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Abstract

This study evaluated thermo-physiological and subjective properties of improved disposable coveralls for
railroad carriage maintenance through climatic chamber trials and a filed study. Subjects wore five kinds of
disposable coveralls (Type A: a disposable coverall on the market, Type B: a coverall with an improved
hood and size-adjustable design, Type C: a coverall with a portable hood, Type D: a coverall with small
holes for ventilation, Type E: a sleeveless coverall, Type F: a separated type of coverall with half sleeves).
The air temperature in the climatic chamber was set in 9°C and 30°C. For each condition, subjects
simulated the railroad work for 120 min. and rectal temperature, skin temperatures, clothing microclimate
and subjective sensations were measured. The results of chamber trials showed rectal temperature and
clothing microclimate did not display significant differences by clothing type. In 30°C air temperature,
mean skin temperature was higher in Type E and Type F than in Type A(p<0.05) but between the
improved coveralls(B~F), we could not find any significant difference. In the case of thermal comfort, the
most preferred types were Type B and Type C in 9°C and Type F in 30°C. All subjects felt more
comfortable in the improved coveralls than in coveralls of the market (Type A). In field study, workers
preferred Type B, Type C and Type F to Type A but the most favorite type differed by the specific type of
work. Especially, workers were dissatisfied that Type D tore easily due to lots of small holes around the
armpits and Type E did not protect workers' shoulder and arms from oil contamination. According to the
climatic chamber trials and field study, the most effective coveralls were Type B and Type C for winter
and Type F for summer.
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Fig. 1. Schematics of experimental wears

£2 A7 Felo|t(EFFAl 236g). AEl £} A3
Rzl o3 Alofrt WejEithe Ho] EAIHORE A
AR BE o]& A3y Y3l HeEisd € 3%
A WgFe R IFEL Yol A} AlokE A o
ZE 3lgloH, 2xg A4 o F Eo] =
EAUS £ H & FHE5 /EYEY 10em 2
Al A=A 2ok o] F99 Alelz 2EE 4
& 71& Alol= AA A Lui9) the] F4E 10em
AA Az & BERet £8 2 =4 9 %
o] 1H-Zg Weith

@ C¥: BAE AT 28230922, FY
B Hol Migd Bart 2 Al AFFAHGE BT
< Fol7] 9i8] EAE FUE F URE AL
o FAlY =&EHE & £HE SPo2RE BIs)
| 9l xfolt ZerP o2 A7k

@ D¥: 57 YL FU1e AAE(Q13g)C =,
A5 HRE A% BTG EolV] Y3l F A=F
2 thE] Ale] Ho) AA 0.5cme] FHE g
2 F A= Fole 7 16 /14, 7heo] Alolo=
207K, F 52 HE Eo] 2 FHloly YR 7|&E
=23 i)

@ E 9: 7 &g 2FE(185g, TEA] 329)0.2,

N

® F 9: vk &vlfol] gste) Eeid 24 50232g, ¥
EA 32g)0. 2, AEE TIHE U7 £
sl Fele v vz A Ao, o
utet geke] £elstd A8 UAES
AR & 79 oF A E A3 1

2
FAshith BAE B @3 $U% Fejoln,
2. 913 7| S MM XIS BT}

AF 715H A Al AHSE HE o8, de =
A A AA Zgsta e FAE FAEA ¥, 224
9% T 2 A 7RG FHA= g Mg
" A7E a9l 20t) g Al HoZ HE o
223(+ 1.5, 71173(x4)em, B5A 67.3(+4.8)kg,
AEHH 1.82(£0.08)m’ BMI 22.5(£0.6)%c}h EF
2g o3 JAY A7 E BE AL &

52§ Ae AFA AF A Adsigdon,
AEdAe A9 243 W&S FE3] 123
Para) Fo] lol] Ay FdlwE syt

£ & Hoh
% oo

sl

- 1177 -



142 sk=20|=513 X

Vol. 28 No. 8, 2004

OF 1T AL AT 2 A Jy A
A AFEAS 9, 2003)F EUE ALH 3G A
A9l 252 9°Ce} o 5H 49 2% 30°CE HA
stgon, £5E= 40%RH, 715 0.1m/s ©)3E #A
A THFig. 2). 9°C 330 E A, B, C, D 3L Z%
/3 7394, 30°C 849AM= A,B,C,D,E, F¥
283 9o s APt FAXE FAE °}°ﬂ
g3 9 B2 Mg AL AAE EOE HA) 983
Agd AP A Ax vy AP dwrFoz 2
&3 2Ao= Ao, AEZoe ¥ A Ax,
70 # uix], AE, FY, &7 5} AgddE e A
HEZAFA FUE F9), 720 A0 Hx, 71 3 bt
A, AE), FL, 538 283507 SR

HPAte= AF gEo R Zol Y3 AF 71544
Sol7b 4L T T AY B4 120 27 =FF
Ak 120 # =25 AA x A AP L B
T35t A F24& W ATHEFg. 3). AEF
78 FE2 A 2E(Te), AT 25(Tw), A8 &
E(Ta), &8 F=Hy), ¥4FHR) 5ol F34
27t FE- AL §A 2z 2F HF el BE
AEd 24 FEEL | & HF0E A% 715849
on, 33 7ze A% AFRE 108 PHe=
AEA 222 7|23 YT} Tue Fuis 95
£ ZA7|(LT 8A, Gram Corp., Japan)E ©]&3}
Al dF F9Y ToE 248 E, DuBois®] 7 #44
<A 1>g o]&5}e »ﬂ& R LTS AL

o8, Toe 5 7148 AFE W8 ANE 13om A

Fig. 2. Scenes of experiments in the climatic chamber
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Table 1. Physiological and subiective responses during the 120 min. (°C, %RH)
Air Temp.|  Measureme .~ TypeC | TypeD | TypeE Type F
Te 37.3(0.3) 37. 4(0 0) 37.4(0.3) 37.2(0.3)
Tu 32.4(0.3) 32.5(0.3) 32.6(0.4) 32.3(0.3)
Tadomen 34.4(0.9) 34.9(04) 35.0(0.2) 34.7(0.4)
Tinigh 32.0(0.6) 31.5(0.5) 31.5(1.2) 31.7(0.4)
Ta , chest 33.6(0.7) 33.0(0.4) 33.7(0.6) 33.5(0.4)
oC Ty , back neck 32.0(0.3) 31.8(0.5) 29.9(2.3) 32.1(1.7)
T , thigh 30.1(0.6) 30.7(2.2) 28.9(0.2) 29.4(0.4)
Ha,chest 202(10.1) | 21.43.3) 19.6(9.8) 19.3(8.2)
Ha,back neck 27.0(12.1) | 21.7%(11.9) 16.522.7) 24.0(11.2)
Ha,thigh 19.109.2) 15.7(6.6) 13.72.6) 14.5(5.7)
Thermal Sensation -2.3(0.9) -1.2(0.9) -1.4(0.9) -1.9(0.9)
Thermal Comfort -0.3(0.7) 0.100.6) —0.0(0.8) -0.3(0.9)
Te 37.6(0.1) 37.5(0.1) 37.5(0.1) 37.4(0.1) 37.6(0.4) 37.6(0.3)
Tu 35.4(0.2) 35.0(0.3) 35.2(0.1) 34.9(03) 34.9(0.6) 35.0(0.8)
Tubcomen 35.5(0.3) 35.2(0.6) 35.5(0.2) 35.0(0.1) 34.9(0.8) 34.8(1.1)
Tinign 35.3(0.4) 35.1(0.6) 35.0(0.2) 34.7(0.8) 34.5(0.6) 35.2(0.8)
Ta , chest 35.0(0.6) 35.0(0.9) 35.1(0.2) 34.5(0.6) 34.3(0.4) 34.9(0.8)
300 T , back neck 34.4(0.5) 33.7(0.6) 34.1(0.2) 34.3(0.8) 34.5(0.5) 35.000.4)
T, , thigh 34.7(0.0) 34.2(0.8) 34.5(0.2) 33.3(1.7) 34.3(0.6) 34.7(0.9)
Ha, chest 58.6(25.4) | 71.024.1) | 55.0(37.0) | 70.325.7) | 67.7(22.8) 61.0(30.7)
Ha, back neck 55.6(17.3) | 73.3(2.4) 60.9(20.2) | 75.5(5.1) 69.0(18.9) 65.9(12.3)
He, thigh 54.5(8.8) 741111 | 63.9(19.8) | 703(144) | 69.6(23.6) 55.9(18.7)
Thermal Sensation 2.0(1.0) 2.5(0.8) 2.3(0.8) 2.9(0.3) 2.3(0.8) 2.3(0.8)
Thermal Comfort —-0.9(0.8) -1.4(0.8) -1.200.7) -2.0(0.7) -1.3(1.3) -0.8(0.8)

- 1179 -



144 e == N

Vol. 28 No. 8, 2004

A Gt Bt Yok A (1994), ©]-&A
2](2002), A3} £1(2003), ZH(2000)% =2
Feht aAo] e G2 o= AFY + Q)
Atz Basidoh. A#E3], 1751999 A
& 25°C, 30°C, 35°CY] &7 2x g didM=
o Aol & VERIARY, whdv (+akulx]), 74w
(+hA)ERs 58] el dsiMe #2433}
o]F Holx &Sttty Rusigict ey, o]u),
FE31(1997) Al 7EA oo|2H) & e iz}
Az F2F Aolg BYTiL sAEH, o
djojzn] M3 o) 7t He¥ W ¥u WA 3}
o|(zl & oot 71 viAo) A FHE, 7] F Fo9}
70wk, Wb 2 o) o) uk wp)yrt 317] W&ot} F,
o E Zg AgollA 2] o] Faojy FA o
AS, A BEIt E AS, B o8] BeF o)
7V A% 55 A3 o Bol FPLrd vX=
g FAHCR % A= ofd Ao Fy
|t

Occupational Safety and Health Administration
(OSHAYI M= B3 o)EL F831y AYshes A4
T74 LEE 38.1°CE HolMe & HH, 376°CE =
b e AYe Holk 3%-2] 18 hEFojof g
thy HASE QO™ (0SHA, 2002), 2 AE)Ete)
M E o BFHANN AHJY AE dRex
38°C 0|38 AT & e A 20 24L& 3%
gk 2 979 @ /A 24 BEF AFLE Hgd

(=} -
37.2~37.6°C Alol2 U3 8 A X AYPES 91 &
o QA AE FAYo] HR2T) g F Fx9

A 22 oINS ¢+ Ak

2) Ol 2%
B

i

et ;{g
on Hl
do

BE 2 Bojja 9°CRTE 30°C 7]
fFrolatAl &R (p=.000), A7
2 BE A EA 9°C =&
#2591, 30°C =28 ASoe
A Ho| FIUH(Table 1,
ZF70 e Haygezel

= 2
s
o
frood

L ood 2 rfo
o
2

ox It i

o e

S I o
o2
of

Fig. 4). 3 X AP E
zpolE RW, 9°ColME A, B, C, DE ZAPE 7hd)
freolgh Zol s A F QU2 30°CAM = 7€
Hel ARG AEY F A FE 9w A Y
9l E, FE2 Y2 ZA%e o 92 252 HY F
933'}(1): .02, p=.019), (Table 1, Fig. 4). Holmer et al.
1992y ojdl 2 ZelZ2FaAl glold] A} 713 &

A2 ® BE o8e 25°CH 36°CE 2RH & 7]
TN U W AP L AHA &FE siA
g A3}, 25°CoM BEd wkg-2 A9 vl ot
36°ColAM = te F 714 KR glojd] Ag 8¢ &
£33 B9 F 28 298 AgH REg K93

T BasEA B Role FF A=Y AW
XX e It F235K ¥o, 85 FE0 F
7FetAY 71&0] st HE R4 Aele Fadt
A AT AEA[T 2 AFe)A YRl A
O 7HA B9 &AlE 71E 2T A E) AL
EHe 29 Ll &7] s 2HEts £4
22 IR Fe t=2A Aot b 2]
ol ALGEHE Al 7] b A9 d3E dEd

0;

Holmer et al.(1992)2] A<} 24 vl g = glo
W, gko 2 JljatEle Ueksk e RAEE d3l8
2] ol a3ty S5 Ao & de W3l
flolx ZHg-xte] Ad Hgs A ¢ S A

E A"

W, A8, Br15(1999)=, 2 712 W
o3 AT FELEA FTAHA FolAE HAYX
T, 2F5Y] FE Wl oM {oF Ao
T+ gYoty B B Ao E 2at

VYNNI AY & A=Fole} sheto] Ato] Rioj

1S B 59 AFAQA Fd sl o

og FFS AFY T (AW AFAA T A
Ho) 93k & slr)d & 9L u)x)7, I Z )
THT 4 £ A7 Y & 9% Foa 4R
ThHEFv)4d, 1998). B3 Turpin-Legendre and Meyer
(2003)= A AE AA Y AFNA L35]8 glol
W3 7|5 ANE ZE Al A e Had
Az B7de ANE A8 A F Tl fosiA
AREAG Basigch 2y & AelA 57
Fgol o8] o3 FFo] A HR = ke, 2
olfE ATt FHEHC] 102em’E WA LT, &
Wele) wizlRe], 8 59 Fo] xREZ 249 g
o] s}, &9 o8By #|7t weEAr] fEY 2
olty, FEH 2T FalH A}l siAE o]
3 AjolE BolA odkEd], 1A= IPYBo] oy
9 B2t A ¥ ] W'2d otk s
Tk 2] S egol AAe) X A & 9
s AdFe g uARe e Ars golof tuR,
¥ &7E A% FE Ay sl o9l th
E F9o) HEAY, F4 AFES vy vkl R

= =

s

o ot ajn ¢
X
4
=)
fo
i
fr
I

- 1180 -



Xt

=1

i

T X2 i A

145

% B AssEg av) 2o 2w 2
24 5% FUE ARk @ Roltt,

o= R &

oE1 5% 9°CHUFE 30°CH =29 794
FolatAl E=UTHp=.000). YWHF o2 & o¥ 7
= AR FHUE g8 %71 32+1°C, FE 50
+10%RH, 7|15 25+15cm/sec @ WZ &n|3h=H| (o)
T4 9, 2002), & AT A3, 7k B9 9B 2=
= o8 FF 7F Fest 2ol glo] 9°C FAEAA H
T 33.0~33.7°CE BF9E7|Fo ZHF 2, 30°C
A E BH 343~350°C Alo]E RF:JEA T
LA Sige )

HE R g5 2= *EL— 9°C #7lA
2R 2% C FE 4% S M Bgey
AR 23 Rol= OM%P 30°Ce] Aol
ZHE 7+ 2 Holjlo] v th(Table 1, Fig. 5).
&, 248 3 455 =ol7] 98 BEAE NEA &
gE¥oz Vs dae givh 438 FHE FPEy
E2AE 2o E BEG, 2 olfE 2¥ HFA
F7kRohE, &g Al Alop Bl g 30171 s, &

22171 714 5o A 93L
T2 2l 93| § o] Frle H=

Eole r—ﬂ Bt o G343 ol g ¥g 2
B 5= 7o 94 B7] 7S %

AS 02 2ARYG By EARCR
°o]= o}t

qEY Fxe 7l2d w2t {234 l
(p=.000), A X ZFE] FHd w}%
= K (Table 1). &3 D 9] A

9 7] o] 9B £ 03?%%

71N ot folsk dgk glo] vldt aE EO%
At FLHFE o H Fre} a2 720
wE ztole Fol ok (p=.000), ALY EL] FFHl w
F93% 2ol $ATHTable 1). 2Fs], 87|z
(19995 wH3hEke 25°C, 30°C, 35°CY 87 &= 9
i}oﬂ taiA e Rfodt Aol Vbl AR, bt Ao}

0 avEle 589 el Aold il e T
FFE A < A B, E8)4, A
3H1992)%, 44°C 37300 & A1 B A Al £
wghagoul 2o whshare 71 4w )9} 71 WA
o) 8 A3 gk Aul )9} whulx] & 2 ulE

Fo% Aol & HelN ottt ShATk 22 A

ELE}iﬂHNFIOO

¢

-

E

=

- 1181~

T4-Chest

T.-Neck

T4 Thigh

0 20 40 60 801001200 20 40 60 80100 120
Time (min) Time (min)

Fig. 5. Clothing microclimate temperatures (Ty) during
120 min. at 9°C and 30°C air tempera-ture
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Table 2. Subjective responses during 120 min. at 9°C and 30°C (%)

Thermal Hot 0 0 0 410 | 641 | 513 | 872 | 513 | 513
sensation Warm 0 0 0 179 | 256 | 308 | 128 | 308 | 358
Slightly warm 0 0 0 0 333 | 769 | 179 0 154 | 103
Neutral 256 1 256 | 154 | 513 | 769 | 256 | 0 0 256 | 256
Slightly cool 179 | 359 | 385 | 333 0 0 0 0
Cool 282 | 333 | 333 | 333 0 0 0 0
Cold 513 | 513 | 128 | 282 0 0 0 0
$ 28.153 (p=.000) 25.450 (p=.000)
Thermal Comfortable 103 | 231 | 231 | 179 | 26 0 0 0 103 | 154
comfort Neutral 487 | 641 | 564 | 436 | 256 | 103 | 179 0 256 | 564
A little uncomfortable | 41.0 | 128 | 154 | 282 | 513 | 462 | 462 | 231 | 282 | 154
Uncomfortable 0 0 s13 | 103 | 205 | 359 | 359 | 564 | 154 | 128
Very uncomfortable 0 0 0 0 0 7.69 0 20.5 20.5 0
1 9.352 (p=.025) 42.456 (p=.000)

A (p=.025). =4 H#A 7] A5, AF 3 & 3
A= EAAE griete S-S 2 A
N o g 7kEsla, Fo)7 #Ae gl 80%
o]de] RS REY ALE FRYUTS 24
02 7 2-9(ASHRAE, 2001), AA € 714 %
A F9°CAM B FE H& ASD LT 2
273 o] ATHTable 2). 30°CoA £g& 0 & HH s}

c X

y

= AT [E] AR—
80% o4& ol gt 1ere T5% W7HE Fol u
o o°C AN AHF 9% J1F BYl HFPL
B2, A2d B 45§ AT Hgo] &2
A BAE oWI¥ 7VsAL AY gle Saith 29
1} eghoE EAHE $4E dFHolt 4F
AL ARl g Gaol o7 G&d
AA 8§21 Pl se 2 490
Av Yejol AYHe HFgauy egHo
28 o5 B3¢ 2YSE AL 47 o

KN
=
A A

el ayl o
B proad

it

5) Mi2| US3} FaH urg7tof Akat

A wbg F3A 7z 7ol soj=e] AaAle
Z 789 tHTable 3). 30°C &30l M 773 &
4 HAE BT g2y, i e, o8 2ER
o} ¥ £59 § 2o JEg BiY & o=
30°C 3730 43¢ RAE APE L7t g

Table 3. Pearson’s correlation coefficients between phy-
siological responses and subjective sensa-

tions

Te 0.080 |-0211%* | 0.284%* | (0.482%*
Ta 0.150 | 0.129 0.233** | -0.021
T , chest ~0.282%% | 0.098 0.007 | -0.086
Ta , back neck | 0.000 | 0.060 0.017 |-0.016
Ta , thigh 0.218** | 0.012 0.079 0.091
Ha, chest 0.204* | 0381% | 0080 |[-0.383%*
Ho, back neck |-0.063 | 0.563%* | —0.330%* | ~0.541**
H., thigh 0.058 | 0.505%* |-0.099 |-0.564**
#Ep< 01, *p<.]

-
-

galal w7 A 4% LE7} Eo, HE
=7} & AUt Bl FE7} S A
o g2 vk,

ABF AYAY B = At 43§+
T A48 ARE O AN BoREe o
dgog A RPN 4 23 A3
o2 AR P YL 2FE} B AUl go
=X A $EE HFE Whel Jou AE A
Hu) AYRe Aslo|ne A7 HAlo W 4ol

U <)
i o
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Table 4. The ranking of preference among work wears In the field study and rankings of percentage of thermal
comfort in the climatic chamber

e ' ;perce:n';age of | °Rankings of percentage of - Ranking of
Type t i the-climatic. | thermal comfort in the climatic | *preference=ax0.5+b
i i chamber -30°C x0.25+¢x0.25

A 5(0) 4 3 425

B 2@ 1 6 2.5

C 2(4) 2 4 25

D 5 3 5 4.5

E 4ql 2

F 1(5) 1
2o Ao oYy, W ANl 2RE AL WE R iAol drk 2N 2W wyPozE BYe) Y
A uEd BAeA 2. B AGD A4S 41 AuE 2FeE o) dbd AEdsel Bx
slot 3l U3]E RAX ¢l &5 A AAE 7 ek ] AR dojojBE AP WA S By
FE A @402 ATEA o) A3 Ay ¢ e SRR Fol F7He] &4 #A L A Hs)
A A JFdM e A2 Aty HME FEE 9 A FA18Fe= A o]t Ohnaka et al.(1993)2 41 A
7] $igt o“?éoi~ +8 2 A3dE nEF, 4R ¥ e 7 AY @A E3) AHA= 38 F-AE 2
A F e 4, IFY 2AFE 2%, 97 F99 5L A o2 Al 7R 2T 8731 35°C, e
AL, Ag, @ 2EHA BUEHE, =84 2§ 58 87 20°C, /A9 X3 35°ColAM At
ETHCRA, 2001). ol @ubAQl A5 Biely 3 20°CelA] e 27)lA AY sk S3 S A3}
£ A% AN AYAE AP AR B Aozt B B46) =3E AT AF LEdt Aukre A
oe Al HAE Azk) B 4 ATk A, Qg R ol wet 2vleAE oker], Helsd 2
A A Ee] oAl AdolTh £ Apeld A¥AL  =EB A A% exE FMoY 37 32 o
Yaiel AY ez 30°ColN £F HATE AN 9 2RO e MoIHD noT, E Be Ag
e AL HA] &g o) ueia fetsE & E(Constable et al., 1994; Horie et al., 2002)°]
e 0GR DY FAL 24 F AR F FA A Wl A 87 wFo) NY ¥9 A
9% 9 7k glo] 29 HAZE FANL £ 2ol WAL FHA 4B wusky A
b 2A2 3ol 8T F UES ATE Ao}

i) rl

F Alolch B4, A E o Ji Bx Yzt JHE
83k whiol I g B @7 ) Wzt
27| 55 43§ AFE JF et 24 Ay
FE T A den, ol olf] AxlFEelA W
g Z8HY Je /M HAFHA dtolr= sttt
whebA] AR stEA gt el B Wik AuiE )
wak= Aol Fasith A, e 2 22O
<iAlo]t}. National Institute of Justice(2002)= E&

AZEE AYAE B3 F & e 9D RS
oEo gomZ yiol RE B &g Zgg@e of

A ve 25 wEEs 3 dA s T 7
S q_ Z. OﬂQ Eﬂ-o"_% Zy"‘ 011:_ X—]@;g]_ 1;];(}0] ol
SAS AHE RAE AR A8 WA B

(engineering), ¥4 (administrative) 24 Fo] €7
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