Novel Pavement Marking Which Provides Wet Nightibiigy (All
Weather Pavement Marking)

Y. Nagaoka, J. Saito, S. Ohtomo and K. Mizufune
Sumitomo 3M Itd., Setagaya, Tokyo, Japan

ABSTRACT: As the statistical data indicates, thaffic accident in wet at night is more
frequent than it in dry at night. One of the mastical reasons for these accidents is clearly
due to the poor visibility of pavement marking tbe driver when the road surface is wet at
night. In current, glass microsphere works as aptens and returns the light of car's head
light to the driver efficiently (in general, it alled the retro reflection). Here, the current
conventional glass microsphere provides the nigdibity in fine day, but does not offer the
retro reflective performance in wet at night beeatie glass microsphere is covered by water.
To solve this problem, the profiled structure paeatrmarking is partially used, but still has
the noise problem toward the residential quart&fger various investigations, it was found
that the novel optical element having very highaetive index microspheres realize both the
wet night visibility and the silent pavement markinwhich will really contribute in
enhancing the road safety and the environmentidiy.
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1 INTRODUCTION

According to the previous research (Institute foaffic Accident Research and Data Analysis,
2001), the fatal traffic accident happens moreuesq at night than it in day time, and
furthermore it in wet condition at night tends ®Higher than it in dry at night. This

statistical data is indicated in Figure 1, ancht\gs the most dangerous traffic situation is wet
at night.
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Figure 1: Fatal traffic accident numbers by timeeo



In addition, there happen many fatal traffic acotdewhen driving a car or waking a road as
shown in Figure 2. And especially, the car accidentet condition is 1.67 times higher than

it in dry.
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Figure 2: Number of fatalities by vehicle type.

And according to the statistical data in Figuretl® fatal accident caused by the head on
collision and the hit with road structure in wenddion is 1.53 and 1.88 times higher than it
in dry, respectively.
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From the above statistical results, it is expethed there are various factors which cause the
fatal traffic accident, such as the vehicle, theetr the pedestrian, the road environment, etc.
But one of the most critical factors is easily preed to be the poor visibility of road
marking when the road surface is wet at nighthd visibility of pavement marking such as
center line, edge line, stop line and cross walkewsproved drastically in wet at night, it
would contribute in enhancing the traffic safety.

2 EXISTING PAVEMENT MARKING

In general, the road marking is made of water bpamt or solvent base paint or
thermoplastic paint. And in Japan, the thermoptgsaiint is mainly used since its fast drying
property fits to the busy Japanese road environnTérd thermoplastic paint is applied on the



road using screed or spray type applicator as shiowigure 4.

Figure 4: Thermoplastic paint applicator, Sprayetypeft), Screed type (Right)

In current, the glass microspheres whose refradtitex is 1.5 is applied on the top surface
of the thermoplastic paint to improve the nighthiigy since the glass microsphere works as
optical lens and returns the light of car's heaghtlito the driver efficiently (Figure 5, in
general, it is called the retro reflection). Thésérg conventional glass microsphere provides
the night visibility in dry condition, but does noffer the retro reflective performance in wet
at night because the glass microsphere is coveredater.
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Figure 5: Mechanism of retro reflection of glassrmsphere

To improve the night visibility of the current camtional road marking in wet condition, the
profiled structure thermoplastic paint (Figure 6)pgartially used. This profiled pavement
marking may work somehow in wet at night since pihefiled structure prevents the water
coverage on the glass microsphere of the convex lparstill remains the noise problem due
to the concavity and convexity pattern structurehewever the vehicle run through the
profiled pavement marking, it causes the noiseupiolh to the environment.



Figure 6: Profiled structure thermoplastic paintgraent marking

3 OPTICAL DESIGN TO REALIZE THE ALL WEATHER NIGHT VISBILITY

We investigated the optical design of microspheretlize the retro reflection in dry and wet
condition; this means the excellent night visililit fine and rainy day.

The optimal refractive index of glass microspheae be calculated by Snell's law in below..

sing n2
> 1 (1)

sin m

Here,a is the angle of incidencg,is the angle of refraction, and and n are the refractive
index of material on the surface of glass microsphend the glass microsphere itself,
respectively.

Figure 7 shows the light path of retro reflectionen the surface of glass microsphere is dry

environment. After the calculation, the optimalragetive index of glass micro sphere is
shown to be 1.9 to 2.0.
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Figure 7: Light path of glass microsphere in drgpaition.



However, the surface of glass microsphere is inagetition, the light pass is influenced by

the water since the refractive index of the wasemuch higher than it of air. The Figure 8

indicates the light pass of glass microsphere wherbead surface is covered by water. As
shown in Figure 8, the glass microsphere doesetaob-reflect the light when the refractive

index of microsphere is 1.9 to 2.0, and the veghhiefractive index such as 2.4 to 2.5 is
needed to realize the retro reflection in wet cbodi
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Figure 8: Light path of glass microsphere in wetditon.

In the current pavement marking industries, theglaicrosphere having refractive index of
1.5 to 1.9 is used in general since the glass sm@trere with the refractive index of 2.4 or
more does not exist commercially. That's why, thefiged structure thermoplastic paint is

proposed to improve the visibility in wet at nighbugh there still remains the noise problem.
Here, the reason that 1.5 refractive index glassasphere is widely used in the pavement
marking industry is clearly due to its reasonalsleipg.

4 DEVELOPMENT OF HIGH REFRACTIVE INDEX RETRO REFLECVE ELEMENT

The optimal particle size of retro reflective elemhis thought to be around 0.1 mm to 1.5mm
range since the thickness of current major therastig paint is 1.0mm to 2.0mm in Japan.
When the patrticle size of reflective element is enahan 0.1mm, the night time visibility is
poor since the element tends to be buried in teartbplastic paint. On the other hand, the
element size is bigger than 1.5 mm, the durahiéibds to be poor due to the insufficient sink
of optical element in the thermoplastic paint.

As the pavement marking application, we succeedeghaking very high refractive index
glass microsphere though the particle size is teas 0.1mm. And this time, we also
succeeded in making the optimal particle size reafbective element using said high
refractive index glass microsphere whose refradghdex is 2.4 to 2.5, as shown in Figure 9.
This retro reflective element comprises a bondsahreore and a plenty of glass microspheres
partially embedded in the core. (Burns et al. 2008)
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Figure 9: Bonded core structure retro reflectivemednt

5 ALL WEATHER PAVEMENT MARKING

To coexist the night visibility in both dry and webndition, we tried to blend the wet

reflective bonded core element and the dry reflectionventional glass beads having 1.5 of
refractive index. Here, the particle size of thet weflective element and the dry reflective

glass bead were around 0.6 to 1.4 mm and 0.8 tanin7 respectively. The pre-blended

optical material was sprinkled on the thermoplaséimt as shown in Figure 10.

& L 3 ' _ Wet reflective bonded
= SR ' core elemet

Dry reflective glass
micro sphere

l—

Figure 10: All weather pavement marking

The table 1 shows the results of retro reflectioitypavement marking when the blend ratio of
two kind of optical material is changed. The ratflectivity is measured using commercial
available retro reflectivity measurement instrumente drop rate of the surface applied
optical material is totally 215 grammAs shown, the retro reflectivity of the existing
pavement marking (Sample 1) is very poor in wetditoon, but it of all weather pavement
marking this time (Sample 2, 3 and 4) is much imptbin wet condition. These results
indicate that the very high refractive index glasigrosphere is mandatory to realize the
excellent night visibility of pavement marking bathdry and wet condition. And Figure 11
shows the nighttime visual appearance of all weagfayement marking in wet and dry
condition.



Table 1: Relationship of blend ratio and the regftectivity

Sample Blend ratio etro-reflectivity (med/xm”)
D Dy refle cti:ce g_lass Weat reﬂ:a ctive e%ement :lﬂ \1'721.:
bead (BI=1.5) (R.I=24-235) condition condition
Sample 1 1 0 380 a0
Sample 2 1 2 475 553
Sample 3 1 3 3083 345
Sample 4 1 4 370 300

Sample 1 Sample 2 Sample 3 Sample 4

Sample 2

Figure 11: Night visibility of conventional and alleather pavement marking in wet and dry
condition

6 DISCUSSION

According to the previous visibility research olvpenent marking (Graham and King, 1991),
when the retro reflective performance of pavemeatking is higher than 93cd/Ix-nf,
more than 98% observers can recognize the markKimg.result indicates that the minimum
retro reflectivity requirement of pavement markifuy driver is 93mcd/Ix-nf. From this
result, an existing pavement marking (Sample labld 1 & Figure 11) has enough visibility
in dry at night, but the marginal performance irt atenight.

The other hand, from another study (Gibbons andcke\gr2007), the 20@ncd/Ix-nf of retro
reflectivity is needed to recognize the pavementking in wet at night. From this result, the
visibility of an existing pavement marking in wetraght should be insufficient.

The night visibility of all weather pavement mariapplied on the road was shown in Figure
12, and indicated the excellent night visibilityboth dry and wet condition. And when the
cars run through the all weather pavement markhegnoise problem did not happen at all.



To keep the night visibility for long term, the orporation of wet reflective element and the
glass microsphere would be helpful. Even afterwiear off of the surface applied optical
material, the intermixed optical material help&kéep the performance.

Here, all weather pavement marking can be appliedny roads using existing conventional
thermoplastic applicator, and also can providesirtiigoved night visibility in both dry and
wet condition.
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Figure 12: Photo of existing and all weather pavemnearking applied on the road

7 CONCLUSION

In this report, we could indicate the novel pavetmaarking which realized the excellent

night visibility in all weather condition withoutalving noise problem. By expanding this

functional and environmental friendly pavement nragko the road in the world, we want to

contribute in enhancing the road safety since #ta@ traffic accident tends to happen in wet
at night as the statistical data indicates.
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