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Thermo-physiological Responses by Presence of Vents and Difference in
Clothing Length for Construction Site Working Clothes

Seong-Suk Kim and Hee-Eun Kim'
Dept. of Clothing & Textiles, Kyungpook National University; Daegu, Korea

Abstract : This study examined thermo-physiological responses according to the design change of construction site
working clothes (control (C) working clothes; prototype (P) working clothes). We measured rectal temperature, skin tem-
perature, micro-climate within the clothes and sweat rate. In the evaluation of physiological functionality, based on pattern
improvement in working clothes, P working clothes showed significantly lower rectal temperatures, trunk and thigh skin
temperatures than C working clothes. It is preferable that rectal temperature should be kept low during work that is not
favorable to an increase in body temperature. P working clothes were more physiologically functional than C working
clothes. In addition, P working clothes showed significantly lower temperatures in the trunk and thigh parts in a micro
climate temperature. We could explain that the side seam zipper on the pants and the gusset on armpit parts create an
air permeability effect of lowering the temperature of micro-climate. Aggressive ventilation through the slit of the gar-
ment is an important factor for the restoration of the physiological function of the worker at rest between work. Sweat
rate showed a higher level in C working clothes than P working clothes. When working in a hot environment, workwear
needs to be designed so that the worker is not exposed to thermal stress. Therefore, it was evaluated that the P work
clothes used in this study alleviated the physiological burdens of heat.

Key words : working clothes (2t£-), presence of vents (57| 5% ), difference in clothing length (224 °] x}o]), rectal
temperature (3]7-%), microclimate temperature (2]& W] 7]-2)
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AYPL Aol Az g A, =L &
o A9 olFelghs 54e AU 7] Wzl kdaAet
o 9] WAsk= Afsle] st vhE Al viste] WA =
S Holt}(Che, 1995; Cho, 2009; Jung & Yu, 2013). AL
8 Tl 2EAE 2]l et Aol SW, &
9], AV, A8tz Wso] WEEAL AA|7F A& o
o =% 2 = Jon, e Jeje] Ae= Qs AAE
zhe] 2 #d Aoy vHEHQ KA =F(Choi et al,
2000; Choi & Park, 2007; Kim & Kim, 2006; Park et al.,
2011)0] o]0l 2]} Al #7 AElrt 2 A&He A4
$9l0) Zahash zade Sl wet S wslrh gl 4]
B2 A 1SS o)) SlelE S FEd 5
o A AABHAY & F&o] A7A] AR ARKTEE
3] o] TRl ok St Ao theket Rl A3
T AUe 7SR 25 e fEiMe B Aekal 55
of W& #de 7FEdHt o] MslS vefsle] A
ofte] A4 st 5 A 72 2 S 2HYY Fel
Z wh= 9"l dAIZE 27 Eth(Cooper & Glassow, 1972).
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Fig. 1. Appearance of control and prototype working clothes.
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Table 1. Comparison of pattern improvement area with C & P working clothes
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Improvement area C(cm) P(cm) Quantity of increase and decrease(cm)
Back length 60 63 +3
Front length 60 64 +4
Bust circumference 112 114 +2
Shirts
Back neck point~wrist 70.3 71.5 +1.2
Sleeve length 533 432 -10.1
Wrist circumference 33 33 0
Crotch circumference 65.5 64.5 -1
Front center of belt 3 4 +1
Back center of belt 3 8 +5
Pants Hip circumference/4 H/4+0.5 H/4+1.5 +1
Front crotch height H/16 H/16+2 +2
Back crotch height H/16+3.43 H/16+2 -1.43
Pants length 100 121 +21
Pants hem circumference 44.7 31 -13.7
£ Aigsision] A3 tigk Fol5 do| T 23]9] Al AlA Fe7F G aE  eR silen Jolet viA
7Fel=% sklvt o F5 wAl slod AAEH Al S8 S U0l &olskeS
A2l 24X7F F7] WE YUl ] E(circadian rhythm)ell IR, HRAIREE F3] vREE]7 EAlol A S WAE
°Jgk 2ol 5 jlol7] flel AdE 28 Ale] AEE 7sd 3 917k Zhike] Abgo] ash] BEs s - 2ol et
7h AR AR e ARl sk g W AAskslen, 13k T vl A3 oS sk A} Al ko] Tkt
A T 1 o] FAVRE T 23te] AFS AAE S Felel wol LAH(Kim & Lee, 201200 Wl F714EE
ok I@zE AE AR A7) AAE RS sl 5] A 371 918 A=elel W(mesh) A1) 75 FABEIG L
aol wE Aeuke-S HaE sigleon A7t <t Ha W upRle] & A &7 AR AFS F e EEHE Ut
o} FLg AgeES Fek=S sidich SRtk & Aol ARgE CoF P A Ee] AE 542 Table
APFoR AMGHE B2 AMFFNM ZEEE 7IE F 20 LERHSATE.
YE-(Control 2%, C A=)z 7154 FIAT17] S5t
WS 7fagt 7ﬂr‘?.aﬂ%(Prototype s, P AYE)0Z T 2.2, AlgaHy
o] ATh(Fig. 1, Table 1). C ZHES] Aol= dnk A9 P A4 AFeEE Aetete Q7 FES SR
E g2 AR svfde] oy WaRe sojglon of 26°C, dHiE= 60%= Agsiitt. HAxk= H 100%] 943
et A= 5= At Holsle FEjelth. Ay skele Mzot MEE 283 9l C 7—‘}?3%-4 P AAES Y A
S FE50] st = HAIFER Hof glom Al sjEdE = Zg8lal Aol it APES FFAe] 7] wet F
A IFHUZ A= 3 Imo® po] HRA| ook amjdelrt e F FRFe L
P AAH- AR 19}"] A 2 Al AYE B Afolz AYE-S Zbz Al P AE 2HE AF AL o
flek A 87ARKKIm & Kim, 200601 A8k del= g 9 A £719 S5 A T AR AT AEES
MAFE gl o) K] AfEZES SRl 25 2 HjAlsl7] flete] E7tele BaL 31E7] 1kl AHE d
= 4] Hales jdsision, ofErds anljEe R of of 74 A 7S T sIlth APe FAAe] Aol
SAA o7l EZﬂE glal exkshe g oplE7IAe] &4 K w7kA] SRS A0S 7R | AlRRsEES sijlen, T
o 58 olE delA] R=E ANAsIdch = 2407t 71 42 FA7] 208 Restye A F 3 WA 571 202(Ex 1),

A5 Mzgoz Mdaa selws 54 A Hsizlt WA

3]57] 102 Rec 1), B F WA 2571 208(Ex 2)7 35

7 ¥EF 33t 3ol vl o, H SYHEE & Ft 7] 10 Rec 2)°] F 80 R WA 7AHETF AR Sl &
Table 2. Physical characteristics of fabric
= Weight Count Density (Threads/inch) Tensile strength (N) Strain(%)
Composition Weave ) .
(glyd) Warp Weft Warp Weft Warp Weft Warp Wett
Cotton/Nylon 70/30  Plain 271.0 20's 70D/2 105 73 682 765 234 54.1
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Table 3. Test schedule
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3, R, o f 71, weks St 272 (Rectal
temperature)y> 27> Ao H]”ﬂ‘ﬂg A9 %g}o T
=HA & AEES 58 vpAS 7PEA =xek 3 A%
W 12em7A] AAIEIATE 22]a A H Ol ZE Jrdolo] &
o] gFeo] & IAHEE slglon] 2% tolE] 27 (LT-8A,
Gram Corporation, Japan)Oﬂ AAsle] AFeEE 1Huth o
4 715313tk 34%-2(Skin temperaturey> Hardy & Dubois
o] 71 F8HE ol&3 olnl, i, &, &5, HE, SE,
5o FREH 9ol AME FHAIA 5 dlolg 2A(LT
8A, Gram Corporation, Japan)S ©]-8-3lo] 1Enlt} A% 7|23}
aok AYE 7154E Wrkelr] g Fed@e AEH S
AR Table 30 YERNATE €15 W 715Micro climate)=
Thermal Recorder(TR-72S, T&D Co., Japan)s ARE-3le] ThE|
F219] HUSe & - 58 dE SAh LelRk(Sweat
rate)> 7%= 1g7HA &4 7Fest A2(1P3-2278053, Mettler
toledo, Germany)=. A3 A - 3] A|FHALFS 245t &
A iﬂE HWAGO 2 Hkslo] ARSSIGATE & ATl A &
= SPSS Win 22.0 BAZZIS o] galo] Faghe] A
l Pazol w2 wslel 7 77H0) tiske] rtest 2 ANOVA
ASE o™ Fofzks p<059lA rlE Foz AA st
A

Nr“r

)

3. &2z A =9

1. X|&2(Mean rectal temperature)

2720 yHegl 3 o]Eze Ao gy HlE-S Ao}
HiE 93 AAK(Yang et al, 2017)2 & B} 245
A Aol Wals AuE fﬂgj} e}, A8 A T7be] A3
C AYPE 28 Ao L FA7|(Restyl ] A2} v
ol $57] 1(Bx 1) T2RIN A4sislon 327 (Rec
1) F7boll LErst glo] Ao YA KA} 9%57] 2
(Ex 2)5 AIZFePHA thA] A53isltt. old vkl P 25 2
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Fig. 2. The mean rectal temperature during the experiment with C and
P working clothes(***p<.001)
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ERATHFig. 2). 242 HIHAT,)E Table 4914 ApA|3] A
HEH P A4S 2E A 357] 13 2 A 242 -0.063
0052 C AYERT} PtEe] A JESEI e AL &
I Ak 2 AFelN FE7|E 10202 AAsIEY ek
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Aths AL e zoa & 5 sich
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P AAELS C A5 TLS AR ool Hown
Axgole] YAAZ H Fef vpx] %% %7)9] qu E9) %g
FEA 2a7F 22 vkl IS vIA F AdE 7 A

2o Aol7t IAH o= *M%h:}. AP Ao Nam
(1994)7 Kim and Park(1999)2 A} 87 20 wa} §-9]%
g2 2polE WAEkA] EFAAIRE, Lee and Ryoo(1997)9]
ofojzulEo] Fejol wl Fofst AR 2jolE W A
oF Zro] 2 ApoMm ZFEe| FeF 24vt FA29] z}o]
2 Jeld 2o YeRth Yeon(2004)2] 17l &3 Wi
glojdo] Sl 2x= gjoje] Age] &3l widg ol o] §l
= 2x2 o] 2 Ao AR ET Ut §F Avks 2
Ate] Ao} dx|sle] AR Hﬂs‘i} 2 &3l fFE= A
| QFL PXE 84US & 5 AT ES, P ARIE 2
Ale] Aol 57] 1 #7k %‘—%—’%Ei A&A sHEhe A%
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Fig. 3. The mean trunk(left) and thigh(right) skin temperature during the experiment with C & P working clothes(**p<.01, ***p<.001)
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2 Ak o 9 Felel ol7k p AUBe] 2%
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}_

o] ExAg A e AoE Aisa 9o B AT 3.3. o|= L 7| (Microclimate in clothing)
ANE 571 1, 2 AN 2714 7 Y95 BT 7 T 55 P eAV|Toke ds e 59 o8 W 7]
F2o] a7 & S ERIITE C AR i gies 7} dEked A A 7l AA C 9 P AYPE FE
AR FA719E 29571 1, 20014 P AERTE felsl EUAL Ale] 7 tiE FRlelA S «11 W &= Fig 49
3 E7)X ] Felxbs VEREA] STt 71 B2 9 Table 491, 713} O)E 29)o)M =43 92 U] $EE Fig.

2 08 A0T AP P AR A=Yl T $571 5 59 Table 49 LERARILE
ool el FFS FoU B8] Tl 4= R EDISERUIESSSE RS

A 7700 AR P A
ol 9= AEelr 2 RS WA QS 2o et Bol Felshil Walth €)% ] e 257 1 7L
o I, Joo et dQUDE Se1 5 A WY G F A A} 06CE 1Y Sle 9 Pl 02-
A diFRoR YElecl satkn sigen ¢ Aguel o) 03°C AEe] LEAE BT ©% ] YELdNE F A9
S A Mmucl B ke 7k P06 071-097°C7HA 2A) Ukt P %
$%7) 1 TelAel Slet 4, Sl 5 4] P kel BE 571 7200 v Ll A AW o
oI 2 5ok 5T B o] fetel Gl vl % of $714¢) &g AT & Peols Brsn vEe) o
Bom WAHE A RS U TN HEOR A ¥ o) L} ORAOR e AL vAEe] Hel v 1)
T o e e e P e
BE| Folebe] HAES =A Selw wp ol AA ) wke oz AzhEn

Table 4. Physiological responses during the experiment with C & P working clothes

Rest Ex 1 Rec 1 Ex 2 Rec 2
C P t-value C P t-value C P t-value C P t-value C P t-value

T,.(C) 37.53 3728 21.655  37.54 3738 5656 3771 3753 21.092° 3778 37.63 7306 3784 3772 14.822"
AT,(°C) 20.10 -0.10 022 033 0.01 -0.06 0.15 023 0.04 -0.05
Trunk(°C) 3450 3406 7.6827° 3490 34.66 2360° 34.89 3505 -1.624 3447 3471 -3.842"" 3507 3498 1.094
Tipigh(°C) 3376 3349 7494”7 3382 3320 8.064 3425 3346 10721 3398 3330 11.994° 3450 33.75 11.340°
T, Trunk(°C) 33.69 33.03 7296 3432 33.66 7438 3454 3423 6.092°" 3431 3405 56447 3452 3418 5352
T, Thigh(°C) 3329 3258 12486 3347 3252 24.601" 33.50 32.62 13.866° 3335 32.38 28.412°" 3343 3269 13.1747

Hy Trunk(4RH) 7256 73.70 -3.147" 7604 7735 -099  81.76 82.63 -2.249" 8345 83.67 -0335 8557 8504 1.778

H  Thigh(%RH)  57.86 57.67 0.268 70.02 7595 -0.825  72.56 70.37 2.030 7595 75.83 0.107 7331 7205 1.105
*<05, **<.01, ***<001
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Fig. 4. The mean clothing microclimate temperature in trunk area(left) and thigh area(right) during the experiment with C & P working

clothes(***p<.001).
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Fig. S. Time course of mean clothing microclimate humidity in trunk area(left) and thigh area(right) during the experiment with C & P working

clothes(*p<.05).
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Fig. 6. The sweat rate of 7 subjects and mean sweat rate with C & P
working clothes(*p<.05).
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