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Night Visibility Evaluation of Phosphorescent Road Line Markings
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ABSTRACT

PURPOSES : In this study, we evaluated changes in the retroreflectivity and luminance of phosphorescent road line markings with changes
in glass beads and line marking thickness.

METHODS : The color of line markings affects their retroreflectivity. Using a chromaticity test, we conducted the analysis of whether
phosphorescent road line markings adhered to the "KS M 6080, standard. Then, we measured the dry retroreflectivity and wet retroreflectivity
for various glass bead refractive indices. We conducted wet retroreflectivity test using the EN 1436 standard as the basis. We also conducted
luminance tests for different glass bead refractive indices and line marking thicknesses.

RESULTS : 1. Phosphorescent road line markings specimens satisfied the "KS M 6080, standard. 2. In dry retroreflectivity test,
phosphorescent road line markings sprayed with glass beads satisfied the national police agency standard (240 mcd/(m*-Lux)). Wet
retroreflectivity test results showed that except for one type of No.1 glass beads, phosphorescent road line markings specimens sprayed with
glass beads of one type of No.3 and two types of No.1 satisfied the national police agency standard (100 mcd/(m’-Lux)). 3. Phosphorescent
road line markings had higher retroreflectivity than non-phosphorescent road line markings in the dry condition. 4. Phosphorescent road line
markings sprayed with glass beads demonstrated improved luminance. Luminance increased with higher glass bead refractive index and
with increased line marking thickness. However, when the thickness crossed a certain threshold, phosphorescence ceased to increase; this is
a characteristic of the phosphorescence phenomenon.

CONCLUSIONS : Visibility across short distances can be ensured when phosphorescent road line markings are sprayed with glass beads,
because of the retroreflection phenomenon. It is also possible to ensure far visibility using phosphorescent road line markings.
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Fig. 1 Retroreflection Principle of Glass Beads
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Fig. 2 Test Construction of Luminescent Lanes in
Jungbunaeryuk Expressway
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Fig. 3 Phosphorescent Line Marking Case in the

Netherlands
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Table 1. Test Specimen of Phosphorescent Line Marking

Table 2. Chromaticity Coordinates Vertex of Line Marking

Corner point 1 2 3 4
0.355 | 0.305 | 0.285 | 0.335
White line marking
Y 0.355 | 0.305 | 0.325 | 0.375

Fig. 5 Chromaticity Test
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Table 3. Chromaticity Coordinates & Luminance Factor

Case Thickness Glass beads Case X Y Luminance factor | Pass/Fail
1 T2.0/G(1-1) 2.0mm 1-1 Normal | 0.3193 | 0.3389 0.8745 Pass
2 T2.0/G(1=3) 2.0mm 1-3 T2.0/G(X) | 0.3221 | 0.3456 0.8543 Pass
8 T2.0/G(2-1) 2.0mm 2-1 T35/G(X) | 0.3221 | 0.3447 0.8492 Pass
4 T2.0/G(X) 2.0mm - T5.0/G(X) | 0.3217 | 0.3455 0.8548 Pass
5 T3.5/G(X) 3.5mm -
6 T5.0/G(X) 5.0mm -
7 T2.0/Normal 2.0mm -

(b) Test Specimen

(a) Jig(2.0mm, 3.5mm, 5.0mm)

Fig. 4 Test Specimen of Phosphorescent Line Marking
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Fig. 6 Chromaticity Coordinates Test Result
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Table 4. Line Marking Retroreflectivity Standard

Case Minimum retroreflectivity

(med/(n? - Lux))| white

Glancing |Observed
angle angle

Yellow | Blue
Installation | 240 150 80
Rains 100 70 40

88.76° 1.05°
(1.24) | (2.29)

A
o
H_‘
=)
|
>
1o

AFALE S 3% E47)LTX-
bol AzArElor —s—%w oA 2439,
23 Agolx E4stel

a

>
e
il
s
oo
Ot

(S

> H:
O:
Ho =
oL rlr
H
e
o
e
=
ol

u)
rlr
BN
AL
i
C)
Ob
_?L
£
W
&
lo
i
o |
4 o

JINI [ep)
o R
I
£ 5
ot
ey A
gg:ld ox
o 2
U
e
LAY
b e
¥R o
= =2
+
=
>
1
rr
)
()
toh
X

Fig. 7 Retroreflectivity Measurement
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Table 5. Retroreflectivity according to Refractive
Index of Glass Beads

(me d;?rif(? Lux) 1 2" 3¢ | Average |Standard
T2.0/G(X) 58 57 57 57
T2.0/G(1-1) 289 287 293 290
T2.0/G(1=3) 331 319 314 321 240
T2.0/G(2-1) 1015 | 1076 | 1107 1066

1200

1066

S00

600
Standard
240 med/(m? -Lux) 290 821
300
57
— |
1] T T T
T2.0/G(X) T2.0/G(1-1) T2.0/G(1-3) T2.0/G(2-1)

Fig. 8 Retroreflectivity according to Refractive Index
of Glass Beads
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Table 6. Retroreflectivity of Adhesive and Phosphorescent

Line Marking
CaSe st nd rd
(med/(m? - Lux)) 1 2 3 Average
T2.0/G(X) 58 57 57 57
T3.5/G(X) 44 49 48 47
T5.0/G(X) 51 45 45 47
Normal 17 18 18 18
80
60 57
47 47
40
20 18
5 ‘ ‘ ‘ l
T2.0/G(X) T3.5/G(X) T5.0/G(X) Normal/G(X)

Fig. 9 Retroreflectivity of Adhesive and Phosphorescent
Line Marking
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Table 7. Luminance Test Result according to Refractive
Index of Glass Beads

Case T2.0/ | T2.0 | T2.0/ | T2.0/ Standard
(med/m?) G(X) | /G(1-1) | GO1-3) | G(2-1)

5 min 160 172 170 197 10

10 min 92 99 99 17 50

20 min 48 53 54 64 24

60 min 15 17 18 22 7
120

107 107
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i(t)o rdncdﬂjf(m2 “Lux) 74
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Fi

g. 10 Wet Retroreflectivity according to Refractive
Index of Glass Beads
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Table 8. Wet Retroflectivity according to Refractive
Index of Glass Beads

(me d/C(rife- Lux) 1° 2 3¢ |Average|Standard
T2.0/G(X) 48 47 41 45
T2.0/G(1-1) 61 80 82 74
T2.0/G(1-3) 104 108 108 107 100
T2.0/G(2—1) 89 14 17 107

‘ OT2.0/G(X) ET20/G(1-1) CT2.0/G(1-3) HT2.0/G(2-1) mStandard
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Fig. 11 Luminance Test Result according to Refractive
Index of Glass Beads
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Table 9. Luminance Test Result according to Thickness

(mizs/iﬂ T2.0/G() | T35/G(X) | T5.0/G(X) |Standard
5 min 160 168 166 110
10 min 92 97 96 50
20 min 48 52 52 24
60 min 15 16 17 7
| OT2.0/G(X) @T3.5/G(X) CT5.0/G(X) mStandard |
240

50 a8 52 52

1516 17

5 min 10 min 20 min 60 min

Fig. 12 Luminance Test Result according to Thickness
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