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ABSTRACT

Purpose: The ultraviolet reflectance and transmittance of coastal building materials are one of the
important factors of ultraviolet radiation in and out of coastal building. In this research, the ultraviolet
spectral reflectance of many kinds of building materials was measured. Also, the relationships with the
lightness, roughness, and chromaticity, which are surface characteristics, were reviewed and
suggested. Method: In this study, according to the CIE classification, the ultraviolet region was defined
as short-wavelength region UV-C(10nm~280nm), medium-wavelength region UV-B (280-315 nm),
and long-wavelength region UV-A (315-400nm), and the visible light region was defined as (400nm
~780nm). Spectrophotometer was used to continuously measure the reflectance from the ultraviolet
region to the visible light region. Results: From the measurement results, the ultraviolet reflectance on
Wood was shown to be about Visible 55-68%, UV-A* 7-12%, and UV-B 4-5%. Wall tiles are about
Visible18-40%, UV-A* 8-20%, and UV-B* 7-8%. That on concrete was shown to be about Visible
37%, UV-A* 28%, and UV-B*19%. Conclusion: The ultraviolet reflectance can be estimated by
visible reflectance. Also, it is important to select a variety of materials according to the application
when blocking UV.
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Introduction

The increase in ultraviolet radiation resulting from the destruction of the ozone layer causes various health problems
such as skin cancer and cataracts in the human body. Therefore, there is a need for stability and improvement. As shown in
Fig. 1, when considering ultraviolet radiation, what should be considered in addition to direct ultraviolet radiation and
perforation ultraviolet radiation is ultraviolet reflection depending on materials. Studies on UV reflectance have been
conducted by Buttner(1935), Kor et al.(1986), Fukuda(1987), Blumthaler et al.(1988), Takeda(1998), Kawanishi et al.
(1997), Uh et al.(1998), etc. However, since ultraviolet reflectance is measured according to the spectral characteristics of
the ultraviolet radiation system, it is not yet known what kinds of changes are made in individual wavelength regions. In
addition, few studies have dealt with the relationship with the UV wavelength or the relationship with the surface
properties of building materials. As various studies on the ultraviolet region are in progress, the average ultraviolet
reflectance levels for various phenomena and discoloration occurring in each wavelength region are required. In this
research, the ultraviolet spectral reflectance of many kinds of building material is measured. Also, the relationships with

the lightness, roughness, and chromaticity, which are surface characteristics, are discussed.

W\ 1/, %

Outdoor
Reflection

Fig. 1. Ultraviolet radiation on coastal building material(location: 1129, Seorak-ro, Nam-myeon, Inje-gun)

Coastal building materials

Types of building materials

The materials are building materials 4 types of wood, 1 type of marble, 2 types of aluminum, 103 types of colored paper,
2 types of carpet, 24 types of indoor tiles, 24 types of outdoor wall tiles, 1 type of vinyl tile, 1 type of roof tile plate, 3 types
of sand, asphalt it is 1 type , road paving stone 17 types , waterproofing material 13 types , curtain 5 types, sandpaper 23
types , plaster 1 type , concrete 1 type , and 16 types of glass. The powder used on sandpaper (23 types of abrasives) was

mainly composed of aluminum oxide (Ai203), alumina-based WA (5 types), and silicon carbide (Sio), silicon carbide-
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based abrasives 2C (18 types). The sandpaper was used to investigate the relationship between roughness and reflectance.
Table 1 shows the 242 types of building materials. The contents of the table indicate whether the material has a high or low

luster.

Table 1. Costal building materials data

Item Contents Ttem Contents
Materials Number Luster Materials Number Luster
Wood 4 Low Sand 3 Low
White Marble 1 High Asphalt 1 Low
Aluminum 2 Low Stone(Floor) 17 Non
Color Paper 103 Low Vinyl Chloride seat (Waterproof) 13 Low
Carpet 2 Non Curtain Cloth 5 Non
Tile(Indoor) 24 Low Sand Paper 23 Low
Tile(Outdoor Wall) 24 Low Plaster 1 Low
Tile(Vinyl) 1 Low Concrete 1 Low
Tile(Roof) 1 High Glass 16 High
Total 162 Total 80

Surface characteristics of coastal building materials

Measurement of lightness, chromaticity, and roughness of materials

The equipment used includes a daylight bulb type fluorescent lamp EFT15EDG close to the standard lightness C for
measurement of lightness, and a color difference meter (Yxy colorimeter) for measurement of chromaticity. The
roughness was measured with SURFCOM, a surface roughness shape measuring apparatus, and the measurement

principle was a stylus method to measure the average roughness of the center line (Ra).

Measurement results

Table 2 shows the results of measurement of the surface roughness (Ra), lightness (L*) and chromaticity of the CIE
standard color system’s x and y axes, Cx and Cy respectively, of coastal building materials. The surface roughness (Ra)
was shown to be 22.9~42. 2 on road paving stones, 0. 03~5.0 on tiles, 1.15~2.05 on waterproofing materials, and
23.7~51.8 on sand. The ratios of materials with high lightness (L*) were high in yellow colored paper and white and ivory
interior tiles while materials with the ratios of materials with low lightness (L*) were high in black sand and black paving
stones. The values of chromaticity (Cx) were shown to be 0.182 to 0.523, and the values of chromaticity (Cy) were shown

to be 0.225 to 0.483.
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Table 2. Surface characteristics of coastal building material

Item Roughness Lightness Chromaticity

Item Roughness Lightness Chromaticity

Materials Ra(gm) L*%) Cx Cy | Materials Ra(pm) L*%) Cx Cy
Wood Cedar Plank 2.95 435 0.373 0.374 Vinyl Green 2.05 13.5 0.259 0.352
(Japanese) Chloride seat
White 35.9 403 0321 0339 (Waterproof) ~ Gray 12 213 0356 0.356
Ivory 255 374 0346 0.363 White - 373 0311 0319
Stone Blue 32,9 358 0357 0361 Red - 120 0.523 0.302
(Floor) Gray 422 17.8  0.353 0.345| Color Paper  Yellow - 742 0432 0.483
Purple 29.8 417 0341 0341 Blue - 211 0.182 0.225
Black 22,9 1.6 0320 0332 Black - 33 0293 0.321
Tile White 0.04 68.7 0329 0338 White 12.5 - - -
Sand Paper
(Indoor) Ivory 0.03 634 0337 0349 Black 43.7 ; - ;
Bitter
Ivory 500 3540331 0.346 Orange 472 320 0388 0.405
; (Korea)
Tile (iﬁere 4.05 148 0412 0351 White
(Outdoor g 237 467 0376 0.398
(Australia)
Wall) Black 4.30 143 0309 0.327 Black
51.8 640 0354 0.361
(Japan)
4,1 18. 362 0.361
Gray 15 89 0362 0.36 Transparent ~ 0.012 560 0312 0.332
i Ivo 1.80 467 0317 0334 Heat 0.010 245 0288 0.350
V1.ny1 g ' ' ’ ' Glass Absorption ' ' ' '
Chloride seat Bitt Heat
(Waterproof) "¢ 2.00 123 0412 0332 cat 0.008 212 0291 0.327
Orange Reflection

Measurement of UV reflectance and transmittance

Measuring principle

There is a method of measuring ultraviolet reflectance by measuring the amounts of radiation coming in the upward and

downward directions using an ultraviolet irradiance meter, and obtaining the ultraviolet reflectance from the two amounts.

However, this method has a disadvantage in that it cannot measure the levels of reflectance by wavelength. Here, a

spectrophotometer was used to continuously measure the reflectance from the ultraviolet region to the visible light region.

In this study, according to the CIE classification, the ultraviolet region was defined as short-wavelength region UV-C

(10nm~280nm), medium-wavelength region UV-B (280~315 nm), and long-wavelength region UV-A (315~400nm), and

the visible light region was defined as (400nm) ~780nm). As for the performance of the equipment, the reflectance UV-C

was set to 240~280nm, and the transmittance UV-C was set to 200~280nm. The integrating sphere’s inner diameter of the

spectrophotometer used in this measurement is 150mm ¢, so it is possible to measure the spectral reflection of solid

samples.
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Measurement of reflectance

Figs. 2, 3 shows the conceptual diagram of the optical system for reflection. As for the method of measuring reflectance,
before measuring the samples, the standard white plates (BaSO4) of Kodak's Eastman reagent were set on the sample side
and the control side at the position of reflective samples on the integrating sphere and 100% calibration was carried out.
Thereafter, the standard white plate on the sample side was exchanged with the sample to be measured, and the reflection
spectrum with wavelengths of 240 to 780 nm was recorded. The wavelength was measured at every 5 nm and the
reflectance was obtained by multiplying the value of reflection spectrum at each recorded wavelength by the reflectance of
barium sulfate. The values of the spectral reflectance included in the wavelength region were averaged to obtain the

reflectance of the wavelength region.

Measurement of transmittance

Figs. 2, 3 shows the conceptual diagram of the optical system for transmittance. As for the method of measuring
transmittance, before measuring the samples, filter holders for transmittance are set on the sample side and the control side
at the transmittance sample position, and 100% is set on the air flank. Then, as with the reflectance measuring method, the

standard is exchanged with the sample to be measured, and the reflection spectrum with wavelengths of 200~780nm is

recorded.
M Mirror Transmittance  Transmittance
Contrast Cell Sample Cell  |Reference Sample Box
pal M1
~N
Source M5 Contrast Cell & M3
=
w2 w1 L
M Divisi
Sample Cell Part
Source
M w2 o Wi
Reflection M2
Sample Sample )
i Detector W, ; : Window
Standard M1'~8 - Mirror
Mirror I Source

Fig. 2. Measurement of reflectance Fig. 3. Measurement of transmittance

Results and Discussion

Analysis Results of the Spectral reflectance and discussion

Fig. 4 shows the spectral reflectance of ultraviolet and visible lights. The four types of trees show high reflectance in the
visible light region, and the reflectance drops sharply from 380nm in the ultraviolet light region. The reflectance in the
visible light region of the trees is in a range of 55-68%, while the UV reflectance is in a range of 4-12%. Therefore, the

trees can be said to be suitable as a material that blocks UV reflection. Fig. 5 shows the UV spectral reflectance of tiles.
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The UV spectral reflectance changes according to colors in the visible light region, but the rates of changes are low in the
ultraviolet light region. Fig. 6 shows aluminum plates, which are widely used as building materials. The levels of reflec-
tance of aluminum plates are high in both the visible and ultraviolet light regions, and the reflectance levels at all
wavelengths are in a range of 50~70%. Also, the UV reflectance levels of concrete are high, in a range of 20~30% across
UV-A and B. The reflectance levels of plaster and tatami are high in the visible light region and sharply drop in the
ultraviolet light range. Therefore, as with wood, plaster and tatami can be said to be suitable as materials for lowering

ultraviolet reflection. Asphalt has very low reflectance levels of 4~9% at all wavelengths.

100 100, 100
= Flase ~ White Tile - Plaster
& 80 & or \ & %[
2 g0l Japanese a 60} < 60 .
§ Cypress Plank 8 8 Japanese Floor( Tatami )
S 40 Japanese g @ § 40/ Concrete
E‘- Cedar Plank § Gray Tile $
g % Silver Fir Z of Tvory Tile g ot
0
240 ?OOI 360 1620 480 540 600 660 720 78!0 (;40 300 360 [420 480 540 600 660 720 780 27‘0 300 360 420 480 540 600 660 720 73]0
| L - —1
Wy, b uva Visible l chLV_L wvA | Viehle I vcy, b ova Visible !
Wavelength ; (nm) Wavelength ) (nm) Wavelength 3 (nm)
Fig. 4. Reflectances of wood Fig. 5. Reflectances of tile Fig. 6. Reflectances of building materials

In Table 3, the range of wavelengths was divided into UV short wavelength region UV-C**, UV medium wavelength
region UV-B*, UV long wavelength region UV-A*, and visible light region and the average UV reflectance levels by
region were indicated as pc, pb, pa, and pv, respectively.

In addition, the materials can also be divided into mirror reflective materials and diffuse reflective materials according
to the reflective properties of the materials. Among mirror reflective materials, marbles and aluminum plates show high
reflectance levels in both visible ultraviolet light regions. In the case of mables, the UV-C** reflectance pc was 43%,
UV-B* reflectance ob was 52%, UV-A* reflectance pa was 57%, and visible light reflectance ov was 63% Among
diffuse reflective materials, the material with the highest UV-B* reflectance was white vinyl tile with a ob level of 61%,
and the material with the highest UV-A* reflectance was white sandpaper with a pa level of 64%. Therefore, it can be
seen that reflectance levels of the materials were much different in the UV region.

In addition, among materials with low UV - B* reflectance levels, brown carpet had the lowest reflectance level
followed by black sand, asphalt, and wood in order of precedence, and the pb values were shown to be 2~ 5 %.

In the case of paving stones, UV-C** reflectance pc was shown to be in a range of 5.7%~6, 7%, UV-B* reflectance ob
was shown to be in a range of 6.1%~6. 8%, UV-A* reflectance oa was shown to be in a range of 9. 3 %~24%, visible light
reflectance ov was shown to be in a range of 13%~47%. The reason why the fluctuations in UV-C** reflectance oc and
UV-B* reflectance ob were found to be not so large is thought to be the fact that the surface properties of the material

affect the reflectance.
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Table 3. Visible and UV reflectance

Taehwan Kim and Jesun Uh | A Study on the Effect on UV Exposure in Coastal Buildings

Reflectance(%) Reflectance(%)
Item Item
Materials UV-C** UV-B* UV-A*  Visible | \aterials UV-C** UV-B* UV-A* Visible
p c(%) pb%) pa%) o c(%) pc(%) o b(%) o a%) o o(%)
White
46 516 574 627
Materials of Mirror | Marble Ivory 200 259 388 594
Reflection :
A'“T‘““m 502 554 618 704
Plate Blue 6.48 17.3 279 298
Cypress Curtain
Plank 447 457 814  6l4 Cloth
(Japanese) Gray 379 663 758 144
Wood Cedar
00
Plank 419 428 744 552 Puple 565 124 191 222
(Japanese)
Silver Fir ~ 4.84 494 738  60.8 Ivory 416 640 206 438
Carpet
Plane Tree  4.62 522 123 679 Brown  1.82 202 851 284
White 343 360 532 805 White 606 652 239 469
Red 123 134 167 426 Blue 578 625 182 349
Bitter Stone
ormge 116 B3 24 484 (Floos) Grey 590 613 933 197
Yellow 193 255 308 534 Purple  6.66 682 204 38.1
golor Green 151 195 234 324 Black 594 621 100 129
aper
Blue 174 229 287 405 | Muaterials Ivory  7.10 817 201 397
Tile
Indi of Bi
ndigo 0 121 41 202 Diffuse (Outdoor mer 51 753 808 188
Materials Blue 1Huse 1l Orange
Reflection ~ WalD
of Puple 937 101 128 168 Black 731 807 135 183
Diffuse
Reflection Black 6690 677 741 678 Vil oy 686 751 114 530
Chloride Bitter
Sliding Screen Paper ~ 40.8 344 443 57.3 seat Orange 7.13 7.05 7.87 17.7
(Water-
White 207 401 e 864 proof)  Green 720 747  9.04 185
Sand .
Bitter
Paper 28 0 574 708 101 233
Black 749 699 662 range 5. : ~ '
(Korea)
. Sand i
(Australia)
. Ivory 11.8 164 423 730
Tile (Ea?;) 248 259 297 349
(Indoor) Gy 121 180 453 543 P
Tile(Roof) 468 536 131 142
Black 540 545 547 569 Plaster 846 923 128 798
Tatami 500 546 7.0 327 Asphalt 370 397 493 873
(Japanese Floor)
Tile .
. White 556 609 620  80.7 Concrete 156 214 262 316
(Vinyl)
KOSDI 201
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Fig. 7 shows the correlation between the visible light reflectance and the UV reflectance of colored paper. It was found
that correlation coefficient r of UV-A* reflectance pais 0.793, that of UV-B* reflectance pb is 0.795, and that of UV-C**
reflectance pc is 0.777. In addition, the slopes of the regression line of the UV-A* reflectance, UV-B * reflectance, and
UV-C** reflectance are about 0.67 times, 0.47 times, and 0.34 times those of the visible light reflectance, respectively. pa
=0.668 ov (r=0.79),0b =0.467 pv (r=0.80), oc =0.339 ov (r =0.78). Therefore, when the visible light reflectance is
known, an approximate values of the ultraviolet reflectance can be estimated by multiplying by one third to two thirds by

wavelength region. The shorter the wavelength, the larger the absorption and the smaller the reflectance.

_ 100 _100 100
8 8 9
clem pa =0.668 pv r =0.79 g pb = 0.467 pv  r =0.80 gao pe = 0339 pv r =078
E 2 60 ¢ 60 A
¢ g E
e 40 S 40 & 40
& & |
< 20 ol Y 20
> = >
- -

0 0 0

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 0 100
Visible reflectance 5 (%) Visible reflectance ; y(%) Visible reflectan ce , y(%)

Fig. 7. Relation between visible and UV reflectance of colorpaper(Visible and UV reflectance)

UV spectral reflectance and surface properties

UV spectral reflectance and lightness

Fig. 8 shows the relationship between the UV reflectance and the lightness (L*) of colored paper. The UV reflectance is
between 10~50% in many samples, and in the regression line, stable value can be seen when the UV reflectance exceeds
60%. In the UV-A*, UV-B*, and UV-C** regions, when the lightness (L*) is high, the UV reflectance is also shown to be
high. The regression equation is as follows. L* is the lightness. pa =-0.0080 (L*)*+ 1.1733 L* (r =0.84), ob =-0.0078
(L*)*+ 1.0026 L* (r =0.89), pc =-0.0063 (L*)*+ 0.7801 L* (r =0.85). The correlation coefficient r is 0.84~0.89, indicating

that the correlations are high. In this equation, if the lightness is known, the UV reflectance and visible light reflectance of

the building materials can be estimated.

~100 100 100
= *)2 - = 8 -

8 pa = 00.8(:)80([, P+ L1733 L* 9 POb = -0.0078(L*)? + 1.0026 L* E Pc = -0.0063(L*)? + 0.7801 L*
= = 0 -
QSG r 580 r = 0.89 5.80 r =0.85
©
g 60 ° o o 8 60 2 60 A
5 ‘& © 8’. o 0 © _g .a
% 40 L) = 40 & 40
= ° & &
% 20| B/ g, o = 20 Q2
> 0°%0 >
=] S ’ =]

0 0 0

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Lightness L* (%) Lightness L* (%) Lightness L* (%)

Fig. 8. Relation between visible and UV reflectance of colorpaper(Lightness and UV reflectance)
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UV spectral reflectance, roughness and chromaticity

Fig. 9 shows the relationship between the UV reflectance and roughness (Ra) of sandpaper. The sandpaper materials
used in this study were abrasive alumina WA (5 types) and silicon-based abrasive 2C (18 types). The white abrasives have
UV reflectance levels of 50%~60%. The UV reflectance increases as the roughness (Ra) decreases. In addition, the UV
reflectance of the black abrasives are low at 5%~9%, and when the roughness (Ra) is 7 or less, the UV reflectance is
increasing, but other properties are much different. Fig. 10 shows the relationship between the UV reflectance and
chromaticity (Cx) of colored paper. The chromaticity (Cx) values are in a range of 0. 2~0. 3 in many samples and the UV
reflectance is also increasing. Since the center of chromaticity of the color difference meter (Yxy color specification

system) is around 0.3, it was shown the UV reflectance increased as the chromaticity decreased.

Analysis Results of the Spectral transmittance and discussion

Fig. 11 shows the ultraviolet and visible light spectral transmittance levels of ordinary glass and UV blocking glass. In
the case of ordinary glass, transmittance is rapidly decreasing as the wavelenth decreases from 350nm to 320nm. Also, the
transmittance decreases as the thickness increases in ordinary glass of 3, 5, and 8 mm thicknesses. UV blocking glass has
a transmittance of 0 up to 380nm, but in the wavelength region exceeding 380nm, the transmittance changes according to
colors. The maximum transmittance of the blue UV blocking glass is 500nm, while the transmittance of brown UV

blocking glass decreases slowly as the wavelength decreases.

100 Glass (3mm)
80 ~ 100
: 8 & 80 - Cut Glass (Bluc)
< 60 Aﬁﬁ\wmfhﬂmj' a 80 ~ Glass (5mm)
Q A 8 o 6of
¢ 4 = 60 E
H 3= g e o° = 40
L. 2
10 Black sand paper & 40 i ° E
$0 (W2 o o TSN | E . L 2 xof
& <« " o g ¥’ f o £ UV- Cut Glass (Gray)
<’ T 0 ef @t 3o o
v > &s o° e FPq oo 0
2 o 2 200 300 400 SO0 600 700 780
0 0.1 02 03 04 05 | | } | |

10 20 30 40 50
Roughness Ra (um)

o

Chromaticity Cx UVCLv_glJV«A Visible
Wavelength A (nm)

Fig. 9. Relation between visible and UV Fig. 10. Relation between UV reflectance Fig. 11. Transmittance of UV-Cut, glass
reflectance of sandpaper and chromaticity of colorpaper materials

Table 4 shows the average ultraviolet transmittance levels by wavelength region wheen the range of wavelengths was
divided into the ultraviolet short wavelength region UV-C***, the ultraviolet medium wavelength region UV-B*, the
ultraviolet long wavelength region UV-A*, and the visible light region. Usually, in the case ordinary glass, the
transmittance levels are 0% in the UV-C*** area, 0.02%~0.98% in the UV-B* area, 59%~68% in the UV-A* area, and
83% or more in the visible light area. In addition, it can be seen that the transmittance is decrteasing as the thickness

increases. The UV blocking glass showed low transmittance levels; 0% in the UV-B*, UV-C*** regions, and
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0.81%~6.36% in the UV-A* region. In the case of heat absorbing glass, the transmittance levels were shown to be 0% in
the UV-B*, UV-C*** regions, and 22% or higher in the UV-A* region.

Heat-reflecting glass exhibited a transmittance of 0.3% even in the ultraviolet short wavelength region UV-C***
indicating that transmittance levels differ depending on the characteristics of glass. In addition, quartz glass showed the

highest transmittance levels, over 82% in all wavelengths in the ultraviolet and visible light regions.

Table 4. Visible and UV transmittance

Tt Transmitance(%o) Tt Transmitance(%o)
em em
. UV-C** UV-B* UV-A* Visible . UV-C** UV-B* UV-A* Visible
Materials Materials
(%) Tb(%) tTa%) Tc(%) (%) Th(%) Ta®%) Tc(%)
Normal 3 mm 0 0.98 67.8 85.1 SVFL 0 0 21.9 56.2
Transparent 5 mm 0 021 647 849 Heat GFL 0 0 350 621
Absorption
Glass 8 mm 0 0.02 59.0 82.5 Glass BFL 0 0 329 62.5
Quartz Glass Translucence  82.3 84.6 85.8 87.0 HFL 0 0 37.8 68.4
UV-Cut Film Transparency 0 0.06 234 82.9 KFC 0 0.01 40.9 58.5
UV-BL 0 0 6.36 48.7 Heat' GKFC 0.02 0.02 25.5 439
UV-Cut Reflection
UV-GR 0 0 0.81 22.6 BKFC 0.03 0.02 25.3 432
Glass Glass
UV-BR 0 0 2.46 28.4 HKFC 0.32 0.46 273 479

Conclusions

The purpose of this study was to measure the spectral transmittance and reflectance of coastal buildings in the
wavelength range including visible light other than ultraviolet rays, and to understand the wavelength characteristics of
building materials indoors and outdoors.

The results of measurement of various materials are summarized as follows.

1) The reflectance levels of marbles and aluminum, which are a mirror reflective material, are little different between
the visible light region and the ultraviolet region, and are shown to be high. The reflectance levels of the diffuse
reflective materials in the ultraviolet region were 4 %~12 % for wood, 8 %~13 % for gypsum, 5 %~7 % for tatami
mats, 5 %~50 % for indoor tiles, 7 %~20 % for outdoor tiles, and 6 %~24% for paving stones, 7%~11% for
waterproofing materials, 2%~21% for carpets, 4%~39% for curtains, and 12%~28% for concrete. Among them,
tatami mats, gypsum, and wood are materials suitable for UV reduction measures because they showed high
reflectance in the visible light region, but showed rapidly decreasing reflectance in the ultraviolet region .

UV blocking glass has a transmittance of 0 up to 380 nm, but shows changes in the transmittance according to color
in the wavelength region exceeding 380 nm. Also, in the case of ordinary glass, the transmittance decresases as the
thickness increases.

2) The reflectance in the visible light region has a high correlation with the reflectance in the ultraviolet region. The
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slopes of the regression line of the UV —A* reflectance, UV -B * reflectance, and UV —C** reflectance are about
0.67 times, 0.47 times, and 0.34 times those of the visible light reflectance, respectively.

3) The ultraviolet light region reflectance is correlated with the lightness of the surfaces of material surfaces, and the
higher the lightness, the higher the ultraviolet reflectance. From the above measurement results, the following can be
considered when designing ultraviolet rays.

When blocking ultraviolet radiation, a material with a low UV transmittance level should be selected for the window
side and a material with a low UV reflectance level for the wall. Thick glass and UV-blocking glass are selected as the
transmissive material, and materials with black-colored and rough surfaces are good as reflective materials. Based on the
results of measurement results, tatami mats, gypsum, and wood can be used as materials with low reflectance.

On the other hand, in order to introduce ultraviolet rays, materials with high ultraviolet transmittance should be selected
for the window side and mirror reflective materials should be selected for the wall. A thin ordinary glass should be
selected as the transmissivew material, and a white materials having a fine surface is preferable as the reflective material.
Based on the results of measurement, marbles and aluminum can be selected. As such, it is thought important to select

diverse materials according to the purposes when blocking ultraviolet radiation in an oceanic building space.
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