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(SUMMARY

Purpose &
Contents

O Purpose

- To develop phosphorescent line marking that ensures visibility through phosphorescence in
a long distance where lighting is insufficient and visibility through retro-reflection in
a short distance where headlights reach providing enhanced night visibility, and to
develop high-performance and long-life line marking standards that can address issues with
the existing manual line marking techniques, and to develop high-performance and long-Iife
line marking technology with development of an automated |ine marking equipment satisfying
these standards.

O Contents
(1) Development of high-performance and long-life Iine marking standards.
(2) Development of the technology for phosphorescent |ine marking using phosphorescent
pigment.
(3) Cost-benefit analysis of the new |ine marking technology.

Results

(1) Development of the High-performance and long-1ife line marking for life cycle system
- Establishment of the performance criteria for the high-performance and long-life
line marking

*Performance criteria for the high-performance and lon-life line marking: durability, quality
control, retro-reflection, and phosphorescent Iuminance.

— Development of quality assurance measures for the high-performance and long-life line
marking

*Performance improvement of the line marking equipment; development and performance
evaluation of the automated compact hot-melting type l|ine marking equipment.

*Development of the quality assurance measures of paint and beads.
— Implementation of high-performance and long-life line marking for life cycle system

*On-site line marking tests; performance evaluation of coating thickness, impregnation rate,
retro-reflection, and phosphorescent |uminance.

*Development of guidelines for the high-performance and long-life line marking.

(2) Development of phosphorescent |ine marking technology using phosphorescent pigment
- Optimal mix design for the phosphorescent |ine marking paint (the 1st Phase)

«Establishment of the application scope of phosphorescent |ine marking, and selection of
the phosphorescent pigment through comparative analysis.

*Basic experiments on the phosphorescent |ine marking paint mixture; optimum mixture-ratio
of the phosphorescent pigment

- Optimal mix design for the phosphorescent |ine marking paint (the 2nd Phase)

*Establishment of the optimum mixture-ratio of the line marking paint by ingredient; review
on compliance with KS standards.

*Performance test of the phosphorescent line marking paint that complies with KS standards;
analysis of retro-reflectivity and phosphorescent luminance based on bead refractive
index, coating thickness, light source, brightness, and light source irradiation time.

+On-site performance analysis after the pilot application on public road. (the 1st Phase,
Pyeongtaek City)

- Pilot application & monitoring of the phosphorescent |ine marking paint

*Pilot application & monitoring; monitoring of retro-reflectivity, phosphorescent
luminance, and slip resistance for 6 months after the application. (the 2nd Phase, Pocheon
City)

*Development of Design & Application Specifications for the phosphorescent |ine marking
paint; Suggestion of the optimum mixture-ratio for the phosphorescent |ine marking paint
included, the quality criteria for the added retro-reflectivity and phosphorescent
luminance.

(3) Cost-benefit analysis of the new line marking technology

- Traffic & ergonomic review on the new |ine marking technology

+Case study of the application of the new line marking technology (application of the
premium |ine paint in Gyeongbu Line).

» Accident reduction analysis (analysis of accident data for 6 months);

- Cost-benefit analysis of the new |ine marking technology
*Benefit estimation of the new line marking technology.
*Estimation of the life-cycle costs based on the increased life span of the line marking.
*Economic feasibility on the high-performance and long-life line marking technology.




Expected
Contribution

O The phosphorescent |ine marking technology can be applied for various traffic signs used on

roads such as al leyways and crosswalks, and for safety signs used in other roads such as bike
path and walkway, for evacuation guidance signs where power outage can occur during a
disaster, and for line marking on mountain roads or other heavily curved roads where
headlights do not reach.

O Hence, the phosphorescent |ine marking paint developed in this project will be

commercialized through the NEP certification of a new product as the high-performance and
long-life line marking paint that applies phosphorescence to the existing retro-reflection
capability. Another final research product, the automated compact hot-melting type line
marking equipment, can be utilized not only for the phosphorescent |ine marking paint, but
also for the general hot-melting type |line marking paint especially for the application in
urban areas where it is difficult to deploy large-sized equipments. Thus, it will go through
the NET new technology certification process as well.

Keywords

Phosphorescent | Phosphorescent

High Night Benef i t-Cost
Per formance

Line Marking Pigment & Long-L i fe Visibility Analysis
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719} v E o]l E7 AdE] AEA FdETo Al W Ao E TS A A F=

3l QS (E2aFEe a5+, 2014).
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O 3k HAEAge A83t+= g8 du) 24 LLEPM(Low—Location Exit Path Marking)
System-2 Active System¥} Passive Systemo.2 F-#% =4 ©]F Passive System= %
714 YA E o] &3FA] ¥l T2 1A T =3 (High Performance Photo Luminescent,
HPPL) A=E &%

— HPPL Q+%7d : ASTM E-2073—07 'Standard Test Method for Photopic
Luminance of Photoluminescent (Phosphorescent) Markings'(oF4(<13%) %2 3%
AAEE) Aol oA, obd Edel AR WS 2§ 1 Ulg AAS 1.5
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(H49 @ med/m)

i T2.0/G(X) T3.5/G(X) T5.0/G(X) 7|&
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20 min 48 52 52 24
60 min 15 16 17 7
919 W1E 200 x4 13,000 x7hA) AFAA 7he] 2087 FAGA 2AAL F 3
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Al Agdele 7183
£ A G ER B T
713t
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s Q7 Nhke) | T;f’;ju] %
1 715 resin 144.0 16.0%
2 0.0 0.0%
3 tio2 81.0 9.0%
4 71 e}k 49.5 5.5%
5 in bead glass beads 180.0 20.0%
6 filler caco3 76.5 8.5%
7 flow control resin 9.0 1.0%
8 ' 360.0 40.0%
22 S—TOTAL 900.0 100.0%
AA T TF 900.0
B4 g ¥ B4 - A=FA4d ¢4
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<i# 3.51> Al 2 EUEY vy A% g

(k9] : BPN)
k= a5 Point—1 Point—2 Point—3
A& 0 46.2 44.7 45.2
13} 28 43.5 43.4 43.4
22} 46 44.2 45.4 44.4
32} 81 45.6 45.2 45.7
42} 98 45.1 44.4 44.2
52F 120 42 .4 42.9 42.9
62} 138 41.0 42 .4 42.7
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<¥ 352> AFAWAL ZUEHH g(AFH F7H
(9 : med/(m'lx))

2} | Point—1(AZ) | Point—2(A=Z) | Point—3(AZ) | Point—1($%+) | Point—2(58) | Point—3(&H%)
A& 624.0 571.1 596.9 314.8 287.2 306.0
12} 604.7 542.7 579.7 346.0 245.0 305.0
2z} 541.0 529.0 552.0 213.0 217.0 189.0
3z} 587.7 614.7 611.7 178.0 196.0 195.0
4=} 521.0 497.0 505.7 204.0 187.0 190.0
52} 654.0 594.3 614.7 212.0 277.0 312.0
6} 587.7 610.3 591.7 243.0 181.0 216.0
700
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(9] med/m’)

SN 18:00 | 18:30 | 19:00 | 19:30 | 20:00 | 21:00 | 22:00 | 23:00 | 0:00 | 2:00 | 4:00 | 6:00

ZBIAIZH(IE) 23 53 83 113 143 203 263 323 383 | 503 | 623 | 743

3-%%1 | 824.0 | 61.0 | 42.0 | 35.0 | 34.0 | 22.0 | 20.0 | 17.0 | 14.0 | 12.0 | 9.0 | 8.0

o
F-%42 | 652.0 | 61.0 | 43.0 | 34.0 | 33.0 | 21.0 | 19.0 | 16.0 | 13.0 | 11.0| 9.0 | 7.0

(e}
-%43 | 454.0 | 54.0 | 42.0 | 35.0 | 31.0 | 21.0 | 19.0 | 16.0 | 13.0 | 12.0| 9.0 | 7.0

&-%35 | 249.0 | 50.0 | 51.0 | 41.0 | 34.0 | 30.0 | 20.0 | 18.0 | 16.0 | 14.0 | 10.0 | 9.0

=46 | 212.0 | 50.0 | 39.0 | 36.0 | 31.0 | 22.0 | 18.0 | 15.0 | 14.0 | 10.0 | 9.0 | 7.0

]
]
I
AF-%%4 | 324.0 | 56.0 | 41.0 | 36.0 | 33.0 | 22.0 | 19.0 | 17.0 | 14.0 | 12.0 | 10.0 | 8.0
] r
]
]

3-%%7 | 198.0 | 53.0 | 38.0 | 36.0 | 30.0 | 21.0 | 19.0 | 16.0 | 13.0 | 10.0 | 8.0 | 8.0
THE) 47 7”7 107 137 167 227 287 347 407 | 527 | 647 | 767

12541 64.0 | 33.0 | 23.0 | 19.0 | 14.0 | 9.0 8.0 7.0 6.0 | 5.0 | 4.0 | 5.0

12p-=-342 57.0 | 31.0 | 22.0 | 18.0 | 15.0 | 12.0 | 8.0 7.0 6.0 | 5.0 | 4.0 | 5.0

12}-5-43 58.0 | 31.0 | 22.0 | 18.0 | 14.0 | 11.0 | 8.0 6.0 6.0 | 40 | 4.0 | 4.0

12534 52.0 | 30.0 | 21.0 | 18.0 | 14.0 | 10.0 | 8.0 7.0 6.0 | 5.0 | 4.0 | 5.0

12F-545 49.0 | 20.0 | 21.0 | 17.0 | 14.0 | 10.0 | 7.0 6.0 6.0 | 5.0 | 3.0 | 4.0

12}-5-346 50.0 | 28.0 | 22.0 | 17.0 | 13.0 | 11.0 | 7.0 7.0 6.0 | 40 | 4.0 | 5.0

12547 46.0 | 27.0 | 21.0 | 17.0 | 15.0 | 11.0 | 8.0 7.0 6.0 | 5.0 | 4.0 | 4.0

ZBIAIZH(IE) 46 76 106 136 166 226 286 346 406 | 526 | 646 | 766

22541 67.0 | 30.0 | 21.0 | 16.0 | 12.0 | 10.0 | 9.0 4.0 50 | 40 | 4.0 | 5.0

25342 70.0 | 31.0 | 22.0 | 16.0 | 14.0 | 11.0 | 9.0 7.0 50 | 40| 40| 7.0

2AF-%43 53.0 | 25.0 | 16.0 | 14.0 | 11.0 | 9.0 6.0 5.0 50 | 3.0 | 4.0 | 6.0

22544 61.0 | 30.0 | 19.0 | 17.0 | 12.0 | 10.0 | 9.0 6.0 50 | 50 | 5.0 | 6.0

22545 47.0 | 26.0 | 17.0 | 15.0 | 13.0 | 8.0 7.0 5.0 50 | 40 | 4.0 | 5.0

22546 51.0 | 31.0 | 20.0 | 17.0 | 14.0 | 11.0 | 8.0 7.0 50 | 50 | 5.0 | 7.0

22587 45.0 | 26.0 | 16.0 | 14.0 | 12.0 | 8.0 7.0 5.0 4.0 | 4.0 | 3.0 | 5.0

ZBIAIZH(IE) 46 76 106 136 166 226 286 346 406 | 526 | 646 | 766

22531 67.0 | 30.0 | 21.0 | 16.0 | 12.0 | 10.0 | 9.0 4.0 50 | 40 | 4.0 | 5.0

22542 70.0 | 31.0 | 22.0 | 16.0 | 14.0 | 11.0 | 9.0 7.0 50 | 40| 40 | 7.0

22543 53.0 | 25.0 | 16.0 | 14.0 | 11.0 | 9.0 6.0 5.0 50 | 3.0 | 4.0 | 6.0

e 61.0 | 30.0 | 19.0 | 17.0 | 12.0 | 10.0 | 9.0 6.0 50 | 50 | 5.0 | 6.0

22545 47.0 | 26.0 | 17.0 | 15.0 | 13.0 | 8.0 7.0 5.0 50 | 40 | 4.0 | 5.0

22F-%36 51.0 | 31.0 | 20.0 | 17.0 | 14.0 | 11.0 | 8.0 7.0 50 | 50 1] 501 7.0

e 45.0 | 26.0 | 16.0 | 14.0 | 12.0 | 8.0 7.0 5.0 4.0 | 4.0 | 3.0 | 5.0
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SR 18:00 | 18:30 | 19:00 | 19:30 | 20:00 | 21:00 | 22:00 | 23:00 | 0:00 | 2:00 | 4:00 | 6:00
ZBIATHE) 0 30 60 0 120 180 240 300 360 | 480 | 600 720

3541 | 59720.0 | 235.0 63.0 48.0 | 4.0 | 38.0 | 34.0 | 30.0 | 29.0 | 23.0 | 10.0 4.0

3A-542 | 58440.0 | 207.0 60.0 48.0 | 44.0 | 39.0 | 3.0 | 31.0 | 2.0 | 20 | 7.0 4.0

3A-543 | 44290.0 | 156.0 47.0 340 | 3.0 | 2.0 | 26.0 | 23.0 | 24.0 | 13.0 | 8.0 4.0

3534 | 29500.0 | 151.0 52.0 38.0 | 42.0 | 36.0 | 30.0 | 28.0 | 28.0 | 21.0 | 6.0 3.0

3x-%45 | 30400.0 | 110.0 43.0 32.0 | 38.0 | 32.0 | 27.0 | 24.0 | 23.0 | 8.0 | 6.0 3.0

3536 | 30660.0 | 97.0 41.0 33.0 | 29.0 | 270 | 28.0 | 2.0 | 240 | 7.0 | 7.0 3.0

3547 | 28950.0 | 93.0 41.0 2.0 | 31.0 | 30.0 | 23.0 | 4.0 | 2.0 | 7.0 | 6.0 4.0
AIAZHE) (24) 6 36 66 % 156 216 216 336 | 45 | 576 696

42531 | 329400.0 | 20020.0 | 92.0 34.0 | 2.0 | 16.0 9.0 8.0 7.0 | 40 | 4.0 8.0

Ax-Z32 | 282300.0 | 16450.0 | 84.0 32.0 | 2.0 | 17.0 9.0 8.0 7.0 | 40 | 4.0 7.0

Ax-533 | 255300.0 | 14320.0 | 79.0 340 | 23.0 | 16.0 | 11.0 7.0 6.0 | 40 | 3.0 7.0

Ax-=34 | 235500.0 | 11530.0 | 60.0 28.0 | 18.0 | 14.0 | 10.0 7.0 6.0 | 40 | 3.0 10.0

Ax-=35 | 167600.0 | 8450.0 | 63.0 30.0 | 2.0 | 14.0 | 11.0 7.0 7.0 3.0 | 4.0 1.0

42-=36 | 189000.0 | 7010.0 | 58.0 30.0 | 21.0 | 17.0 | 10.0 6.0 7.0 | 40 | 4.0 13.0

Ax-=37 | 186600.0 | 6580.0 | 56.0 29.0 | 2.0 | 15.0 | 10.0 7.0 6.0 | 4.0 | 4.0 13.0
Z3IAIZHE) (55) (25) 5 35 65 125 185 245 305 | 425 | 545 665

5xZ41 | 873700.0 [336600.0| 28540.0 | 111.0 | 34.0 | 20.0 | 12.0 9.0 7.0 | 40 | 4.0 | 8700.0
S5x-%42 | 758200.0 [274900.0| 22340.0 | 94.0 | 31.0 | 65.0 | 11.0 8.0 6.0 | 40 | 4.0 | 9850.0
5x-=-43 | 839800.0 [305800.0| 21900.0 | 100.0 | 37.0 | 20.0 | 13.0 9.0 8.0 5.0 | 4.0 |11230.0
5x-%44 | 759300.0 {239100.0| 15920.0 | 80.0 | 31.0 | 20.0 | 13.0 8.0 6.0 | 4.0 | 4.0 |17310.0
5x-=45 | 639700.0 [196400.0| 10990.0 | 87.0 | 39.0 | 21.0 | 14.0 9.0 7.0 | 4.0 | 4.0 |128060.0
5x—%46 | 610900.0 [233500.0| 11520.0 | 74.0 | 34.0 | 17.0 | 11.0 9.0 7.0 | 40 | 4.0 |28160.0
5x-=47 | 512600.0 [224400.0| 9550.0 | 75.0 | 33.0 | 18.0 | 11.0 8.0 7.0 5.0 | 4.0 |25420.0
AT () (77) (47) (17) 13 43 103 163 223 283 | 403 | 523 643

64541 |1090300.0|703300.0| 266200.0 | 9400.0 | 106.0 | 23.0 | 14.0 9.0 7.0 | 4.0 | 3.0 |222000.0
64542 |1011700.0(648900.0| 241900.0| 7490.0 | 93.0 | 22.0 | 12.0 9.0 6.0 5.0 | 4.0 |226000.0
6x—=-43 |1091700.0(658700.0| 235300.0| 6880.0 | 97.0 | 22.0 | 14.0 9.0 7.0 | 4.0 | 4.0 |207800.0
6x—=44 | 868800.0 [561000.0200200.0| 5080.0 | 80.0 | 23.0 | 11.0 9.0 7.0 5.0 | 4.0 |253000.0
64545 | 863900.0 [487500.0| 169700.0| 4140.0 | 77.0 | 23.0 | 13.0 | 10.0 | 8.0 5.0 | 3.0 |194000.0
64546 | 813800.0 [526700.0| 183500.0| 3610.0 | 70.0 | 21.0 | 13.0 8.0 7.0 5.0 | 3.0 |291400.0
6x—=-37 | 961200.0 [573900.0| 185400.0| 3600.0 | 71.0 | 22.0 | 13.0 9.0 7.0 5.0 | 4.0 |274200.0

_84_




A=A 7o 2 AdEs dolHE X H(FF 6)o=2 AH Ry 98] d& F 1247tS

SUHY A FYIE S 30804 247 wAE AAsels] W] AZE wE
EYAES dotd FE AT FPYTY JFS HT £ 92 Qo wuy

N 27) @ 62 RUEP 3 9wike dwuy A e ve dewshs &
=] AT

QlEx] erow RUEY A o] JaFLS uk

<3 3.57> A (F36) wE AR 53

)
b
3
)

(49 med/m', &)
ZAAIZE +60 | +90 | +120 | +180 | +240 | +300 | +360 | +420 | +540 | +600 | +720
AZ %36 | 50.0 | 39.0 | 36.0 | 31.0 | 22.0 | 18.0 | 15.0 | 14.0 | 10.0 | 9.0 7.0

12} %36 50.0 | 28.0 | 22.0 | 17.0 | 13.0 | 11.0 7.0 7.0 6.0 4.0 5.0
27} %46 51.0 | 31.0 | 20.0 | 17.0 | 14.0 | 11.0 8.0 7.0 5.0 5.0 5.0

32+ %46 41.0 | 33.0 | 29.0 | 27.0 | 28.0 | 25.0 | 24.0 7.0 7.0 3.0

42} 5336 30.0 | 21.0 | 17.0 | 10.0 6.0 7.0 4.0 4.0

52k =36 | 34.0 17.0 | 11.0 | 9.0 7.0 4.0 4.0
62k 36 | 70.0 21.0 | 13.0 8.0 7.0 5.0 3.0

=3 3= HaKx|A)

B0.O
70.0
60.0 £ EAlS-EEe
& 500 [ By ==l
5 400 7 22T
300 o
E3f-=26
Stk =8
100 B B AA-=E6
— u—l—h—h - ——  ms5i-=IDs
+608 4908 41208 +1B0E 42408 43008 43608 44208 +540E +e00E 7208 m ek 6
= E AL

<Y 3.67> FPIE WAL, 5Y6)
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— W FAEAFAASTM)F 2459 A EA AT} A5 7FE et 2
<3} 3.60> wl=r Z}59] A EAle] AN AT TE
(9] : med/m"Lux)
T & ASTM Kanasas | Montana | Missouri | Kentucky | Lawrence | Alabama
(d=) (2007) (2003) (2005) (2008) (2007) (2008)
LR 250 250 275 300 300 350 350
S} A 175 175 180 225 225 175 275
O WAz FoAAE wREA AT A7E o3t go] A
D> A AREAL - W AY 150med/mLux o2, A1 100mced/m Lux o} 2 WHAR 59|
"ol d A%
>l 7 A FEAY FFoE RNV ERA g st A
>oA A ERTE EY Ee R St muaA o] ofde 4
— olshe MER wAEA AW AX27] YS9 A4 F AR/ A% F o
AME 7les dska U
o SR ) 16kmubt 600m TR Ol® i of TR 107) RS A4
ste] A ks Ht
o ZAAY  AATE — AA F 1247F F 149 o]ulol] AT
Hg7ks - A F AL fASolF i @k
<} 3.61> AT =HEA A5 TS
AR 7)& 318715
ZH 2 Al J
14 sl (mcd/mLux) (mcd/m*Lux)
. e 2 2
Cold Plastic A0 1?2 1(2)2
, e 475 425
Patterned cold Plastic o 375 395
5 LR 300 250
poxy 5} Al 225 175
. . LR 225 200
High—Durability Tape 51 ) 175 150
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