
Evaluation of dirt-repellency of membrane materials for 

architectural membrane structures 

SYNOPSIS 

Hiroshi Toyoda*' 

This report summarizes th巴 resultsof the studies on the dirt-repellency of membrane 
mat巴rials.
As the surface treatment materials for coated fabrics， one hundred percent f1uorocarbon-resin 
clearly reduced dirt-rep巴llency.Moreover， a top-coated titanium dioxide(Ti02) photocatalyst 

markedly improved the dirt・.repellencyof coat巴dfabrics. 
Inf1u巴nceof location was investigated by an outdoor exposur巴 test.The degree of dirt 
depends on the locations. Membrane materials were the most polluted in Tokyo and Osaka. 
An apparatus for acc巴leratingthe dirt process was developed and the results obtained by 
this apparatus were in fair agreement with the results of the outdoor exposure test. 
The relationship between the angle of the side wall and the rain water dirt streaks was 
investigated by the outdoor exposure test. When the exposure angle of the side wall 
against the horizontal plane exceeded 65 d巴grees，rain water dirt streaks appeared. 

1. Introduction 

Archit巴cturalmembrane structures c叩 notavoid exposure to 

組 outdoorenvironment. As dirt spoils the beauty of 

structures， several studies have been carried out to evaluate 

dirt -repellency of coated fabrics [1-7].百lisreport 

summarizes the results of these studies. 

Membrane materials are made of woven fabrics coated 

mainly with polyte仕afluoroethylen巴(Pτ下E)or polyvinyl 

chloride (PVC). 

PVC-coated fabrics are especia11y easy to adhere dirt 

because the plasticizer contained in PVC migrates to the 

surface and absorbs dirt matters while they紅eexposed to 

sunlight， heat and rains. An effective way to cope with出is

problem is through prevention of plasticizer migration in 

PVC by top-coating the PVC surface with acrylic resin or 

f1uorocarbon polymer， or by lanlinating f1uorocarbon 

polymer film such as polyvinyl f1uoride (PVF)， 

polyvinylidene fluoride(PVDF)， and also by treatrnent with 

a titanium dioxide(TiU2) photocatalyst. 

Dirt-repellency has been mainly evaIuated by color 

difference after an outdoor exposure test. However， the 

outdoor巴xposuretest takes a long time before白 巴r巴sult

C却 beobtained.τberefore， we developed a more rapid test 

method組 dinvestigated the relationship between the 

outdoor exposure angle of the side wa11 and出巴r氾nwater 

dirt streaks. 

2. Effect of color variation of PVC-coated fabric 

on dirt appearance 

2・1Purpose 

百lerelationship betv.ieen dirt appear油田andthe color of 

PVC coating was exanlined by an outdoor exposure test. 

Dirt appear組問wasevaIuated by出巴sensoryt巴st叩 dthe 

colorirnetry for outdoor exposed spec加lens.

2・2Experimental 

2・2・1Specimens 

Commercial PVC-coated fabrics with ten different colors of 

PVC coating were used. Table-l shows the colors of PVC 

∞atmg. 
2-2-2 Outdoor exposure test 

百leoutdoor exposur巴t巴stwas carried out at the site of 

Taiyo Kogyo Corporation at Hirakata city， Osaka pref. 

Table-l Colors of PVC Coating 

Whit巴 Ivory Yel10w Yel1ow-green G陀en Sky-blue Blue Orange Red Brown 

H 5.6GY 4.8Y 4.8Y 

V 9.4 9.0 8.4 

C 0.2 3.2 10.0 
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*1 Dr.Eng.， Taiyo Kogyo Corporation 
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Fig.1 Setup of the outdoor exposure test (unit:cm) 

Fig.1 shows the setup of the test method 

which is the conventiona1 eva1uation method for ordinary 

building materia1s. Unloaded specimens， 30cm wide and 

140cm long， were attached to a south-facing rack at an 

inclination of 45 degr田s.

2-2-3 Evaluation 

2・2・3・1Sensory test 

After血eoutdoor exposure for one year on each colored 

specimens， the sp巴cimenswere cut into 4cm x 6cm pieces， 

placed next to血eorigina1 s創npleof the same s包e，and 

pぉtedon cardboard. They were used as血巴S紅npI巴sfor the 

sensory test. Inspωtors wer巴50hea1thy adults， who had 

b閃nexp凶ned出epu中oseof血istest in adv組問.

According to白esubjectiv巴degreeof dirt on the initia1 

specimen and the outdoor-exposed specimen，出es釘nples

for the sensory test were divided into the 3 groups of 

significant， average，血dslight. According to decreasing 宙
d 

degree of dirt出eywere number巴dfrom 10 to 1 eva1uation ~ 
U 

readings τ百besensoηt制刷ω副twaおs悶山cte吋dir刊巴laboratory 5 
w泊叫h刷1I凶chmain包in凶脚蜘1t由ta凶凶a氾担i首insa伽加O側s幻ts批t旬ea均d匂y出仙umin叩∞dωis柑則釘削i伽b凶u凶“蜘O叩n川的(何伽O∞n 若
t血he白似s汰山koぱfh巴ei泡凶幼g封凶h凶1

2-♂2-3-2 Measurements of color changeδ  

Color differences produced by dirt adhesion were measured 

using aHitachi U-3410 spec仕ophotometer.百1巴

measurement conditions were as follows; the XYZ 

chromatic system based on the 2・degreesvisua1 field， the 

range of wavelength of 380-780nm with CIE standard 

illuminant C. 

After the outdoor exposure for severa11engths of time to ten 

years，仕1especimens which were exposed at組 inclination

of 45 degrees facing south were cut into pieces for the 

measurement. Each piece hぉ dimensionsof 4cm x 6cm. 
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Fig.2 The result of dirt evaluation with the sensory test 
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Fig.3 Color difference( 11 E) for PVC-coated fabrics 
with diffrent colors during the one-year outdoor 
exposur巴t巴stat Hirakata， Osaka prefecture 

。

百1ecolor differences( 11 E) between exposed佃 dinitia1 

specimens were measured for three specimens and由巳

average va1ue was taken. 
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Fig.4 Relation between the color di仔'erenceand the result of 
the sensory test after the one-y巴aroutdoor exposure t巴st

2・3Results and Discussion 

Fig.2 shows the result of dirt evaluation with the sensory 

test classified by the base color of th巴specirnenafter 

outdoor exposure test for a year. The figure shows白紙社le

darker specirnens such as brown and green hard砂appeared

d位。rwhile出eligh除rspecirnens such as white and ivory 
easilyapp回reddirty. 

Fig.3 shows the color difference after the one year outdoor 

exposure test. Fig.4 shows the relationship between th巴

color difference and自己resultof血esensory test. Except 

for brown，出ecolor difference was sirnilar for all color 

tones examined. 

Therefore the results suggest白鉱山etest method of color 

difference is adequate for evaluating on PVC-coated fabrics 

having different colors. 

2・4Conclusion 

百ledirt degree coπesponds to出巴valueof brightness of出巴

materials. Th巴evaluationby color difference is appropriate 

for evaluating the dirt-repellency for membran巴materials.

3. Influence of surface treatment and outdoor 

exposure test locations on dirt levels of coated 

fabrics 

3・1Purpose 

The effect of surface treatment on dirt-repellency of coated 

fabrics was evaluated.百lesurface住eatmentwas mainly 

by top-coating with acrylic resin or fluorocarbon polymer， 

or by laminating fluorocarbon polymer fi1m. For evaluation 

of出edirt-repellency of specirnens， the outdoor exposure 

test was conducted and出enthe color difference was 

measured. Influence of exposure location on color 

differenc怠wasalso investigated. 

3・2Experimental 

3・2・1Specimens 

Both PVC-佃 dP1下E-coatedfabrics with different kinds 
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of surface treatment were used. Table-2 shows the details of 

specirnens for the surface仕eatment

3-2-2 Outdoor exposure test， test locations 
and evaluation method 

The outdoor exposure test was carried out at seventeen 

locations in and out of Japan(Table-3).百lemethods of the 

outdoor exposure test and of the color difference evaluation 

were仕lesame as those shown in 2・2・3・2.

3・3Results and Discussion 

3・3・1Color difference classified by surface 

treatment 

百lesurface仕eatmentcle釘lyreduced the change of color 

di仔'erenceas shown in Fig.5.百lIschange shows血巴mean

values for the color differenc巴measurementin each 

specirnen and at different locations after exposure.百ledirt 

adhesion of sp巴cirnensA，D叩 dE which were coated with 

one hundred percent fluorocarbon-resin did not increase 

much even after the出ree-year -exposure-period. 

白1the other hand， a f紅 l紅gerdirt-repellency was found on 

specirnen B with acrylic resin coating after a three-year-

exposure-period. Specirnen C coated with acrylic resin 

containing fluorine on its surface had a irnproved dirt-

repellency compared with specirnen B. 

After the ten-year-outdoor exposure test at Hirakata，性le

specirnens仕eatedwith one hundred percent fluorocarbon-

resin showed clearly irnproved dirt-repellency and血eir

surface morphological ch叩 geswere hardly observed 

(Figs.6，7).百lespecirnens仕eatedwith polymethyl 

me血acrylateand those without surface佐eatmenthad the 

worst dirt-repellency af町 出e血ree-tofive-year exposure 

period. However， the dirt was removed after the ten-year-

exposure-period because血eplasticizer contained in PVC 

migrated to the surface and dirts were released出roughthe 

deterioration and exfoliation of PVC. 

3-3・2Color difference of PTFE-coated glass 

fiber fabric at several locations 

Fig.8 compares D. E of specirnen D( P1下E-coatedglass 

fiber fabric) after outdoor exposure for one year at different 

locations. It is noticed出at出巴colordifference differs 

remarkably with出elocation of the test. Tokyo and Osaka 

were found to be出巴two釘easwhere the specirnens were 

出emost polluted. 

百leessential cause of dirt on coated fabrics isむrpollution. 

Hence， it should be realized how heavily出巴coatedfabrics 

are polluted depending on where it is actually used. 
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Table-2 Specimens 

specimens Surface treatment Coating material 

A PVFがfilm(25μ m)laminate 

B AcryJic resin co叫ting(matt suげ'ace) PVC*2 

C FJuorin巴co明tainingacrylic 

resin coating (miπor surface) 

Total Thickness 

Base fabric (mm) 

0.95 

Polyester 0.86 

0.59 

Total Weight 

(g/m2) Color 

1102 Whit巴

991 Whit巴

652 White 

1366 White 

686 Ivory 

581 Ivory 

D PTFE*3 coating 

E Fluorin巴coating

F Untreat巴d

Glass 0.92 

PVC*' Polyester 0目60

0.50 
*': poJyvinyl f1uoride， *2: polyvinyJ chloride， *3: polytetrafluor∞thylene 

Table-3 Outdoor exposure test locations 

No place 

1 Sapporo 

2 Sendai 

3 Niigata 

4 Tokyo 

5 Osaka 

6 Hirakata 

7 Higashimatsuyama 

8 Hamamatsu 

9 Mizuho 

10 Fukui 

11 Fukuoka 

12 Yamaguchi 

13 California 

14 Chicago 

15 Choshi 

16 Kagoshima 

17 Okinawa 

Adress 

Shiraishi-ku ，Sapporo City (Taiyo Kogyo Corp.，Sapporo Office) 

Kojo， Sendai City (Kohshin Rubber Co.，Ltd.) 

Hirashima ，Niigata City (Taiyo Kogyo Corp.，Niigata Office) 

Meguro-ku， Tokyo (Taiyo Kogyo Co叩.，TokyoOffice) 

Yodogawa-ku， Osaka (Taiyo Kogyo Corp.，Osaka Head Office) 

Syodai tajika，Hirakata City (Taiyo Kogyo Corp.，Hirakata Factory) 

Kaminomoto，Higashimatsuyama City(Taiyo Kogyo Corp.，Higashi-

matsuyama Factory) 

Takano-Cho， Hamamatsu City (Taiyo Kogyo Corp.，Hamamatu Factory) 

Mizuho-cho， Funai-gun，Kyoto(Taiyo Kogyo Corp・，MizuhoFactory) 

Ishishinbo-cho，Fukui City (Taiyo Kogyo Corp.，Fukui Factory) 

Hakata-ku， Fukuoka City(Rentool Taiyo Co.，Ltd.) 

Waki-cho，Kuga-gun Yamaguchi(Mitui Petrochemical Industries，Ltd.) 

Hayward，Calfornia(Helios Industries Inc.) 

St.Addison，III(Helios Container Syst巴msInc.) 

Shinmachi， Choshi City (Japan Westhering Test Center) 

kine-cho，kagoshima City (Ebihara Co.，Ltd) 

Hennoki，Kunigami-gun， Okinawa 
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Fig.5 Color differ巴nce(d.. E) in each specim巴n
at severallocations 

Fig.6 Color differenc巴(d.. E) during the ten-year outdoor 
exposure test at Hir泊。ta，Osaka prefecture 
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specimen A 

specimen D 

， . 

speclmen B specimen C 

specimen E specimen F 50μm 

Fig.7 Scanning electron micrographs of surface of outdoor-exposed sp巴cimensat Hirakata， 
Osaka prefi目 ture: unexposed(left) and after ten-years outdoor-exposure (right) 
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a : Choshi(Chiba Pref.) 
b: Fukui 
c: Henoki(Okinawa Pref.) 
d : Hayward(Califomia，U.S.A) 
e :Hamamatsu(Shizuoka Pref.) 
f: Niigata 
g : Sapporo(Hokkaido P間王)
h: Mizuho(Kyoto Pref.) 

hi jklmnop  

i : Kagoshirna 
j : Sendai(Miyagi Pref.) 
k : Yamaguchi 
1: Fukuoka 
m : Higashimatsuyama(Saitama Pref.) 
n: Osaka 
。:Hirakata(Osaka Pref.) 
p: Tokyo 

method for evaluating dirt-repellency of coat吋 fabrics，

出erear巴someproblems because this test is dependent on 

temperature， environment， area叩 ds巴ason.Furthermore， it 

takes too long. 

An apparatus for accelerating出edirt process was 

develop巴dand a series of tests performed for several dirt-

repellent specimens， to evaluate the dirt-repellency of PVC-

coated fabrics more quickly 

4・2Experimental 

4・2・1Specimens 

百lreekinds of comrnercial PVC-coated polyester fabrics 

were used as specirnens in both the outdoor exposure and 

出巴acceleratingtests. Table-4 shows the sp巴cirnensof 

surface-佐eatedPVC coating. 

Fig.8 Color differenc巴(/:;，. E) for PTFE-coated glass fiber fabrics Table-4 SUrface treatment for the specimens 
at di仔'rentlocations after the one-year outdoor巴:xposuretest 

Specimen Surface汀eatmenton PVC Color 

3-4 Conclusion 

Surface仕ea凶lentwith one hundred percent fluorocarbon-

resin clearly reduces dirt-repellency. 

The degree of dirt depends on出elocation of出巴outdoor

exposure. For example， Tokyo and Osaka were the most 

polluted sites. 

4. Dirt-process accelerating tests on PVC-coated 

fabrics 

4・1Purpose 

Although the outdoor巴xposuretest is出emost practical 

ー59・

A Polyvinyl fluoride(PVF)日1mlaminate 

B Polyvinylidene fluoride(PVDF) coating 

C non treated 

4・2・2The dirt process accelerating test 

A rotary-type test巴rto accelerate the dirt process was 

developed(Fig.9).ηle tester is a hexagonal cylinder with叩

opening of 6cm X 6cm on巴achside wall on which test 

specirnens(8cm X 8cm) are attached.百1巴standarddirt 

matter 2 gr創ns(Table-5)was coated on glass beads 10 

grams(1-2mmゆ)uniformly， and the dirt coated glass 

beads were put into the tester τbe cylinder was rotated 

white 

lvory 

lvory 
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with 30 r. p. m.出en白edirt matter adheres on each 

specirnen. In出isexperirnent，血巴testerwas placed in a hot 

oven for 30 minutes at 70
0

C 

Prior to仕letest，由especirnens were treated for one hour at 

70
0

C without rotation. 
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Fig.lO Color difference for PVC-coated fabrics obtained from the 

dirt process accelerating test. (Temperature of hot ov巴n:70
o
C)
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Fig.9 A rotary-typ巴dirtprocess acc巴leratingtester 
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Content and percentage by mass of standard dirt matter 

Content Percentage by mass % 
40 

17 

17 

17 

0.1 

0.15 

8.75 

(1IS R 5210) 

(1IS K 8746) 

(nS K 8330) 

(JlS K 5107) 

(JlS K 1462) 

Table-5 

P巴atmoss 

Port1and cement 

Kao1in 

Diatomacωus 回目h

Carbon b1ack 

Iron( 111) oxide for fe巾te

E旦01

sp巴cimenA 

011timexposLんeriod(mLth)
Fig.11 Color difference( /::，. E) during the on巴-yearoutdoor 

巴xposuretest at Hirakata， Osaka prefecture 

12 

5 

。。
4-3 Results and discussion 

Fig.10 shows the color difference after the dirt process 

accelerating test. Pol1ution was prev巴ntedmost effl田tively

on specirnen A with PVF film lamination fol1owed by 

spec凶lenB with PVDF coating. Pol1ution was hardly 
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prevented on Spω出lenC. 

A one-year outdoor exposure test was carried out for 

comparison with the results of the dirt process accelerating 

test(Fig.11).百四resultsof血edirt proc巴ssaccelerating test 

for dirt-repeU巴ncyon PVC-coated fabrics had a tendency 

sirnilar to those of出eoutdoor exposure test. 

Fig.12 shows the relationship between出eresults of吐lese

tests.百leresults of the accelerating test corresponded wel1 

to those of the outdoor exposure test. 

Consequently， regarding the evaluation of dirt-repellency on 

PVC-coated fabrics as judged by出eムEvalues，出eresults 

of a dirt process accelerating test of conducted for 30 

minutes at 70
0

C were almost the same as those of the 

outdoor exposure test for one year. 

4-4 Conc1usion 

5 10 15 20 25 
Color difference from accelerating test( /::，. E) 

Fig.12 Correlation of the color difference betwen the outdoor 

exposure test and the accelerating test for evaluation of 

dirt-repellency of PVC-coated fabrics 

30 
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τbis dirt process accelerating test wぉ foundto be more 



useful to evaluate血eperformance of a PVC-coated fabric in 

a very short period. 

5. Dirt-repellency of coated fabrics with titanium 

dioxide photocatalyst 

5・1Purpose 

As an advanced t巴chnologyof surface仕eatment，titanium 

dioxide(Ti02) phoωcatalyst is widely applied for 

d巴odorization，sterilization and dirt-repellency of various 

building materials in J apan. 

百ledirt-repellency of the coated fabrics treated with Ti02 

wぉ investigatedby叩 outdoorexposure test. 

5・2 Experimental 

5・2・1Specimens 

Four kinds of PVC-coated polyester fabrics叩 dtwo kinds 

of PTFE-coated glass fiber fabrics were used as specimens 

(Table-6). In specim巴nB， Ti02 coating consisted of one 

protectIv巴-adhesiv巴layerand one photocatalyst layer to 

avoid the oxidation of PVC itself from photocatalytic 

function of Ti02. In specimen F， Ti02 powder was mixed 

with the P1下Etop-coating since oxidation does not 0∞ur 
for P1下Ecoating. 

Table-6 Surface trea防犯ntfor specimens of coat巴dfabrics 

Specimens Surfac巴treatm巴nt

A PVC*' with non-treatment 

B 

C 

PVC with TiO 2 *2 

PVC laminat巴dwith PVF叫film

D PVC coated with PVDF判

E PTFE判 withnon-tr巴atment

F PTFE with TiO 2 

* 1 PVC: Polyvinyl chloride 
*2 TiO 2: 

*3 PVF: 

*4 PVDF: 

牢5 PTFE: 
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5・2・2The outdoor exposure test 

百leoutdoor exposure test was carried out at出esites of 

Taiyo Kogyo Corporation at Higashimastsuyama (a)， 

Saitama pref. and at Hirakata(b)， Osaka pref. 

As for the site of (a)， experimental tents were manufactured 

using specimens A，B，C加 dD. 1n (b)， unloaded sp巴cimens

of 30cm wide and 140cm long were attached to a sou血・

facing rack at an inclination of 45 degr巴巴susing specim巴ns

E阻 dF

5-3 Results and discussion 

5・3・1Dirt-repellency of PVC-coated fabrics after 

the outdoor exposure test 

Fig.13 shows the results of 11 E for PVC-coated fabrics 

with different kinds of surface treatment. From Fig.13， it is 

clear that dirt-repellency of specimen A with non-treatment 

is signific血 tlyweak， followed by specimen D with PVDF 

coating and specimen C with PVF film lamination in血is

order.百lemost pollution-repellent PVC-coated fabric was 

specimen B with Ti02 top-coating. Sp田町lenB rem勾ned

a1most dirt-f旨eι
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Fig.13 Color differenc巴(11 E) during the five-month outdoor 
exposure test at Higashimatsuyama， Saitama prefecture 

5・3・2Dirt-repellency of PTFE-coated fabrics 

after the outdoor exposure test 

Fig.14 shows出巴resultsof 11 E for specimens E and F. 

11 E for specimen E with non-回 atedTi02 was in出er叩 ge

of five to ten. on出eo出巴rh組 d，specimen F with Ti02 
maintained excellent dirt-repellency aft，巴r血e2-year outdoor-

巴xposur巴test.τ'hisresult shows that PTFE-coat，巴dglass 
fiber fabrics which are said to hav巴excellentdirt-repellency 

showed farther increased dirt-repellency with Ti02 

treaむnent.

5-4 Conclusion 

The test results showed that血巴PVC-coatedand P1下E-

coated fabrics top-coated with Ti02 hardly collected dirt. 

百lefabrics became further superior in dirt-repellency with 

Ti02住'ea位nent.
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Fig.14 Color difference( d. E) during the on巴ーyearoutdoor 
exposure test at Hir討<ata，Osaka prefecture 

6. Relationship between angle of the side wali 

and the rain water dirt streaks in the outdoor 

exposure test 

6・1Purpose 

百leappearance of rain water dirt s田 aksspoils白ebeauty 

of structures. The outdoor exposure test was carried out to 

exantine the relation between the degree of the rain water 

dirt sむeaksand出巴exposureangle of the side wall. 

6・2Experimental 

6・2・1Specimens 

Commercial PVC-coated polyester fabric and PTFE-coated 

glass fiber fabric without出巴surfacetreatment were used as 

specunens. 

6・2・2The outdoor exposure test 

τbe outdoor exposure test was carried out using unloaded 

specinlens 5cm wide釦 d100cm long.百lespecinlen rack 

was divided into two parts: the roof fixed at 45 degrees， and 

a side wall fixed at組組gleranging from 45-90 degrees at 

an interval of 5 degrees(Fig.15). 

6・3 Results and discussion 

Fig.16 shows the rain water dirt s回 akson the specinlens 

after seven months. When the exposure angl巴oftheside 

wall ag氾nstthe horizontal plane was 45 -65 degrees， rain 

water dirt s住eakswere not observed. However， when the 

angleex田eded65 degr民 s，streaks appeared. 

As a s仕ucturalrequirement against白erain water dirt 

stre必<son出巴sidewaU，出巴anglebetween the horizontal 

plane and the side wall should be as small as possible. 

Fig.15 Scene of the outdoor exposure test with various angles 
ofth巴sidewall 

(From right 45 d巴grees，50 degrees .・・ 90degrees) 

6-4 Conclusion 

It was found that rain water dirt s佐eはsapp伺rwhen the 

exposure angle of出巴sidewaU exceeds 65 d巴grees.

7. General summary 

(a)官1巴degreeof dirt is more conspicuous in出ecase of 

light-colored coated fabrics出andarker ones 

(b) The surface回 atmentwith one hundred percent 

fluorocarbon-resin cl巴arlyreduced dirt-repellency. 

Membrane materials were most polluted in Tokyo and 

Osaka. 

(c)百ledirt process accelerating test is useful in judging血e

dirt-repellency of PVC-coated fabrics in a short period. 

(d) PVC-coated and P1下E-coatedfabrics ωp-coated with 

Ti02 h紅dIycollect dirt and their dirt-repellency is s uperior 

to血巴町eatmentwith one hundred percent fluorocarbon-

resm 

(e) Rain water dirt s廿eakswere not observed when the 

exposure angle of the side wall against the horizontal plane 

was 45-60 degrees， but the streaks appeared when the 

angle exc四 ded65 degrees. 
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Fig.16 The rain wat巴rdirt streaks on the specimens after seven months 
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膜構造建築物用膜材料の防汚性評価

豊田宏*1

梗概

膜材料の妨汚性評価に関して一連の研究を行い、これ らを まとめた。

朕材料の表面処理については、 l∞%フッ繁樹脂の処理は防汚効果があり、更に酸化チ

タン光触媒を用いると顕著に防汚効果が認められた。

~材料の防汚性評価において地域差を調べたところ、東京や大阪で は非 常に汚れが 付

着しやすいことがわかった。

促進汚れ試験機を開発した。試験結果は屋外暴露試験結果と良く一致した。

屋外暴露試験における側面の角度が雨筋状汚れに及ぼす影響について調べた結果、

側面の暴露角度が65。より大きくなると雨筋状汚れが発現することがわかった。

• 1 太陽工業株式会社空間技術研究所博士 (工学)
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