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Abstract

This study evaluates the comfort and suitability of safety clothing. We made three safety clothes ‘y’, ‘Ig’,
‘IgH’. Only ‘y’ made with fluorescence fabric has passed International Standards (ISO 20471). A wearing test
investigated the physiological response and subjective sensations at 30°C and 50% RH, six men participated.
Mean skin temperature and tympanic temperature showed significant difference with experimental course (p<
.05). The micro-temperature (Tm) showed significant differences between three garments on the thigh (p<.01).
When wearing ‘Ig’, Tm was the highest. Micro-humidity indicated the interaction between clothing and the
experimental course on the chest with no significant difference; however, there was a low tendency when we-
aring ‘IgH’ after the second half of exercise. The sweat rate indicated a significant difference between ‘lg’ and
‘IgH’ at 20 minutes of exercise (p<.05). Three sensations showed significant differences with the time (p<.01),
there was also a tendency to feel hotter and more humid when wearing ‘Ig’. Skin sensation showed significant
differences between pre-experiment and post-experiment (p<.05), ‘y’ was the most preferred. The ‘Ig’ with
long-sleeved currently worn in Korea tended to feel hotter, more humid and more uncomfortable than ‘y’. It
indicates that there is room for improvement in Korean safety clothing.
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[ISO], 2013a, 2013b; Japanese Industrial Standards [JIS],
2015). =3 A A A F AU AlF =& Aol
A 7)ol AT = 7HE, violojd 2 8 E = 4

Sazd REste A% a7sa k. Akt
oz Aukelel mak, AHA o] §4 of o,
e, A 5 WEFAES S e o Ho] T
Az

SEQ HA0)E 7|20 Eato] AL, 2§

+= Ar3lo]| th(Japan Safety Appliances Asso-
ciation [JSAA], 2017; Japan Traffic Safety Education
Association [JATRAS], 2016; Korean Agency for Tech-
nology and Standard [KATS], 2016b).

2 98 Uheb BRE R B4 5 ol 2EA}
Z7sh3 93, AlTko} 37 ] skl o] of kol L} of
& Aol 2ol shs 242 grere o) £ Wzkele
37 |3} o) W EAFL8-0] =oK(Moon et al., 2020),
A A of] e = QFA 9] B (warning clothing, safety
clothing) 8o &gt WF AL o thFo] o] & &
F-E 32 ok LA 1A FA 9] & (high-vis clothing)-&

58 Fo A 2 8AE 9] )7 7 T ste] of )
Zhmol A kel A & 4 Q=S FAskel 4A A0
2 @A Ao A YL ANE FAFE B
2 3ch(IS0, 2013b; Kim, 2010).

oo £ A= 53] ol v m2HoA TS
T ohs ERuFFO] AR b A o] &
&7, Batet mgofAte] Mgk Al S =
d 5 Qe dAYEE, FA7| Sl ek Aot
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%1 5+(Park, 20192) 5 o] 1] =8 5to] QIA 2 A&
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219l A4 (IS0, 20132)0]] FF3LE 2 A EL A
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o
U A8 ATHE e 5 Qw2 Mo Bast
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B7bsho] oba] S ol s S E K] o AR
A EE R o B 0] 20%(RA| 7 & HE3ER
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8l S ANl HNAIEO| 22 HII-SMOF S2H ANlA=E FMoL-
of FEA] 855 = 7HA 4 & #0171 H H*é ¢l 4l 1995)0f| 2] 3} =74 3} % th(Table 2). =3t of 7] of] F-2}
Al & A4S e sho] A ARAL 24 & FAE A ) 5= A ARAL 24 = S RAF Al F 2= 54 7]
HEA] o] QA O E-& A 2Fhar 24 OEL Q1A & =& TR AR D50 W R Y I E& AHSSE
22433 B5}10] [SO 20471(1SO, 2013a) o)) A A| F A8 9] th(Park & Choi, 2018).
2| & A5-EL2 30 A TP 3R 9FE Fo
KS K ISO136882] 4.4(H Q3H)(KATS, 2014)2] 2145 2. S ME
A @ FALEE FEA 7 =A] o BB HESTh
2hA] 2 Aol A BIEe LR St R aE FolAE 2 Ao e AV &S Tae 99 PF A

g Ao] ARl RohEE REgh shetaly] g8 By 2719 214 A A+Z1EEA 18T F SApe)
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I 7 H Wt A 3£2(1S0, 20132) 0 A A A 7L 5910, 574
of w}2} sem Z o] A AL WE-E K25l A Za)
1. o|FsaX 9 th(Fig. 1).
u i FAVES FHT ) FHHE 3. QX ESHH
Y=ot - uetoll A @A 28 2l & | ahd
52 FFAE Ig(AF)E 1 542 <Table 1>9] A ) BHEEA U MHAHE
A 2 o) BT O R, wite] douhi QA2 - 712 30.541°C, 12 S0£10%,
o& 84 stol A o) 2hg3tel aA FFE nA & FF0] AF71F A A 20199 7Y 22 ef| A 31
54, B84, B4 HaES L, ~EE 7HA) Aol syl 46 S dgo =
2 KS K 0220(KATS, 2016a)°]], 4582 KS K 0594 <Table 4>, A A A2} 3 oFA 10E-E & = 4.2 km/h
(KATS, 2015)9]], & 7] &3} == 1SO 9237:1995(1SO0, Bl 25 208~3| 2 102 ZAZ AA S HY. =4

Table 1. Characteristics of fluorescent fabrics

Materials Weave Thickness Fabric account Weight
construction (mm) (warps x wefts)/5 cm (/10 cm?)
PET 65%/Cotton 35% Twill
(Conductive yarn 1 cm interval in warp included) (Yellow) (Gaberdine) 0.38 27361240 2.64
PET 78% (Stretch yarn 16% included)/ Fancy plain
Cotton 22% (Light-green) (Warp rip weave) 0.27 313.0 2106 2.68

Table 2. Physical properties of fluorescent fabrics

Materials Moisture regain ~ Water vapor permeability Air permeability
(%) (g/m?- 24 h) (ecm?/min/cm?)
PET 65%/Cotton 35%
(Conductive yarn 1 cm interval in warp included) (Yellow) 3.68 10,385 179.0
0, 0/ 1
PET 78% (Stretch yarn 16% included)/ 241 9.886 417

Cotton 22% (Light-green)
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Table 3. Sizes of safety clothing for man

Measurement item Total
Size L

No. 100

Shoulder length (cm) 50.0
Arm length (cm) 58.5
Short-sleeved length (cm) 26.0
Upper garment length (cm) 66.0
Chest circumference (cm) 114.5
Waist circumference (cm) 86.5
Hip circumference (cm) 112.0
Lower garment length (cm) 101.5
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Fig. 1. Three types of safety work clothes, and scene of wear test.
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Table 4. Characteristics of subjects

Subject Age (yr) Height (cm) Weight (kg) BSA* (m?) BMI** (kg/m?)
A 23 175.0 75.1 1.92 24.52
22 174.0 59.5 1.72 19.65
C 21 175.0 74.4 1.90 2429
D 21 171.5 64.6 1.76 21.96
E 21 181.5 65.6 1.85 19.91
F 24 170.0 57.7 1.67 19.97
Mean 22 174.5 66.2 1.80 21.72
SD. 1.15 3.65 6.66 0.09 2.05

*: Body Surface Area (BSA) = weight™*? x height®’® x 0.007184 (From DuBois)
*#*: Body Mass Index (BMI) = weight/height’

Table 5. Experimental schedule and the calculating spots of mean values

-10 =5 0 5 10 15 20 25 30 35 40 (min)
Sensor Attaching Sitting (Pre) Exercise (Walking) Sitting (Post)

Tty A A A A A A A A A
Ts A A A A A A A A A
Micro-clothing Temperature A A A A A A A A A
Micro-clothing Humidity A A A A A A A A A
Sweat Rate A A A A A A A A A
Thermal Sensation A A A A A A A A A
Humidity Sensation A A A A A A A A A
Comfort Sensation A A A A A A A A A
Weight Loss A VAN
Preference A A
Likability A A

O) ATHLE £ o3 5ol o5 Btk EG FuH 2

A&DAK(L )] A GPI00KS ool A8 Zol A= FZof uhet b phi s} 5784 & 2o}
A3t ol ZAske] 1 A 45t et

(6) 24 22

F84 4 =i (= gal Al = =
A SUASE A2, 9 Jof Yz Zdof gt
ATEe SHEE AY A Fof FFE S 1. §ZEE 2 H 37| 0|S0 st M=
o} B4 5} 9] th(Table 6)
A7) ES ST =9 TAF LA QL =7y et
3) SAEA U A5l Mg A=Y B8 5L <Ta-
SPSS Version 240]| &]3f| 7|3 A 2} FAHEA(ANOVA) ble 1>of A A3k u}e} Zro] A §-9] 241t 24, F7,
O 7 GoAE HA=38}%al, Bonferronio] th=H] U= 9 QA FA o A 2ol & vrERY AL QU
7% (Bonferroni Correction) ©. 2 A1 3] I A (A|7hH)of| uk Ety= A 1em 712 0 2 A=A ¥ AH(conduc-

- 1041 -



3lXl Vol. 44 No. 6, 2020

Table 6. Subjective sensation rating chart

. .o . . (Skin contact) (Skin contact)
Thermal sensation Humidity sensation Comfort sensation Preference Lk Ty
3 very hot 3 very good 3 very like
2 hot 2 good 2 like

1 slightly hot

1 slightly good 1 slightly like

0 neutral 0 neutral 0 neutral

0 neutral 0 neutral

—1 slightly damp

—1 slightly uncomfortable

—1 slightly bad —1 slightly dislike

—2 damp —2 uncomfortable —2 bad

—2 dislike

—3 very damp

—3 very uncomfortable

—3 very bad —3 very dislike

tive yarn) & Z$H5}o] 2 25| Q1 0L} 259 A= A
o] Fdstt. A o] B A ol A &2 A
71ES T Y& TAF 242 =2 y7t 3.68%,
b= TARS] A=A g7} 2.41% 2 2AFE o] y7t g9
1.54) =9fth. B4 == y7) 10885(g/m? - 24 h), g7}
9886(g/m’> - 24 h)2 ZA}E| o] y7} IgH T} OF 10% =&
o2 vetyth 271 B3 =L y7t 179(cm’/min/
cm2) Ig7} 41.7(cm’*/min/em®) & y7} IgH t} OF 4.3}
2 Ao Yeded ol A2 45 JJr“‘E
9 z 2 0] ztolof 7]Qdle Ao R A HT), 8
o 5719 ol B0l A y7t 37FA] s ellA mE

O AFLO
LTS g 4 AR

A ZEAFHN A E43 ZHFROoZLE BB
&, oYL, B LEE, 5 Koo WIF(HE
e A8k, NF P ALY FREARTF YU F
B 7h-g sEutrt 7] 23819l c). <Table 5>2] A
AA| ol A LET ule} gho] v SEZHO] P A &
BA% A ot gt

) I[E2(Tsk)

v Reo g 5 Aok O E 459 0) 3 ful e
(Tsk) © 2 o] Y EAHE X (2-way ANOVA)9|| 2] ) £4

EE IR R RS EXSPNE RS A
)27} LR 3L (p<03), T H] A F ol A = -9 %)
£ BolX) oot lg 28 Al B AFL Yo
v, IgH 28 |0 = W& 788 ¥ 9l rh(Fig.2). o] 2
e o B oo} v B o] th2 o] =g 28 Al

360
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=
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5 8 0 ® o 5 o O
€ e F g ¢ @ &

Time (min)

Fig. 2. Changes of mean skin temperature.

s A Ak} A x5} th(Jeong & Tokura, 1989).

2) OIL2(Tey)

M) TEhe AR S5 o &S 292 %)
BAREA A3k 4 Aok £ Aol ol e
T(p<05), THE LA F AN £ £ 347} ek A

oF ok th(Fig. 3) T 3] AR A ol A Tyt 2 F 3t
A T AHEA=0.5H)F 2

F]F

3) o= LHR&(Tm)

<Fig. 4>9] o] B 2= = 4k, F7, thEfoll A ¢t

-25-3 5 2tof| RS B I (p<01), A A F-
AN Aol et 53] Fehol A= &5 A
FEIL FRANE S AFS USG5 Uk

é
N
)

o B| 5o 4] 2ho] 2 A of| whE o Y u 2] ELAHELA (one-
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Fig. 3. Changes of Tty, and the correlation between Tty and thermal sensation.
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Time course {min) Time course (min)
Fig. 4. Changes of Tm on the chest, back, upper arm and thigh.
way ANOVA) Z 7ol A &= 9k Al(pre 0, 5)9} -5 2l Feo] kAR AEHS v 7MY =7
A A] SETF 105 AR (ex 5, 10)0l 4] Ig7} IgH 2H-§- 4] UrefUHA He 89108 = woh uhgho] We 2.9
wopfolelz) S e wt BRI, e FHE EHO FUR ARG PR o)L B LE
RO §-0)3 2pol = oL 9ot Ig A4 Al &2 7 % JFS v A B 2 F ol M S(back) 99
T BAtH(Fig. 4). ol= 27 S LR JEYE O E WL =7t R YA UEbgtow, BT A
LoEReut o gEoR Qs e dol, b skt AAS SF ol B 2O Qldtol
710l yRoh A o2 v o w2 g &7 9 11 53] 5 F-9loll+= ventilation®] F e w| A A] oF
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B E-& H o]l 9l th(Park & Kang, 2014). 5) LSkt
(D) A=yl gt 54

4 =BLEE Weheke QA F9lof what, kA Al &F 5 Al
<Fig. 5>0f A JE‘HAE‘E Az A4ud 2 o] &-gof wak ol 7t LaL, b Aol = ZpA| 9
I, 5 4, HE B BeloA b A9k & w2} 2po] & K Qlth(Ogawaetal., 1979). 21 4] 2 59
E A FAE HAlp<0l), FHE = A= FolA &5 Al EEto] ZH g R 91Ql 5 74
S>gusAoT s Lo ey AZHet AbY o A (Park, 1992), T4 © 2 23t wrghepol of 6
s-o] S Rlo) A = Aol 7 hebE S o S AT B o] o] fuA] HARA] AT k-2 -5 2 3120
5] FRolAE Folot Azke] AEAtgo] gl Ao £ FOIAHS 2 HUG0D, £5 208 (ex20) N3
2 e Fatel disto] Au A AR ATt o4 359 Rz 0] ggt Qv A BAEA ©
oAb QIO £F 15 (ex 15)3 205(ex20) A T}FU|w 4Zﬁ4@ﬂ@Hﬂ Al -9 27} et
B 2F 5 A (post 5) Al ol A IgH 2H8- Al B L(p<.05) g 2H-8 A WteFo] Wolth(Fig. 6). et
AFS Bt 4R QoA AYSE AA = &% 105 Z AfSE7}T &5 105 (ex 10)0]| A 1.0 mg/em? - min.
(ex10)& 7| H o 2 Aap A5dte AL Hoj H 7 o] A~3] B7] 58 (post 5)7} 2] 1.8 mg/em? - min.of| ]
B A Bl =3, &% 5 5E (post 5) & 77};(] 1 g Getal 1 Aast et o] A7t o A
FE7E A& E = FAR i EE 2 ATH(Fig 5). & A2 2 A 1.0 Bl <) o3~ 31 2.5(H =~ -5

inl

5 A 713 Bo] Wateliz R91i 5 9= o5y
SEE A e A0 NgAT A @
] 5} 9 th(Park, 1992; Park & Son, 1999). -1

S Ao AEIE e = Ao 2 XAME QT &
A= &5 108 (ex 10)0] 4 Z8:7ko] 53l
0758 S ol 25 208 (ex20)0 4 2 113
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Fig. 5. Changes of micro-humidity on the chest, back, upper arm and thigh.
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Fig. 7. Mean values and standards deviation of sweat rate.
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Table 7. Pearson's Correlation between sweat rate and thermal sensation

Thermal sensation and sweat rate

r
t
df

p value

Ig IgH

0.903 0.950

10.615 5.550 8.033
7 7
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Fig. 8. Subjective thermal sensation, and correlations between sweat rate and thermal sensation.

- 1046 -



- 1047 -

2 B 05
| | e *p<.05 . y = -1.7114x + 1.0074
00 T 5 0.0
C 3 o & . RZ = 0.9321
% 05 4 g 035 \ =X
g 10 2 1.0 ¢ "l
.é‘ A E\ ’ k- ¢ |
o) 5 - . gH
£ -15 = -15 5
E —o—y g - -igH g y = -1.7293x + 0.6726 —_
=0 : T 20 R = 095 xe
%o iged = 0954 g | s Ig
2.5 b -2.5
Pre0 Pre5 Pre10 Ex5 Ex10 Ex15 Ex20 Post5 Post 10 00 05 10 5\ 20 ===IgH
sitting walking sitting - ' ) y = -20057x + 1.028
Time course Sweat rate R? = 0.9788
(@ ®
Fig. 9. Subjective humidity sensation, and correlations between sweat rate and humidity sensation.
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Fig. 10. Subjective comfort sensation with time course.
Table 8. Pearson's Correlation between sweat rate and humidity sensation
Humidity sensation. and sweat rate y lg IgH
r —0.965 —0.977 —0.989
t 9.802 12.054 17.981
df 7 7 7
p value .000 .000 .000
oA S A E A0 whet 2 Aol & KBtk o™ & Alofl=-16(y: oFZ EF~=3), lg(-1.5: oFt =
BHE & TR 5E FTHAE o] o A (p<.05) F = ~EF), IgH(-1.3: F7F 3 o] L= 359 A7}
£ oA 3 Aol g ot B o] A 4H S 23k 31 0 2 vhebeeh o)} 2ol - 7t 7%
oF 4 51| A2 A9} 2 15 A hChungetal, 2 Wg} g o] u]$ FAFatol, Ig 2] A7} wshe]
2006a, 2006b; Park & Son, 1999). = 3} 2 3H2 A S7HAIA o] F A &Aoo EdS M Eol =
Aol 2% 2 fAR AL RO, 25 FR 70 A(2.0: B3)) 0 2 AL Ao} yo} gHis fAL
AR ol A= 1g(-2.0: E3)>y(-1.5: ot EFH~EH) S Holw o7t &3S 7] =t LR th(Fig.
>IgH(-1.3: oFZF EFf of] L) E Aol & Hlow, F 10).
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< W(cotton) 1} -2 S5, F5A, W40 2 FEAol TAVIEE ARt et FARF A =R
Afd egrgEssd dartdndee v FEEE FEAE NS S B 1 st=t ¥
W07t UGS L 5 ArkTable2). S0l He 8 & 71 ojof ek A& A AReh oL}
oA AT = d, &, 5719 ol sS g & <Fig. 11(a)>2] 3] 7] A& <Table 6>2] 2 = (2F 7
T Ue JES 28T Favt e, ddE5dde +RA7 SE4E A7 EFE A Yste] 4
93 ol =88 2gel F S vAT= HEH PG G2 Bl TAgle] =EHol
AZ HolFia gleng, o5 defsto] oHY 7|5 =25 WA o] R A sHE the A UER AL 9l
= A A AN A Sk Al o] 2 AR Q1A of] FES o AT} S2ke] A oA E B5E It
dojgo] S AHA 7= =Rol H AR & 5= w9 =& A (=0.95~0.98)<Fig. 11(b><} &
el th(Nam, 2007; Park et al., 2019). ej1fatH - A p<0DE Yeo] Fa7o] Ha4E A
O 5 T A2 P, A AR Blo] 2 o] B = vk S 2ol a1 Qlri(Table 9).
H| o ¥ 2] 9l 9] %] 7}A] 1SO(2013a)0]] A| A8}t §lo o] Al 7FAl A 7Hzhe] A= Ad ] ]
bR o]l 9452 AY Y5ty ot 2 Ad S R dEXALE L ES Park(2018)9]
A+ Aol st 2Bk =70 AR 2 ol 2h-g-%toll gt A 2ot fAksk Tt
A9 PHAA Y E 2 TN A = E}“}*UH* o= A& CRE R s ey
3 2L Fl= o] A A Bho] Ao vtz (D 41 & &= (Preference of skin contact)
sioh gAY =2 o 54 ?.‘;’l«] A A+ Sto IEHE AT e 30 UB)-30- )2
A A o) n| 3t sl B u st Sl Al = A 2, 38530 A5)-3( - F5)2 2T
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Fig. 11. Correlations between comfort sensation and thermal sensation, and humidity sensation.

Table 9. Pearson's Correlation between comfort sensation and thermal sensation, and humidity sensation

Comfort and Comfort and thermal
humidity sensation y lg 1eH sensation y le leH
r 0.983 0.978 0.949 r -0.919 —0.962 —0.927
t 14.130 12.534 7.936 t 6.150 9.272 6.526
df 7 7 7 df 7 7 7
p value .000 0.000 0.000 p value 0.000 0.000 0.000
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2 2ASHAT AP E O W RS @ ANE L AE ol y>lghlgR heh, 3 R S 4 1
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(Fig. 12). A% A7} 30| Y=o BRAy(125:  ACE Gehyvh lgs B sl o2 48 4
OF7F 28 2 IN>IgH(1.13: 7 28 )>1g(0.5: =~ FH MR 34206 E EA2U A Foll=
FhE G Ao o R e yE G MBS H IghelgZh neutral(0)S LrER o] 47k F L 714
o2 Uehdch 9 RS o] et AW AEE  ofoh whan) 28 A SE AR Kol 7} e A
= y7b 128 743 9k AR Fo) = neutral(0)of) 7} oFoFch(Fig. 12(b)).
7E9) A = 2R (0.08)% B Atk b 2] = 0.8(IgH) ol 4Fofl 4] A = u}e} 7o) gk 2Hel o] T %9l
~0.5(lg) % neutral o)A+ A LE o R Qe F & A7)l AAIEHIL 9lo] A R A
= Aoz 1g(0)=y(-0.1)>1gH(-0.3: T H ol A o3t L& obs F71= GolshA = Ao dkE
Z£O R olF)of olERth lg dEE= A A5 St A& &ol7] §ste] Faksh= AARNEAL 2
7P 2 0.5 FH~FE Fo)= YEH Rl e e el w9 B s 2A Held = 9l
&5 A Foll= 7HE =& A0.0)0S Uk o] A F 7] qZolth. 2B A L ¥o] H= e ofel
50 WMshr) 7H AQkeh. 2y A7 5 AT O AR, HhA 2 5 AR F2 Y UlolA 2
gkl IgHe A9 doll= yoF g9 57145(0.83)= ol U e MY LR HMIE & 4 S
et o u A9 o= 7 W2 3H(-0.3)= Zolth. 7oA = =oll & WA b= A= ol
Bt o] A s 2o upet 2po] 7F Z ok B3t IgHe A HRA] % & &7] Aol W(mash)S Hi o] 714 =
o o A= 7P WA e, AL oA 9] & Eole AR = Ad8E & itk &4 59
Sol ARt Rt o 7 M-S W= PET78%9] 714 oAM= 2 AA e 2EA FEUAS S0l H
23 Al & S A F(wicking) 3 HEH, A12-of A 1k e A7) fite] A= v vl
axmff 2H-g Alof u) Fofl ZhFal s T Sl = oM &5 FEAS EoledHervAdR &
of fio Wz e FF e 5 &S w9 A0 F5 - S714S w017] 913
@ 3 3= (Likability of skin contact) Do} 2R oA AU A 2 EUSHA] s 18T
THEE ASEuTIA 2 A ) 9 2|7} At o] & Al EAP A = A] REGSHES 7]
OAE H A (p<.01), HF 2] A= y=IgH(1.0: oF zHolHE Al Fshe Aol &40 F2 LF2 Y
T E5)>1g(0.67: T H~FE F )= UER T 9] 7 ARG E o 2 o) AL flsto] upeA] STkl Ab
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Fig. 12. The preference and likability on the skin contact.
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