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ME 2%OItE &8 Ale 47 63%9 2% FF2.2 Ve 8 A9 HHA S W3l Zo)
Az ARG EoH, fElde] gle AR ol A} vls=3iAl Yebstth Alfaidoe] 3
A FFA BT AG S =0 Ao x WAl tjH] 50% o]/ 7EHE T AL
2 ENHSOH olg EUE T2 uFH A XA Al mE HAMAF 7]
& v Byl 2 2o Addnh

Aol : =R, AN S, A3, ABHEM

ABSTRACT

Eight colors prescribed by the Enforcement Rules of the Road Traffic Act and the group standard
were tested to secure the minimum recursive reflectance performance standards when drying and
wetting. The results were calculated to be 260.8 (mcd/m’-lux) when drying white and 154.6 (mcd/
m’-lux) when wet. Yellow was 67% compared to the white reflective performance when drying. Wet
poetry was 79 % and 59 %, respectively. In the case of blue, it was 64% in the case of white versus
72% in the case of white. Wet poetry was 63 % and 72 %, respectively. The range of changes in
reflective performance during wetting was higher than when drying, and the absence of glass grains
was similar to the previous results. The new colors also have a standard value of more than 50%
compared to the white color in red, orange, pink, light green, and green. Based on this, it was
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estimated that the minimum reflective performance criteria according to the color of the road
markings would form the basis for the enforcement rules of the Road Traffic Act.

Key words : Road markings, Reflectance performance, Color, Colour induction line
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1. SHEAIQE ALIQIO| 2HA

U] =t %% 2 % (Federal Highway Administation, FHWA)2] Ao AE A EA7} ARl Al A4S k]
et =29 A3 58 &yFa, F3 3 ot —;54 7%&7 = Aol Aok st
Aol &t 4 }
I SHEA WS gko] Ho}h %}7]7@11 Ax BA ALHE A A
TFZHAA AFALTE 11% T4 202 YEFGTHTRB, 2002).
o] xHEA WA ARE 8L wEALSY WY Foll et
| E55 WAL Zashe S B =
A= Aoz YEPFTHIOWA State University, 2010).
% iE’iE/\l H%ﬂﬂwﬂh 5ol dgk 2A5E DB3H2003d
£ BT dFdAe S S 39
IR #AE ASE FlsA
kel %fr% ﬂ%w } Zasstm, A7pgate] ol vis
7V5FSA THTTI, 2014).
4@011 wet AstEE AeE FAs A7) oot 9 wEAbaLe]
2 A eHEAE 17T 22 2.4med(nlux) @] BEARE 0] A skE o] 1
S Az orgttty AA ST oM, 200med(mlux) ©]5+Y A9 ozt WEBAlT A&7} ZrletE

d
Ao2 B35 H thHwang et al., 2015).
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2. THEA MFENES TIE

u] ol A= FHWAS} Pl =2 115 3 3] (American Association of State Highway and Transportation, AASHTO)
E FAHCE A&KAQ ATE IY Foln 7 FoAMe AAHA 7Es F&sta Utk o9} At
AASHTOO A F7HA1Q1 A+ +3& 98l 2017\d 1€ H& WA 71Es A8k MUTCDO whgato]
4 WA S 7]FE <Table 1>04 K= vpel o] £ 29| AgkE ko we} F GAZ Zefste] H4 vk
AHE 718E AABHATHFHWA, 2017).

r)J

ofr

<Table 1> Minimum reflectance performance

Speed Limit(mph) Minimum reflectance(med/(m? - 1x)) Exception
<35 50 - ADT <6000 Road
- Park, sign, crosswalk, seagull sign, etc.
- Loss of reflective performance due to snow removal work
- In case of unexpected situations such as equipment failure,
lack of materials, or contract problems, etc.

<70 100
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A Atk 1 F okzk 29| ¢ ASTM-DI011-520] A A 7] 23] SAHE WALEE HFrhe
ot 28y FAZAE SRR RS - med/m’ - Ix)E A EAS HrskaL lon, 7]FE <Table 2>} 2}

<Table 2> Night Identification Assessment

Evaluation grade Reflectance rate (ASTM(%)) Reflective luminance(med/(m2 - 1x))
5 8 and above 247 and above
4 6~8 186~247
3 4~6 126~186
2 2~4 65~126
1 Less than 2 Less than 65

v &3 B2 A9 th3ll Comite Europeen de Normalisation(CEN)ollA A 5h=

e AEAHAEE
BEETEES W23 oW, CENIA #A4% =HEA] #3174 (Road Marking Material EN- 1436, 1997.8)5
AR SHFTA L AR Al BAAS ghe 7AEHA ga wH EA 9] 2HE 4= (functional life) 5] A&
T 71ERE Xﬂ/\l‘}i AT E=ZH %tﬂ g v Z= 2 J*(day hght)oﬂAM HH}H%Jr SAC x}

<Table 3> Classification of Reflection Performance in Daylight Conditions

Color Road surface Class Minimum reflectance(Qd) (mcd/(m2 - 1x))
Q2 Qd>100
Asphalt
3 >130
‘White 83 g:> 30
Cement, Concrete Q4 Qd=> 160
Q1 Qd>80
Yellow ® Qd=>100

<Table 4> Classification of Reflection Performance in Daylight Conditions

Road surface Class Minimum reflectance(Qd) (mcd/(m2 - 1x))
R2 RL>100
White R4 RL>200
R5 RL>300
Permanent
R1 RL>80
Yellow R3 RL>150
R4 RL>200
Temporary R3 RL>150
R5 RL>300

o|¢b= WL E CENOA = EAQ] ozt WA 5ol tiste] A zg =4l AE 150med/(m2 - 1x), &
£33 =HAEHANAE 60med/(m2 - [x)S BANA AEAA 7S AR 2 fAxsta 9ot
3FE Australian Standard(AS) 4049.4-2006(R2016)o4 HEA )

7
k=1 t 7173 (pavement marking
materials Part 4: High performance pavement marking system)S A A3} UTh =

A9 4% SeEEHE A

40  SIRITSYR| =21 197, M6=2(2020H 12¢)



d, AdEl A, f7189HE S AANAE SR A, A, Vg A 2 nRE 55 Zold}
I QoH oS <Table 5>9F Zth
<Table 5> Minimum reflectance performance
. Minimum reflectance(med/(m2 - 1x)) - Dry Minimum reflectance(med/(m2 - 1x)) -
Classification
initial value intermediate value final value initial value | intermediate value final value
RDO No requirement | No requirement | No requirement | No requirement | No requirement | No requirement
RD1 >250 >200 >150 >250 >200 >150
RD2 >350 >250 >150 >350 >250 >150
RD3 >500 >350 >250 >500 >350 >250

el B9 A TuTeiEA AR - B wiid, ol AN ZIEe Aolsta it

<Table 6> Minimum reflectance performance in korea

Minimum
Classification reflectance(med/(m2 - 1x)) Remarks
White | Yellow | Blue Red

Angle of | Observation
investigation angle

The minimum recursive reflection performance
Installation 240 150 80 46 | standards shall be maintained from the date one week
after installation to the date of completion

88.76° 1.05° - — -
(1.24°) (2.29° Methods for measuring the minimum recursive

reflectance performance on wet surfaces shall be
Wet 100 70 40 2 according to those prescribed by European Standard
(EN1436)

1. TFEAE 3 J19|

HEA L] AAALS] AL /A glo] AR Al 2 F&A, $HA RHEA] AARAL S0l Tt
oh ASTM E17103%} EN 14362] CEN 30-meter Z37]%& WS W&, A2 S HIEA E2F HA Al F
Z AFEEE StripeMaster [T 0] 52 =HEA] AAUAL SH7|E ALESt] 2439 TH

Source: Advantage Specialties (http://advantagespecialties.ca)
<Fig. 1> StripeMaster 11
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A= 4FA 2 99 F5554 A SR HAE A dxd nHA REAAN TERuEy
N2 ol A =HEA A ) 7R 9} A7) dAEFNAM AT W A Al s Ay & F=3A
AL 7120 WE AAHAE 5SS 245 HAV|ES vl wET
Ay A FE4E02DH U T4 ASE FAHSIAL I ol I Fe A AlFe B
], P2 oA ool B AR 7|ESA Qo] 7P Wol 2ol A wkAo]y] wEo|t)
2 2118 T AAAE Z2A)9} 3 A|(AZE
A 248 79 7]

=
¥ EN1436 oA At A v

A10.3m EolollA H 4 38E 9] &8 =

Ao A F& (.
0+2)mme] A%, HAZ9) 2ujel HAAZE 03mE 7R B2 A

g g3,

Wet(EN1436)

<Fig. 2> Composition of Initial Recursive Reflection Performance

ol 9] <Table 7>

3. DMIZ XA £l
B Aol A Aljkete WA 87kA] Al tidh =HEA S 9 {EY AEFL
2l TA A T840 e, FElde JtE1Ee} 713252 TR 47 2HE 2folof 9T
AARAE S-S f%s}u} ST
OIRITSY| = 27| 193, M62(2020H 128])
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<Table 7> Amount of paint material input

Materials(10m’) unit KS M6080 type 2
paint liquid phase ¥l 0.420
SWARCO No.1 K
refractive index 1.50~1.64 &
beads 0.400
SWARCO No.2 K
refractive index 1.64~1.80 &
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<Table 8> Results of white recursive reflectance performance measurement

Glass beads Road surface reflectance performance(med/m’-lux) measured value
status condition 1th 2nd 3rd 4th Sth average
Dry 60 61 67 69 70 65.4
No beads Wet 62 61 76 84 71 70.8
Rain 8 4 11 11 12 92
Dry 339 321 354 359 372 349
S\KI’\I:}.{ICO Wet 189 148 133 165 138 154.6
Rain 34 25 29 29 36 30.6
Dry 407 384 495 455 356 4194
S\K;:IZCO Wet 143 103 175 190 151 1524
Rain 3 5 21 20 9 11.6

FA A AR B A, frElde] fle 2dME F& A AFTAMISe] Az ARG E4
el Sl As & F Atk ols EAM ] WAL dE] F Sty o s dddn fEde] fF
of BAglel £ Al H4 A se FRepA Fafa 9}2131, WA o] ol Ao} o] Az Aol 7tE
2504 8] WA 5ol w2 W FE g SAE0] B2 728 0AM o] wAMY 5ol WAl UEhy
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Itk Az A 58 AlY Ha 71% 1503 705 E'J FS %3} Hﬂ HMIOHHL 335}
IS d F AUk Ax A 9 s iy 34, 7ls15dA = 6
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<Table 9> Results of yellow recursive reflectance performance measurement

Glass beads Road surface reflectance performance(med/m’-lux) measured value
status condition 1th 2nd 3rd 4th 5th average
Dry 39 38 40 42 42 40.2
No beads Wet 63 60 59 63 59 60.8
Rain 6 3 6 13 6 6.8
Dry 212 249 283 209 214 2334
SV\;/T)IiCO Wet 125 108 144 137 96 122
Rain 16 9 9 10 4 9.6
Dry 273 269 242 228 292 260.8
SVL:}ZCO Wet 81 81 92 97 99 90
Rain 4 9 6 9 8 72
rEREEY AT AT AN A xREAY AR A% S8 A A2AAWAS N1EL
247} 803} 400lch. A A AT B4 ARl E AT Z7lIAE o 71EE BEHT YTE ¢
o= old

o

F oAtk fEld 2HEC] & VFS23 YA E X Al vl B4 YEREL oy & Al
o Ao A9} o] 7tE 15 olA e AFRA T I
Az A WAl H]-/\]./H‘— o4 7é,gn 7151%
7t 63%SF 12% T2 Uehgth & Al gt
T ol Axe} nlszstA yebsth

NAE 64% TFo0 1111 JI325 e 12%0]t) &8 A= 7
A W3l Zo| Az ARG o fE|go] fle A

<Table 10> Results of blue recursive reflectance performance measurement

Glass beads Road surface reflectance performance(med/m’-lux) measured value
status condition 1th 2nd 3rd 4th 5th average

Dry 38 37 39 37 37 37.6

No beads Wet 53 54 51 55 53 532
Rain 4 3 3 4 4 3.6
Dry 228 224 238 221 211 2244

S“I]\Iﬁco Wet 116 89 119 81 85 98
Rain 22 16 89 4 3 26.8
Dry 262 312 316 297 315 3004

S“I]\I/t)};CO Wet 88 94 110 117 136 109
Rain 11 9 18 11 12 12.2

| NI AAto] THTEIES AlEzn

N
-—

A T2 EH A2, dle A9 HAAAMAE TS AN Utk Az A8 F& A9 V&
247y 463} 230t} frEldol §le Afode &8 AldA o] 7EE HEFS B 9

A AAANE TS A2 Aot F& AlolA] o] e] Aol Aels g 1 FHo] WA S ¢ F
Az A Ao gAY TiH] A 7kE 1S s 23% o, 7tE25 oA 24%0 A
Y2y 37%S} 41% o2 Yebgth FA9 AedAs 238 & Al AAMAM Fol 1= M

A
A=

ne g
E
iy

oo xe

N
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o ABE UeiD Uk A% Mgk 8 Ao ARMAYS BE F5H0] oA Agurt ¥l ks
Aow BAHH, fEdo] gl A9 Az AdA 0 e oz yehdth

<Table 11> Results of red recursive reflectance performance measurement

Glass beads Road surface reflectance performance(med/m’-lux) measured value
status condition 1th 2nd 3rd 4th 5th average
Dry 12 13 12 11 10 11.6
No beads Wet 48 49 48 49 49 48.6
Rain 2 3 3 2 2 24
Dry 73 84 79 81 83 80
SWARCO Wet 66 56 59 53 53 574
No.1
Rain 5 4 3 3 2 34
Dry 95 100 98 103 97 98.6
WAR
S o Wet 58 59 63 65 66 62.2
No.2
Rain 6 4 6 6 3 5

FEA A A s FY A FEIdo] fle BF 58 A B sl Ha 7)ed A8t
A UES & T AL Ax A kRIS 7FE2E A HA V)Ee WSSk Yoy F& A TtE1ECdAME
Ha 7]l vl A8 JloH, 13dAE 7S S5 XEE & A

SAFEEZANM GT Ha AT AR 240 dadte FAT  dou, dx Ao AT
el A s & Al Bl =/ Yetus Ax a8kl 7lEe Ae] Besita dddn
FA ] WA TS Az Al B4 tin] 7131300 A = 4% FEOIH, 725 ME 51%00t 58 Ale 7

7t 44%%} 59% TEOE YEISTH

<Table 12> Results of orange recursive reflectance performance measurement

Glass beads Road surface reflectance performance(med/m’-lux) measured value
status condition 1th 2nd 3rd 4th 5th average
Dry 30 33 33 32 31 31.8
No beads Wet 55 58 55 62 55 57
Rain 2 6 6 14 5 6.6
Dry 163 160 146 143 149 1522
S\K;ﬁco Wet 63 62 67 59 87 67.6
Rain 8 6 2 2 4 44
Dry 202 227 195 206 233 212.6
S\K;/t)};CO Wet 81 97 80 92 101 90.2
Rain 6 10 6 10 11 8.6

o GAEEANAM B3 A= Aot 58 Ao H2AATMAS 71E

ﬁ
i o

BAETh Aake) B4R AT ol ANMAAE F17l olee Aow Aot wa )
8 SEo WA S oI otk Yol §1e W Az AdE WA TeoR & AT e
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<Table 13> Results of pink recursive reflectance performance measurement

Glass beads Road surface reflectance performance(med/m’-lux) measured value
status condition 1th 2nd 3rd 4th 5th average
Dry 49 49 49 48 50 49
No beads Wet 57 66 57 55 60 59
Rain 1 9 1 4 2 34
Dry 308 269 260 239 216 2584
S\K;ﬁco Wet 138 94 135 133 154 130.8
Rain 13 2 3 4 9 6.2
Dry 262 346 387 362 402 351.8
S\K;/t)};CO Wet 138 100 135 147 140 132
Rain 13 9 9 13 22 132

gt A Aol g AlF $ 1Y ol AFANANE TS ST A 32 <Table 14>9 Zth
) s} 7tS25 04 Ax Al HA& AATNES 7IES FFIe ZoE A4 HUTH
718235 &8 NAAE & F£EO7 7|ES BEEFHOY JtE1TdAE 1 s W3} Zo] w9 YA
71EE F5HA Xote AR dden, fElde] gl 8 AYE Hsd £ UEr T T
A =6

7%°It}. 58 Al

<Table 14> Results of light green recursive reflectance performance measurement

Glass beads Road surface reflectance performance(med/m’-lux) measured value
status condition 1th 2nd 3rd 4th 5th average

Dry 36 34 35 35 36 352

No beads Wet 61 56 53 57 55 56.4
Rain 3 6 3 1 1 2.8
Dry 249 197 216 212 197 2142

SV&I]\?()}.{ICO Wet 136 9 63 52 54 79
Rain 39 3 2 2 3 9.8
Dry 251 299 262 273 317 280.4

SV\;/T)I;CO Wet 92 109 120 126 121 113.6
Rain 10 3 18 10 9 10

A A AR B4 Al AL feldel gl A0 A% A WSS Ase] $E w2

W RIS Holw Qov], F& AoIHE JIE At 2 WSS ey gtk
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Az ANt 8 A BF 71FE 53 Ao YeEgth £ AldAde fEde f5d BAgle] =
HAi 7)F =& - < :

Az A WA WA S ] B4 715150 E 33% FFo|H, 7lE23 M E 36%0Ith S8 Ale 7
Zt 55%9F 70% FF=°o2 UERSTH

FEo
q

<Table 15> Results of green recursive reflectance performance measurement

Glass beads Road surface reflectance performance(med/m’-lux) measured value
status condition 1th 2nd 3rd 4th 5th average

Dry 14 17 16 19 16 16.4

No beads Wet 52 50 52 52 53 51.8
Rain 6 3 5 1 2 34
Dry 126 119 111 117 106 115.8

S“I]\?;I.{ICO Wet 101 97 99 74 55 852
Rain 2 2 4 2 3 2.6
Dry 143 139 151 157 163 150.6

S“I]\I/T)IZCO Wet 101 97 99 118 117 106.4
Rain 6 3 6 8 7 6

V.4 &

AFEHINE LEUFEA T AFHANELET 7714 2T Fall AL ot 2 833 458
Asl Ak AN Sof ofF, =] A, T Tl i RS MG "TE2uFH A 1F
EAFA ] ta] Ak AAE AASAL 1AL, TaEeHEA AR R lA e HellA AHskA x
& AA71Z Sl el AAst] £ Foll Aok T2v dF EdaYAAAE =2 0] &9 kS
A kvl By ot

re2usH, 39 ol 2357 &= &
FA ] A 5 g0l WS 7]F0] oFF AeiA A ekom e =AZ
= OEA AA-YEE A7 AAAEE BT 5 9o A=A
27 o]FAA & gl EAIFC] Utk
b, B Aol s AFazAY =94 gEo] QAN Aol vl EHuE, dFAYE AHRE
Hgo R re2wsEH AT, @ sl XA fyd,d i AHE 5oz st gtk
ARHoz= APFHANA AASIL e wE=AFEA s A 2 V&S HESY ddsts 5
I, TEENEN, b9 23R & AFuErdREA s TE2uEy, MY Y 233}
ek 3 Al E90E Z0E gAEE mHEAL Aol B i T AlE 2 ENERE A B
A Y Z3E BEOE a5l IEA U 4% 58
re2wsy A, 7 oA

5% SRE % BPAPS
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o2 At AEEHUOH, FA e dx A HA HiALYE B A TS 15N 67% TO
H, 73230 ME 63%0Ith & Ale 472 9% 59% Eo2 Uelsith Ao o= wAlge) 7}
S13ME 64% FFoIH, 7tE28 A E 12%0lt 58 Alv 44 63%SF 2% T2 UERT 8
Aol B s W3l Fo] Az ARG 2o fEiYe] gle A= olHe A} nusiAl Yt 4l
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