl e lp auianeS
sk Jalosigay 5o (gl 5Lidyge polial &Iyl (gly oaly cldilyy o
Do o &yl o adlu oSiwd slinl iy cpl pd a0l 1)

ol 0 oS5 ) L;B‘b Coud 50 3 o&iwd (il o> ,l>
2o ()15 pguai dild b S o wald |y Sl cpl o)l oo
e JS JLal (el pizman Cg2)le il 20655 )18 (aee Ll
OS] SaS b a8 sl o3l il p w4 bayyo olSiwy 51
ol 03,5 a3 1y s oo b le 5 alidsy el
JSite cpl 53105l o sl (g5lug) pdow (g5) HYL ladih Siw Loyl yi
il plape D9diee Gandw glaJie ) (olooyis Sl 4 pxie
wlo dbml jl s Sole 5 b ppsal e > CEIESH 98 dbx]
Cpgas slaosls d)ﬁjé‘"? olSwd V S5 ol o sl e (g9 g

a3 o Hlis |y (ilesy b (gamdm

@@J&bol DMKW—\ -y

@yl gilwgy SKlas! jials wld gilodwd ly plas o)

MTD b (Lol Sy aule Gialejl 900 (e (g5logy s
A] ol
cdly gilogy 8l 395 bl Cua (oBg) 4 (oliws Baaly
8l sypSolul sl gamaw 053 g S dlie ol > YL
g @es i S ) JSiite a8 dul 3 el o 1)) ¢5log,
g3 s S5 sl 005 )] (S10293 (M3 5| (oS 5 L e
131y ol by oSl &l o ol oxdaw SlSlau] ials
A Slase Guges 2300 Sl gilogy g5y ] il sl gl
(SIM) ¢S o 5l il bgy cpobel 52 (sjlogy bl (s dlai
Sesse claShy psll 2 ilug) 8l Bes bl e cuns 4
Ll 3] bl 51 00l L Coles 15 g oo o)yl by (hasies
G5 ol (639158 29 0 1)) (53logy Bl a5 gl (o) (S
S S padld dwbre gl 4ijanS 5 Ll plase S &)
S oolaiel b (oolpiig i Cuol (ShHL g Siis bolyd > (g5,
Ol JSdia €816 95 b (aoms dbul g (ol (6315598 il
2oy dbul 4 e & (angd pSeilul 3wl dbml 5 2Ly,
PMTD disle sl (s (ogy .08 o o 1) 25 0 (andu Jdo
bylyd ) e Glasuin )55 obj)l el .ol 00 slpiuiy dx 4w

Lol (8 oyl dbd”i}i JERR U o.\.l.;fo.)Sﬂ ol 2y gj 3939

£87



Pt e oals
r Y
s
LR . hals
) ( ks JUlg
= sl St
o3 || e
ol
Gy pgead E>
@ L)
)
] L) L
\ J

S3lwgy CAL (51905 (50315 il 1 e (2955 9 1321.Y JSW

Fig. 2. Components of pavement texture image acquisition device

Llod (65030305 piams )3 g odalCandds ()15 guad dgl} g Cunbge
g0 plosl las 208" b (il Jdo Ul o

Sy (P COL Olasudo (b 5,0 -V
S8l st (5 Jio ) Y

Smde glaJo d (g pslad Joas sl STM I B ol >
5 edalcsddy (g paas soodls b gy cpl 295 o odlitul YU césl
pobad ¥ S el H5 Lo dllie cpl y3 0ad #81] 03> (¢ )yl xon i
b ot aib b (camdus Jde 5 00 8] ol bawgs odelcanddy (camgd

Gmdw (ol gl sawl -V =Y
s ey 8ol Sl dass pl e (gamdw slaodld

el 048 dpwlore (i g oo ©jgod Gilug) COL Bas

Silwgy 8l Gos =) =Y Y
sob 4 ¥ S 55 g 0id &l (V) dlasly jd sl Cpl dsloee oo,
Goe adls Conlo b mllas hay (pl 0 .Cawl sddosly i Soless

Silogy gaw podd A5y odle aw e e S &S (gl <l

abi il poml eamaw slas (ilug) e Ded e dule

$a33yg0 anl 13 3440 (slaalats Sawi b plyp o] Colue g abai ol )

ey

il Sbard b (gileg) gdaw 59y @le sl L) ool -canl 003
1y g3log o Sl jials Caliseo zolaw Ll o oS 3945 0 plon]
1Yl g5 yo b gy ) 1l g5 o 3l Blgiee @lo A (s3loduns

(g0

S 29 5120303 b =V ¥
2 a8 Conl (gdn9d 5y pamal B b 1090 O Jolds Ceand oyl
Sligron Wlodd Cuai YO+ CM 2 Carwg & olad > LSS Juolgd
285 5 )3 a3 SIS Sl 53 ol Cpgots Y g gy, 15
o 5 e S0l Gl i ) pen o o
295 )l (v Sl g (iS85 )3 Fhe (dele plyiear]) ile,
bl 00h dsnd (Sl y93 awgs o Sl (Gmgd prguad iy i
5 Silwgy €Ol (s pgai sloodld (5 glaer s 1321 ¥ IS5 ilosd
@l )3 bame (slod 56§l (Sl polaiods w0 L5 1) o (295
YY BOA oled o3gdze 3 auios opl 50 odid plosl (o)l podly ¢ oL
&S ol oolatwl (g 5l e cpl )0 Cpwcmed (Cuwl ol pll 4 yn
3939 Cygeo 40 S o gkl blEpl Oyaods 1) simdw glb s
ord S5 (gy0S bl §l ond dbgl Jo epsbiai > cogllasl L)y
oo )3 g onis (Glujl YL el col clsp 4 o
calises (glag,ldyealy poul b cplply €058 o5 )48 oolatwlyyge (gan

(lidgy 5l 5l )b ppgal b o paise inaw Jao col



¥OF U ¥FY dorao AF-Y Jlo oF o)lad OF 093 ¢pusS yuol (ylyos cwdins @ yuiid

S o] ewain el 5 (g Gedal (S gl sl

el 5 (gany edie (glal cud pglal Cde EET)

&l awe

\ J

=N skl

Camdw Joo & gliwd dg, Y JSUS

Fig. 3. The process of 3D model reconstruction

Siwg) S8l Gos (uSle (s Ll awlone P JSUS

Fig. 4. Calculation of pavement mean texture depth

£EA



Gilwey > sl wxbuo g (hd b gl Sl b S

Fig. 5. Extraction of linear and planar directional pavement texture

Py Glaxio 5 Jad Gysods gilwsy b glstwl 0 JSE o)
2 bt ls dubre b aad o lid ax)d A o YO & o Cax Hle
Gilwgy paw o 1) SKlaol Sy gliwly Gl o iz slacgs

55 sl

e g gbis -¥
» bl el Sl o dlise eVl glog, <ol b))l
Che gy 3eid cpl ol (daw cdl dlisee sladasuie
&l gdmdw laomio Oygods (gilogy COl Ges (asld (¢ Sojlul
S 5 Sllaol > il b b)) Jhre (. See a3l cpl 43
3 e gaw 5 lp Sy (adld pl dle el (o
alBlis (gylme Alg5 o plUSy0 45 3,15 g o 5l i b (jlwg,
5 b (e b))l QU el (ol Ngd Cgacme 384 pada
sslne silwgy C8l Bos (a3ls (las s )3 00 5 ) slasdo
oS ool caz ol o] ol s sl (gilsgy oxdaw SWSlasl cull
oS Canl 855183 el S (58,53 (K98 )l a3 ls oyl
oS Sygoy cul iS5t SKlasl T Saiws o'l sbailse

bl 5l ilme 3,5 )13 bl 3y90 Slazmio O jgon ux b

1 Hysteresis
2 Adhesive

££9

D95 en dplore Jaidyge S LS Lol s 5l 9 355 00 48,5 a3

D(p)=Maz(z)-=(p)

N
Vol =Y D(p) (V)
Pl
MTD = LOI
4

ol (53log) o (g9, ) Jaidjee 4L

sk bl Bes =Y -V Y

Oricalio &) )3 (00l Cunnl Bl shaasuio i (550jl8)
wle pladasiio ol b g ol Cunsy b)) Wy o)l
il 2 ke paSlS CBl Bes )b (aw iSej 5 Sl
2 03l cpl byl o sled 4 (ilogy (oo 2S5 cubls
S0 Cundy Gl Slge il paw > cilize skl
oy &)l gl

aw cdl Clasieo e gl Hblg el &) giuw



FO5 1 FF) domio AFF o F o)lads DF 0,93 S pual (et (ooodiges &yl

a0

Ay o>
(4?)& ’)Jﬂéul))ou‘jbd";u"

Gilwgy o SBlao!l ob5,l 40 baws &yl (g, 35,15 .2 JSS

Fig. 6. Ehe application of the presented method in the evaluation of pavement surface friction

S8 s el gilog) £ o aahSiw b ol )3 sl (il
500y (SBg0 Cls st Cpl &S Cawl (poly g o 90055 sl
23 gs 5l i 3 21 098 (b Sl Lads )3 (or S
ol Ll 00,5 o3l 295 (LB clls 4 0)lgd S ((gilwgy aib i
S8 05 ol a9 00 £ (655 Sl cage b i
36 sl Lais s g by 28,00 (el Sz 55 05l 555
Wd)uﬁ)elawﬁwyuadlsja‘o]9ufw9039aw
2 LS (65558 (SsKs 29 0 0anliio &S jobs lad D4 Aalgs
MelS™ (6 2551,8 ol &S Canl 5o a9 E 02 oo OIS, T g g e
g > colio €l ) S92 ized Cul (3lagy b o I e
oo Jole S8l () nl & 2900 CBL (SAD pj cge il
Silodse wasgil aidl Dy s gilugy daw SKlavl el )
fo.)% o 3y uﬁb w]))) u&.ﬂl U"9) L)Jl lawy Yl) uB.)L' (Simdw
g5 0 &ly) i )5 (gjlwgy ol Gos p (S adlhe pl Lol
b odgrcmlio Sl 6 )lme 5 3,5 il oly 4 o sl e Jobo 5
Sy &l e SWlasl 5 iSa; Jlate 5l gilwgy <l 340
Silwgy b (o (i8S (2Ll 55 0 Bl By 0 )8 A S
o) Ll G b 53 by Gl Bes 339 syl 40 Lm0 &)l
505 el 5 by o 3 3908 i > g sla B 252

£0

3929 Sl Cua pp 3 Yl (e 8L Bes im0 Sl (S
ol il Lol g o] ) bS5 O adso gla JUIS
955 5 08 e sl 3 aidy0e e LT Al oy b (o0
505 2l Car Sl b bl 4B )5 )E 03l e Sl O
okt l) sloasls Gilise glgl \ Jgte b @) (gjlog) oo
Jssz cal 2w ol 1) gl b adye (o)l 3)9e aasie
sl (e%e aode job 4 (i cpl )3 coudyge 3)lse wargil
Bl 01 Syt sloadld by (jlugy il o Clasia
s SBlasl byl 5 ek @) Uog) 3,18 5 S el o
Sty 398 oo odalie JSb cpl )3 &5 psblen s o (LS (g5lug,
sbolily )3 Gilugy e S8l Boe pSojlul b SBhasl Sl
s cpl e )l g5logy bia) Cowglds 1 gylre Milg5 o Calises
gyes S sliwly ;o jasls cpl ST Ol (edls duloe b
Silwgy Slaseia jlaie | Jlais)ge ol (ool il booly (5908 LS
2 5 05 a8 (Silugy S8l Ges Ll ol )3 1) og anls S
9 Silogy OB pln 3 Conglie Jouilty Ll S (62515 g5 aomss
Dgr Wled 168 gilugy Sl g ooy J3 bcos |, o slbadse
g sloailhe 8l Bas 5 3,90 50 005 S5 CudBly VS
4 baye SKlaol Cl  alhe a3 o Ginled 1) cél Sawws

Bl S g <5 > b 55 Sz (5] 5,8 Slatune ilsy



Shrio! wlouss dilge

97395 Sy g S5wg,y g o SBIo!l 43 (5lwgy CL Gos il LY U

Fig. 7. Effect of pavement texture depth on friction between pavement surface and car tires
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Fig. 8. The application of the presented method in evaluating pavement surface drainage
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Table 1. The results of the presented method in pavement directional texture evaluation
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Table 2. Indicators and characteristic to be evaluated
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Fig. 9. Texture evaluation in rainy conditions
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Fig. 10. Correlation between the results of the presented method and the sand patch method
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Table 5. Statistical details of coefficients
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