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A Study on the Comfort and Skin Temperature on the
Clothing Environment in the Taegu City during Years
—Concentrated on indoor uniforms—
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Abstract : The purpose of this study was to determine the physiological responses and the subjective sensations of the
human subjects when 10 human subjects(5 males and 5 females) were tested with selected ensembles, including the uniforms
of students, industrial and bank workers. For the study, garment material and design were selected, which was mostly used
in Taegu area by the survey. Thermal manikin and the human subject tests were performed. The results were as follows: 1.
There was no significant difference among skin temperature of head by season and among that of breast and back by all vari-
ables, however, there was a significant difference among that of belly by gender and that of thigh and shank by season. In addi-
tion, there was no significant difference among rectal temperature by gender and season, but there was a significant difference
by uniform. 2. Mean skin temperature of male subjects was significantly higher than that of female subjects. Specially in lower
environmental condition, the difference got larger. 3. There was a significant difference among purse rate of subjects by uni-
form, but there was no significant difference among those by gender and season. There were no significant difference among
maximum and minimum blood pressure by gender, uniform, and season. 4. There was a significant difference in temperature
of chest among gender and uniform, and there was no significant difference in temperature of back by season. In addition,
There was a significant difference in humidity of back by uniform and season but there were no significant difference in that
by gender. 5. There was a significant difference in humidity sensation by gender, comfort sensation by uniform and season,
but there was no significant difference thermal sensation by uniform and season. 6. For the result of regression analysis, we
got the regression equations as follows: Clo=1.810 Thickness+0.525, Clo=0.475 weight+0.863.

Key words: thermal manikin, ensembles, garment material, regression analysis
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AolA AAE AT YA 75T AL =E&si%is
(Fanger, 1970), A= AA Z+ F9d=2 mi2o] #UsHA
U3 o)B-g 28 wolx U g geth o9k 2
< B3 wWlEse] yi=lo] <lAe] Feje} o] z} Fopd
2 O8 93 EXE A8 § AEE A7t 7t 9l
Aol #E7e] dugel] o HAHY ARE YK F e
A Huhd)7) (thermal manikinel] &3 A4S e DA =9
3} ch(Tamura, 1989).
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Mc Cullough 5(1992)2] A-7oNA 4dE (ensemble)t 7HH
E (garmentl] g el AP-E 53l 718AF] o
¥ DBE T3, oFe] AGAPNE F4sk= A& A
a9l Choi 51985y A% 3=l dat GdEE ©183t
o Al AY 23, 48 ARXE 1.08~ 227 cloi =
B7ERt 283 Mc Cullough 5(1993)2 A 53 5 ¢
A8 YR 37 Hus} riHES BAIZF ALY G
< vXtke 21E & v Uk

233 Zhu 5(1985)2 ALE T AUES AR8sly
AGAIANE 24slo] AGAYR Y] HHE 1.6~2.94clo °]
Atk B3 ¥l qlok T3 Mc Cullough $(1994)y ]
7HA 71%4 ol tigt AY AYXE AR 1EA

Table 1. Characteristics of experimental outwears and underwears
a) Male

e 0.17~2.6clo H Y9S- Bg ¥k Stk Huck
519852 HE 11% st MEehF] HHE dA)e
o AelEel ZAMLE 366.7~1018.8 go)2Z, AY A¥A=
1.7~24 clo®] Bl vk I3}

o}3 $g] YrplMe AHrpiZ) Y] Bge] 3] nu|gal F
2 71gAIeA] AARE Eel o] 83l ol s AT
E43 o A9 glE dAoith 123 R 29 WEd
#% APATE FH oz Po| FolE 4 X5 A& F
A9 wesl A4 ZARE A7e A9 wRE Aot

e B A3e A9 A7 AU & S FolA
A, BA, 2337 £53A4dE 87 oM zAREd vt
o B2 g AYE WOWA FAld Fgate] #EZHY
S Yl AT 45 ARE AL Bl o A
27t AR = AE(uniformyS A3t 53] AU A
g ooz Aexe] Bl Y fFHS &
ofr. 2} 33Tt

2199 A& st &89 ¥zt vxd g2 g
AR, 2238, F4713 A8 59 A 2ot &5l
o]Roix| = A tisle] HEXA Y cloghd: EE YHE
9 clogtg ¥olEil o] A& HE FFY FRe,
e 9 AAYYNSE S ol WHE FEA =
e FoE 27e 2Ac 2R AEe ARAATA A3t
S EE T TS AH3e 71F ARE AT
A7+EHE T

. . . . Weight Thickness Air permeability

Classification of clothing Materials Structure (ke) (mm107?) (cclem¥sec)

Jacket(w) wool 100% twill 0.865 105- 1341

High school uniform Jacket(w) wool 100% plain 0.851 115- 12.69
Slacks(w) T/W twill 0.591 58-, 47 7.76-, 8.62

HU) Shirt(s) TIC plain 0215 27 36.01
Slacks(s) T/W plain 0.387 52-, 33 45.13-,55.08

Jumper cotton 100% twill 0.504 41 9.05

Worker uniform Slacks cotton 100% twill 0373 36 17.90

(WU) Jumper T/IC twill 0414 38 9.75

Slacks T/C twill 0.325 34 10.10

Jacket(w) wool 100% plain 0.901 108-v¢ 14.98

Jacket(sf) /W plain 0.611 110-%¢ 12.20

Bank uniform Vest wool 100% knit 0215 48 11.98

(BU) Shirt T/C plain 0.287 27 36.01

Slacks(w) wool 100% plain 0.704 59-v¢ 40.00

Slacks(sf) TIW plain 0.402 48 45.13

Runing cotton 100% rib 0.089 50 210.00

Runing cotton 100% knit 0.084 27 214.12

Short pants cotton 100% knit 0.049 35 163.60

Short pants cotton 100% plain 0.091 22 12.69

Under-wears underwear-upper cotton 100% rib 0.150 49 150.89

underwear-low cotton 100% rib 043 49 160.61

underwear-upper cotton 100% rib 0.165 57 199.00

underwear-low cotton 100% rib 0.153 57 199.00

Socks cotton 100% knit 0.046 103 32.11

w: winter s:summer sf: spring, fall ¥¢: lining combination
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Table 1. Continued

b) Female
Classification of clothing Materials Structure ‘Xilgg;l t I:I‘;kl’(’)eif Alzcgz:nn:;e/::él)lty
Jacket(w) polyester 20%, wool 80% twill 0.731 115-%¢ 16.00
Vest(w) T/IW twill 0.320 65-%¢ 375
Skirt(w) TIW twill 0.371 60-v¢ 17.90
High school uniform  Blouse(sf) T/IC plain 0.160 22 32.64
(HU) Vest(sf) TW twill 0.203 60-v¢ 11.98
Jacket(sf) T/IW twill 0479 67-77 11.98
Blouse(s) T/IC plain 0.197 29 33.20
Skirt(s) TIW plain 0.281 53-v¢ 55.08
Jumper cotton 100% twill 0.333 48 21.76
Worker uniform Slacks cotton 100% twill 0.345 48 20.57
WU) Jumper T/IC twill 0.336 38 2371
Slacks T/C twill 0.280 38 22.95
Jacket(w) acryl 50% polyester 50% twill 0.484 72-v¢ 11.98
Jacket(w) T/W twill 0.435 64-v¢ 19.02
Vest(w) acryl 50% polyester 50% plain 0.204 66-7¢ 11.22
Bank uniform Skirt(w) acryl 50% polyester 50% plain 0.249 66-v¢ 14.17
(BU) Skirt(w) TIW twill 0.245 62-3¢ 20.27
Blouse(s) polyester 100% twill 0.208 42 44.12
Skirt(s) polyester 100% plain 0.208 57-% 20.98
Blouse(sf) polyester 100% plain 0.197 21 33.20
polyester 65% 225
Brassiere polyurethane 5% knit, lace 0.035 185.89
cotton 30% (cup part)
Short pants cotton 100% knit 0.034 36 178.31
Running cotton 100% rib 0.060 59 199.00
. long-39 long- X
Girdle nylon, spandex lace 0.065 short-58 short-199.00
Under-wears Stocking nylon, polyurethane knit 0.024 21 X
& accessory Socks cotton 100% knit 0.046 97 3211
underwear-upper(w) cotton 100% rib 0.185 68 7525
underwear-low(w) cotton 100% rib 0.180 68 88.91
underwear-upper(sf) cotton 100% rib 0.132 58 199.00
underwear-low(sf) cotton 100% rib 0.145 58 199.00
Cap acryl 100% rib 0.074 240 169.62
Gloves cotton 100% knit 0.025 50 191.00
Gloves wool 100% knit 0.048 157 58.52

w: winter s: summer sf; spring, fall, ¥¢: lining combination
2. Ay

2.1. dfxi=

SPE Ul B 25Eae] 2E Fe, FF % MRS
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£ 3] AL, 98, F5802 PRl FgoEe HA
st} ©]8t HU(High School Uniform)2 37](Table 1).

222 AE A 7]GA FollM S B2 d
ol 2E2x B g NErt 52 sl Af AAE
o 13 AEZALE AAlsl 7P dubE)] oAl
AA10] AE-S AT ©)3F WU(Worker Uniform)© 2 ¥
71(Table 1).

FE7HE A A 1) S8R 2e-st
£ AlEe] ¥, F7 4 ASE AR 122 HEx
ARS gt WieT) 7t 22 UARIE AAE A8 AL,
g, 2FE02 FEIA AL3YGTE o3t BUBank
Uniform)Z ¥.7](Table 1).

22 Alf Wy

A7 gAY A 249 A8 # 4A A7 U9
25T 2AL Ha 23S yEjsl] Agdidy d5es
@3 Agaa B d4g4de At AF 25 71E3H
B AMgste 19 2447ke] 2558 T HEE AL
a5 1=

NYuhd)7) : ASTM F 1291 EZHAUPE(ASTM : 1997)00
A WY mRiAE ol fale B} el GNP



7 - HH 2% DB 7E5E A tfRIGe G BRGNS e HFY (] AEE FYeE) 3719

Table 2. Characteristics of thermal manikin

Size Male Female
Height (cm) 175 160
Weight (kg) 40 50
Surface area (m°) 178 1.38
Neck line (cm) 39.3 324
Arm length (cm) 66 55
Bust (cm) 94 85
Waist (cm) 82 63.5
Hip (cm) 94 91.5
Leg length (cm) 84 96

Thermal Manikin

Personal A
Computer

Interface

Power Box

Fig. 1. Schemestic diagram of thermal manikin system for the
measuring skin temperature.

Table 3. Surface area and skin temperature of male thermal manikin

No. Parts Surface area (mz) Skin temperature(°C)
1 Head 0.1484 34.6
2 Breast 0.3341 342
3 Abdomen 0.2740 35.1
4 Upperarm (R.) 0.0867 34.1
5 Forearm (R.) 0.0631 34.1
6 Hand (R.) 0.0367 333
7 Upperarm (L.) 0.0895 34.1
8 Forearm (L.) 0.0631 341
9 Hand (L)) 0.0367 333
10 Thigh (R) 0.1324 327
11 Leg (R) 0.1143 323
12 Foot (R) 0.0710 327
13 Thigh (L) 0.1346 327
14 Leg (L) 0.1184 323
15 Foot (L.) 0.0774 32.7

233 Agel A2 AHEeF L FAAR @00
AT A QAP AEN TR IFE LA 2F
FE AMes] Agsiglon, AA1A =72 Table 29F 72}

Adeii|7] Agupde ohgat ot g1t Ad vhFe] &
Hele B72% 20°Ce AHEE 65% R HE 23E ¢
7154 ool AHErFE RIS HEeF 1559
AHYE JHE2Fig. e Y FR=S dHe T
ot g3 e ZF 2o s 4y sRess
Table 33} 7t}

Table 4. Surface area and skin temperature of female thermal
manikin

Surface Skin temperature
No. Parts area (m2) CC)
1 Head 0.124 32.68
2 Breast 0.125 33.73
3 Back 0.128 31.66
4 Abdomen 0.079 31.24
5 Loin 0.130 32.85
6 Upperarm 0.007 31.46
7 Forearm 0.067 30.82
8 Hand 0.060 29.72
9 Thigh 0.240 3278
10 Leg 0.211 3047
11 Foot 0.103 3222

Table 5. Physical characteristics of subjects

Gender Age(yr) Weight(kg) Height(cm) Rohrer Index

A 25 63 1675 1.340

B 25 60 171.5 1.189

C 25 64 174.5 1.204

Male p 25 56 166.5 1213
E 26 67 173.6 1.280

mean 252 62 170.7 1.245

A 2 52 160.2 1.264

B 22 54 162.0 1.270

C 22 50 161.0 1.198

Female 22 53 163.0 1.223
E 22 52 166.0 1.136

mean 22 522 162.4 1.218

AMEopf o] A2} ke o8- ZHEA7 F, <1F]
FAUe 259 20t YA o el e IFe
A3 #E FAEE FEEE AP A HH, 1&
o2 308 Bt vhilF e HEL, 7|e, A6lE HETF T
o] 718¥}. of ¥ AAE o83l 283 AFejre] F
AGA LA RwidyS F8Hdc}.

oz NEohy7) A¥L dE MatsumotoGF )M A 2HsE 7
& ARSI Fig. 19 et Sl A} ol Al 175
9= BaEo] glon, Bl 117 FHLEE Z2AEHS
o, ojul9] 11 Zzt F-9)o) Ao] FFHE, FEIdBH
ojuje] ¥H 2% = Table 49} 72t}

AY)ES EAIZ] F, ¢ 0.1 mm®] thermistorS AM2-5}d
oln}, 7\, &, B, g, A, A, &5, viE, 35, ¥F
9 1159 BH2EE Sg3inh Navhd7) 488 5
g WAl E ZejAle] st EAEE Albelich

olg EfE Felo] o5 dAe| g Feigen, 1
clot 0.1555°C/W/m™ ] 2.2 Icle& Bkaisich. _

QA 3} A9 oYY 1897 AU B 25EE A
71 2EEAE AR SRS dA2RE &= 15°C, 55%
RH, 20°C, 60% RH, 25°C, 65% RHS Al 7} &3¢
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AU A8 g FAzRos dRsNeH, Al 7R B8 2
F 71%E 02misec oI32 AP o AASH FHe
Head, Breast, Back, Abdomen, Loin, upperarm, Rorearm,
Hand, Thight, Leg 2 Foot 113%-¢joll tdl] 2793t om
AR @2t 59, 2t 57 diSE AR g A
Hrigta Qg7 EAoA AA Ao AEE AT H¥
29| AAH 542 Table 59 2T

HEuR-Le MHA, FR bR, diER, SR SRR
%, 1976 SjEte] AEstRen, XA FaK 5,

1. High School Uniform (HU)

(1) Male (2) Female
Winter Summer Winter Summer
Shirts Shirts(s) Blouse Blouse(s)
Jacket Slacks Jacket Skirts
3. Bank Uniform (BU)

(1) Male (2) Female

Winter Winter Summer

Shirts Z Shirts Shirts(s)

Vest Skirts
mj Jacket
Slacks

Fig. 2. Design of experimental uniform and underwears

1976)9] 2ol Wzt Bt APAES] 42F WE 8
Q& 7P wiAISA SUT Aol YBS =S dFL 3
YAk, APREL AF 2AZle] 3l FHldolM 6087
S AT F AFVIFHA YA A ke AE=
6080l AXA APS At dHeHe A 2 A& 7L
2o 7H dukr oz Agse W e Bk 747 3%
Fol e, A Y 224 258 47 6379 e,
FE71R IF AE 357 PFE el QA 28 A¥
< et old AMg-g A elEe] TR Fg. 29 #th

2. Worker Uniform (WU)

(1) Male (2) Female
Jumper Jumper
Slacks Slacks

4. Underwear & Accessary
(1) Male (2) Female

= 2

Short Pants Short Pants Brassiere

0 0

Running Running Girdle

Jhee

Underwear-upper Underwear-upper

I 0

Underwear-low Underwear-low

B W

Socks Socks
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Table 6. Means of skin temperature on each part, rectal temperature, pulse rate, and blood pressure of subjects

15, 55% RH 20, 60% RH 25, 65% RH
Gender Parts
HU wWUC) WU(T/C) HU wu( ) wu(r/c) BU HU wWU(C) WU((T/C) BU

Head 31.76 32.54 33.49 34.22 34.88 34.88 3349 35.54 35.24 35.37 35.08
Breast 35.43 33.05 34.99 32.73 33.43 33.43 34.99 35.70 35.17 33.19 34.07
Back 35.56 34.11 35.28 32.34 35.46 35.46 35.28 34.61 33.56 31.93 32.99
Belly 34.81 34.22 33.33 35.31 34.43 34.43 33.33 34.36 35.36 35.14 35.33
Loin 35.11 32.02 34.06 35.54 34.27 34.27 34.06 35.04 35.88 34,03 34.24
U.Arm 33.97 30.70 33.93 30.30 31.05 31.05 33.93 32.33 33.68 32.47 30.38
FEArm 33.52 28.96 33.68 32.07 30.54 30.54 34.68 32.18 31.80 34.00 33.11
Hand 31.81 22.94 31.20 31.72 27.34 27.34 31.20 33.10 33.80 33.32 32.96

Male Thigh 30.80 28.50 33.66 32.27 31.50 31.50 33.66 32.79 33.04 32.61 32.24
Shank 30.46 27.33 29.12 32.17 30.80 30.80 29.12 32.09 31.89 32.83 32.53
Foot 34.54 24.52 33.23 33.30 26.28 26.28 33.23 33.34 31.74 32.46 32.78
MS.T? 32.87 30.23 33.14 32.55 32.13 3213 33.34 33.75 33.47 33.38 33.34
R. T 37.38 37.24 37.57 37.26 37.34 37.14 37.57 36.98 37.37 37.51 37.17
P RY 76.15 73.23 76.62 76.38 73.54 80.23 81.31 76.62 68.77 72.08 73.38
S. pY 122.4 120.6 123.0 123.8 124.7 122.8 122.3 1177 126.9 127.1 125.3
D. p? 83.54 75.77 80.62 81.46 74.23 76.62 83.15 73.31 80.92 82.77 80.08
Head 31.83 32.03 32.94 34.76 33.98 37.55 3541 34.45 33.68 34.60 33.93
Breast 32.74 34.18 33.71 33.41 35.00 33.22 34.92 34.81 35.32 36.44 34.86
Back 33.94 32.17 29.75 34.42 33.45 34.30 33.93 31.55 34.57 35.42 34.74
Belly 33.54 34.12 3441 35.57 36.51 33.25 35.83 36.22 35.13 36.72 34.88
Loin 33.76 33.52 34.52 35.67 34.64 34.40 32.71 36.70 33.92 30.31 34.84
U.Am 33.37 28.10 32.64 32.28 30.01 33.61 31.65 3247 29.45 30.92 31.25
FArm 27.76 30.33 30.70 31.86 33.07 28.83 32.70 30.07 30.63 29.85 29.64
Hand 20.89 22.35 23.27 25.98 30.41 29.92 32.50 23.99 27.57 29.54 30.41

Female  Thigh 31.41 26.55 30.56 31.35 30.62 27.78 30.40 31.40 30.13 31.04 30.57
Shank 24.51 28.71 27.70 27.58 30.51 28.22 29.73 30.44 30.57 29.22 29.49
Foot 19.71 24.80 24.23 26.66 29.49 28.57 29.07 32.25 27.31 28.61 31.17
M.S.T® 27.40 27.80 28.51 28.97 29.75 27.97 29.68 29.31 29.26 30.41 28.94
R. TV 36.82 37.26 37.57 37.71 37.38 37.55 37.49 37.54 37.42 37.25 37.40
P. RY 66.08 68.85 71.23 73.08 76.31 68.38 69.85 79.08 69.46 70.77 65.38
s. pY 128.2 126.9 132.4 123.3 128.08 120.54 125.6 130.0 128.2 120.0 127.7
D. P? 76.49 81.92 83.185 83.85 84.62 78.54 82.38 83.92 81.69 83.38 82.38

Note) "M.S.T.: mean skin temperature
PR.T.: rectal temperature
9PR.: pulse rate
9S P: systolic pressure
“D.P: diastolic pressure
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Fig. 3. Variation of blood pressure & pulse rate with lapse time
*PR.: Pulse Rate, * S.P: Systolic Pressure, *D.P:: Diastolic Pressure
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Fig, 4. Variation of microclimate at breast with lapse time
*C.T.: Clothing Temperature, *C.H.: Clothing Humidity
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Fig, 5. Variation of microclimate at back with lapse time
*C.T.: Clothing Temperature, *C.H.: Clothing Humidity
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Fig. 6. Variation of subjective sensations with lapse time.
*T.S.. Thermal Sensation, *H.S.: Humid Sensation, *C.S.: Comfort
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Table 7. Clo values of the ensemble garments uniforms
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Gender Ené(::il:le Ensemple garments with uniforms v:ize w(il:;l t (thml;lkln(;a_szs)
HU(S) Shirt(s), Slacks, Shirt, Short Pants, Socks 1.010 0.828 254
HU(S&F) Shirt, Slacks, Shirt, Short Pants, Socks 1.010 0.828 254
HUW) Jacket, shirt, Slacks, Underwear-upper & low, Shirt, Short pants, Socks 1.267 2.143 479
WU(S) Cotton  Jumper, Slacks, Shirt, Short pants, Socks 1.195 1.056 242
WU(W) Cotton  Jumper, Slacks, Underwear-upper & low, Shirt, Short pants, Socks 1.253 1.421 366

Male  wiys) TIC Jumper, Slacks, Shirt, Short pants, Socks 1134 0981 237
WUW) T/C Jumper, Slacks, Underwear-upper & low, Shirt, Short pants, Socks 1.290 1.283 361
BU(S) Shirt(s), Slacks, Shirt, Short Pants, Socks 1.093 1.192 3.04
BU(S&F) Jacket, shirt, Slacks, Shirt, Short Pants, Socks 2.083 1.803 414
BUW) Jacket, shirt, Slacks, Vest, Shirt, Short Pants, Socks 2.202 2.430 462
HU(S) Blouse, Skirt, Brassiere, Shirt, Short pants, Girdle, Socks 1.271 0.781 557
HU(S&F) Blouse, Vest, Skirt, Brassiere, Shirt, Short pants, Girdle, Socks 1.492 0.974 617
HUW) JaerL B]oqu':, Vest, Skirts, Brassiere, Underwear-upper & low, Shirt, Short pants, 2463 2.661 826

Girdle, Stocking, Socks

WU(S) Cotton  Jumper, Slacks, Brassiere, Shirt, Short pants, Socks 1.366 0.853 513

Female WU(S) T/C Jumper, Slacks, Brassiere, Shirt, Short pants, Socks 1.184 0.791 493
WU(W) Cotton  Jumper, Slacks, Brassiere, Underwear upper & low, Shirt, Short pants, Socks 1.727 1.156 649
wWUWw) T/C Jumper, Slacks, Brassiere, Underwear upper & low, Shirt, Short pants, Socks 1.545 1.156 629
BU(S) Blouse, Skirt, Brassiere, Shirt, Short pants, Girdle, Sockss 1.161 0.656 574
BU(S&F) Vest, Blouse, Skirt, Brassiere, Shirt, Short pants, Girdle, Stocking, Socks 1.183 0.827 640
BU(W) Jacket, Vest, Blouse, Skirt, Brassiere, Shirt, Short pants, Girdle, Stocking, Socks 2.115 1.357 712
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