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Abstract

This study examined personal protective clothing, specifically the D (M, L, XL) and C (L, XL, 2XL) levels
with high sales rates. The goal was to collect essential data for developing Korean personal protective clothing.
There were eight and twelve patterns for the D-level and C-level, respectively. While the pattern dimensions
were similar, the chest and waist circumferences (relaxed) were larger in the C-level, and the waist (extended),
hip, upper arm circumference, and total lengths were larger in the D-level. The D-level wear sensation worked
well for average-sized Koreans in their twenties, but the C-level caused discomfort in multiple areas, such as
the face, arms, armpits, hips, crotch, thighs, and knee during movement. Consequently, this region required pat-
tern adjustments and resetting for improved comfort. The grading rules were 10 cm in the chest, waist, and hip
circumference, regardless of the level, with slight differences in other parts depending on the levels. Thus, man-
ufacturers should establish new grading rules to suit the Korean body shape.
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Products analysis

Items

¢ Level D:M, L, XL
« Level C:L, XL, 2XL

‘Website-provided <{
di q Compare
imensions

Measured product

specifications
= Ease
= Grading rule

1
Product
disassembly

Comfort evaluation

‘ Items

¢ LevelD:L
« LevelC:L
I
Virtual fitting Actual fitting
Subjects Subjects

8t Anthropometric Survey (Size
Korea) — Average-sized male
avatars in their 20s

Korean male in their 20s — Seven
subjects of average-sized male in
their 20s provided by SizeKorea

One-time movements

Repetitive movements

Attention pose
Arms up pose
Running pose

Lifting 10 kg objects

Putting 10 kg objects on shelf
Running

Going up and down stairs

= Subjective sensation

!

Basic data collection

Fig. 1. Schematic d

iagram of research design.
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Table 1. Average data for men in their 20s from the 8th anthropometric survey (Size Korea)

(N=610, Unit: cm)

Height Chest Wist Hip Neck Shoulder Arm Wrist Ankle

girth girth girth girth width length girth girth

Mean 175.3 102.7 83.1 97.2 37.4 442 59.0 16.9 25.8
SD 5.5 6.6 8.5 1.6 22 2.3 0.1 1.1 1.0
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(a) Lifting 10 kg objects

(b) Putting 10 kg objects on shelf

(¢) Running (d) Going up and down stairs

Fig. 2. Motions for the wear evaluation of repetitive movements.
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Table 2. Points of measure and grading rules according to the levels (Unit: cm)
Points of measure Level D Level €

M L XL L XL XXL
Hood opening girth (extended) 64 64 64 50 50 50
0 0 0 0
Hood opening girth (relaxed) 41 41 41 40 42 44
0 0 2 4
Neck girth 49 49 49 48 49 50
0 0 1 2
Chest girth 128 138 148 146 156 166
-10 10 10 20
Waist girth (extended) 124 134 144 130 140 150
-10 10 10 20
Waist girth (relaxed) 98 102 106 106 108 110
—4 4 2 4
Front length 24 26 28 45 47 49
-2 2 2 4
Sleeve length 85 88 91 87 90 93
-3 3 3 6
Upper arm girth 69 74 79 70 75 80
=5 5 5 5
Sleeve opening girth (extended) 36 36 36 36 36 36
0 0 0 0
Sleeve opening girth (relaxed) 19 19 19 22 22 22
0 0 0 0
Hip girth 125 135 145 130 140 150
-10 10 10 20
Thigh girth 70 75 80 74 78 82
-5 5 4 4
Outseam 138 142 146 116 119 122
—4 4 3 6
Leg opening girth (extended) 52 52 54 54 56 56
0 2 2 2
Leg opening girth (relaxed) 26 26 26 22 22 22
0 0 0 0
Total length without hood 162 168 174 161 166 171
-6 6 5 10

Gray cells are grading rules based on an L size by the D and C levels.
Table 3. Website-provided size specifications for purchase (Unit: cm)

Level Items S M L XL 2XL 3XL

Chest girth 84-92 92-100 100-108 108-116 116-124 124-132

D¢ Height 164-170 170-176 176-182 182-188 188-194 194-200
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Table 4. Strain distribution by pose according to the level during virtual simulation
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Table 5. Ease space distribution by pose according to the level on chest and hip girth section

Ease area: 192.8 ci

Chest girth Ease area: 313.3 cnf Ease area: 178.3 cnf
section
C
Ease area: 226.9 ci Ease area: 394.2 cf Ease area: 181.1 cf
D _
Ease area: 224.5 cnt Ease area: 105.4 cif Ease area: 121.5 cif
Hip girth section
C _
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Ease area: 114.5 cnt Ease area: 98.8 cii

The dots were automatically generated by the program and had no meaning.
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Table 6. Subjective sensation of wear comfort when repeatedly lifting a 10 kg object to the waist while bending

the knees and waist (N=7)
Level D Level C
Body parts t
Mean (SD) Mean (SD)
Back of head 3.1(L.3) 33 (LD -2.17
Front of face 2.9(1.6) 2.0( .6) 1.353*
Neck 3.6 (1.5) 34(1.6) 171
Shoulder 43(.9 37(.9) 1.124
Arm 43(.9 3.9(.1) 792
Armpit 4.0 (1.4) 3.6(1.4) .570
Wrist 41(.9 4.0(1.0) 281
Waist 4.0(1.4) 34(.7) 934
Hip 34(1.3) 26(.5 1.643*
Crotch 3.0(1.2) 21(.7 1.686
Thigh 39(1.2) 1.7(.5) 4.330%
Knee 3.6(1.3) 2.0( .6) 2.976*
Calf 4.0(1.3) 3.7(1.3) 420
Ankle 4.0 (1.0) 3.7(1.3) AT1
*p<.05, **p<.01, 1: very uncomfortable, 3: neutral, 5: very comfortable
Table 7. Subjective sensation of wear comfort when repeatedly putting a 10 kg object on a shelf (N=7)
Level D Level C
Body parts t
Mean (SD) Mean (SD)
Back of head 4.0(1.2) 3.0(1.2) 1.620
Front of face 33 (L. 1.7(.5) 3.422%
Neck 4.0(1.3) 3.6(1.3) .626
Shoulder 4.1(.9) 39( .9 594
Arm 3.0(1.2) 1.9( 4 2.489%
Armpit 3.4(1.3) 1.7(.5 3.328*
Wrist 33(1.4) 1.6 (.5) 3.065%*
Waist 4.0( .8 39(1.2) 258
Hip 3.7(1.5) 39(1.1) .000
Crotch 3.7(1.7) 3.6(1.4) 171
Thigh 4.0(1.4) 39(1.2) 203
Knee 3.6 (1.6) 41(.9 816
Calf 4.1(1.1) 41(.9 .000
Ankle 4.0(1.3) 3.7(1.1) 444

*p<.05, **p<.01, 1: very uncomfortable, 3: neutral, 5: very comfortable
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Table 8. Subjective sensation of wear comfort when repeatedly walking up and down stairs (N=7)
Level D Level C
Body parts t
Mean (SD) Mean (SD)
Back of head 39(1.1) 3.0(1.2) 1.441
Front of face 3.6 (1.6) 23(.5 2.012%
Neck 3.9(1.5) 3.7(1.6) 174
Shoulder 43(.9) 3.7(.7) 1.244
Arm 4.4 (1.0) 3.7(1.2) 970
Armpit 41(1.2) 3.7(1.4) 617
Wrist 4.1(1.1) 39(1.2) 467
Waist 4.0(1.3) 3.3(1.0) 1.179
Hip 3.9(1.3) 3.1(1.1) 1.100
Crotch 4.0( .8 2.6( .5 3.873
Thigh 3.6(1.3) 27(.9) 1213
Knee 3.6 (1.0) 3.0(1.2) 1.000
Calf 4.3 (1.0 4.1(1.1) 264
Ankle 41( 9 3.4(1.3) 1213
*p<.05, 1: very uncomfortable, 3: neutral, 5: very comfortable
Table 9. Subjective sensation of wear comfort when running (N=7)
Level D Level C
Body parts t
Mean (SD) Mean (SD)
Back of head 3.6 (1.3) 3.6(1.1) .000
Front of face 34(1.5) 3.0(1.4) .548
Neck 33 (1.7) 33(1.7) .000
Shoulder 4.1(1.2) 34(.5 1.424
Arm 3.9(1.5) 3.0( .8) 1.353%
Armpit 4.1(1.2) 2.1(.7) 3.787
Wrist 4.0 (1.0) 3.6 (1.0) 812
Waist 4.1(1.1) 39(1.2) 467
Hip 41(.9) 2.0( .6) 5.303
Crotch 4.0(1.3) 21(.7) 3.357*
Thigh 3.7(1.4) 23( .5 2.582%*
Knee 3.6(1.5) 3.6(1.5) .000
Calf 4.3 (1.0) 4.0 (1.0) 548
Ankle 41(.9) 3.6(1.3) .970

*p<.05, **p<.01, 1: very uncomfortable, 3: neutral, 5: very comfortable

~ 849 -



o
H
Lo
3
Jor
fol
=

Vol. 47 No. 5, 2023

(
—

_?E
> U

¢

47 B2 A
X] OJ-O]—;(]

Elﬁ, Jis
=2

)
o I
o A

=

> %0 rg o oly
ol

o H o
gr{y
2 ol

lo rlo
g

o
o ofh N B % n® 2

w i jo
344—\1_‘1

2
Jo

fEOAD ox

2 o fY 32
m

ox

=
_‘cL_l

FM

<
=

=

>
ikiud
r =l

o

[ 24 e
juk

=)
o rm

for oft
fu rfo

- rE

met
Y,

I s B T S N T« R L T
-

O

O

N

v.d B

2 Aol dA A BEUDEFHCeH A
Al EEE Zﬂﬁoﬂ sl 2|, lﬂﬂol“/‘ %i k&, 7F

£

fr oo @ o
g ® o XN

—L

Jg.lZim

T2 2HE5tH R R S ;LolJ-IOkgvo
s 7tR] Eol&87] &A= 9= o IR ol
F5o] Edsithal FEehelaL, Axt 9o FE= 10
kg &2]7] &A= = o, &, AETF0], &5
A Bttt stglon, AT e 2] FRoA= 4
%‘1‘,4‘_:* doher EHES 3489k 28 g
2o A= &, 97 el, &, drtel7t Edsitte
Aot Co79 7ts=d, AZ=dE, Ads
9| OMEEH FEol=d, drtelEd, £E A
1o] o G52 9F44 cm, 36 cm, 23 cm, 33 cm, 13 cm,

mEHJ" g, dgeolEd, dotel s, F= A9

0

]_

o)lv o, 'IEL
m\' 5“.: g

S o Ho oo Fll‘ i

Q

-850 —

O

()
o

| o]-g-30] Do] ]3]
Sl A of w2 of 8

AR A FH ol
@ﬂizﬁﬂuwwmﬂﬂa
o whopstgitt. wpeba] C5 -
of t-g:5}7] ol 2A kst D
o) ol e WesE TA Dot
1, 52 ] of -8 Ao WBk7EA) B
AR A BE A AL )

s O 1
B2 02 45 A BHFo] o]

=

mlm

ox

A

ﬂll

Z}

ox of >i

H1 4

o

=°|_1_‘,,
-
of
B
]..

G ooX ot O rfr

N
30,
X
_rg

-

L

o

SUomoh g 2 oo bR R

2
e

f
2

w o
)19

[}

DT
i o o

o

%
2

flo ot 2 1l

1o
Iy

[

-

ot

o o
o

O oW Hr T o K e 2 do Jo N 4 Ok ¢H o

Eorlr > 2ol

0
=
)
=

ol
e
Ol
Okt
X
1S
ok
_—1; ol

L

ofr
S

S
oot H

2
1

¢

o 2

o
,
4

bs
R a%)

L

bl Al ol ohFske] 2
20l 29145 915 WA o)
ol s of el 2wl el A Bt
A=) 1217} 9Lk Thil, 2

1oy - -
Fol FUsITha 7178 41 glo]

42t ok ATl A el 2ol B
Ap ey upeba] 25 chE A E T A
FTel A 2 Aol £EE AE
Ao e A B B <)
2 A4 BB RS e as st

e M
41 4

o

P<>1' mz e
_II-E —{) oN

T

>l
> op

fr e

BN xC ot

by
Al

il
&

k=)

uﬁu hu
° o

Hm fr

)

A

)

torlmmiﬂmrmmlw@

&

i:l

}_

ot
e

4
N
om

oM L opE 4@t

o i 2
Lo o O

)

= fr

[*]
< o

1. ApAE
B ATE RS
AL AT 2] 912 wo}
006369).

AHEAH

s

wyo] Rjeloz g
(No. NRF-2022R1A2C2

AR e
2 AT ettt A& ey o Sl
(%2 HF 202205-SB-055-01).

(e}

LISy

Hole % X2 7h8 Y
# ¢lo) AHgE Hlo] gl 58] Y
So| A&u 3 o B2 FA7H 271
270] glo] Axpas 7] Bo] 15}
A3 7V,

o
> ot Il

2

=
=
3

%

N, o

o

-

i)
=
3}
.
-

o
ST
2ol 2
2




DR CSaE MU HS K

30

=, 1d01E Hxt & =0l ®@Jt

4. O[sHTAH &5
A AFYL-2 2023 4476 2 3k o] HA -9 9%
ol Auk, H I of ZdF o shA| grot o] U A S
A7 =

5. 91 7H| x|
B ATE JREh| a5 HEAR)O] Ao ok
A LA e o] 7] 92 Hho} 223 % (No. NRF-2022R 1 A2C2
006369).

6. MXte| 710§
BE AR =AY AL Y-S A Gk, At
EAof 3t =9 & 5% 5. SPLFSP2, YL A g A7
U AY RS, AP A} =9 5 A A AH-E Jd
S, EKSHIKE= Aol a3t A= =3 A9 2l
B oS B, WE AT olE B4 L P72
A& FL ARSI on, AEH o AL

7. 8% M
8BNS Fddista Y Ietd T4, AP AT
gy Sudistn Agastd Ta, HYd 7Y
doe Fdoista o skl ostaa
ZER e o Fay), gighdAy
Olo| &l Zdofietm o7&, g

References

Bang, C., & Kwan, J. (2020). Wearing acceptability of chemi-
cal protective clothing during fire training. Fire Science and
Engineering, 34(3), 110-115. https://doi.org/10.7731/KIFS
E.0d%9¢10a8

Bhattacharjee, S., Joshi, R., Chughtai, A. A., & Macintyre, C.
R. (2019). Graphene modified multifunctional personal
protective clothing. Advanced Materials Interfaces, 6(21),
1900622. https://doi.org/10.1002/admi.201900622

Han, S. A., & Nam, Y. J. (2008). An exploratory study on dome-
stic and international protective clothing standard: Focused
on ISO, ASTM, CEN, KS. Fashion & Textile Research Jour-
nal, 10(1), 92-100.

International Standard. (1998). Protective clothing-general re-
quirements, July 1998 (ISO 13688:1998). International Or-
ganization for Standardization. https://shop.standards.ie/en
-ie/standards/iso-13688-1998-613610_saig_iso_iso_ 14077
38/

Jeon, E., & Moon, J. (2013). Size analysis on disposable pro-
tective coveralls. Journal of the Korean Society of Clothing
and Textiles, 37(5), 655-666. https://doi.org/10.5850/JKSC
T.2013.37.5.655

Kim, H. 1., Choi, I. S., Park, S. W., Han, Y. H., Kim, S. H., Park,
H. B., & Min, M. H. (2019). Preparation of self-detoxifying
textile for removal of chemical warfare agents. Textile Colo-
ration and Finishing, 31(1),33-41. https://doi.org/10.5764/
TCF.2019.31.1.33

Kim, H. S., & Kim, J. H. (2015). Base pattern development of
protective clothing: Focusing on protective clothing for riot
policewomen. Journal of the Korea Fashion and Costume
Design Association, 17(3), 207-224.

Kwon, J. Y., Cho, Y. S., Lee, B. H., Kim, M. S., Jun, Y. M., &
Lee, J. Y. (2022). Validity of a simulated practical perfor-
mance test to evaluate the mobility and physiological bur-
den of COVID-19 healthcare workers wearing personal pro-
tective equipment. Fashion & Textile Research Journal, 25
(4), 655-665. https://doi.org/10.5805/SFT1.2022.24.5.655

Lapkovska, E., Dabolina, L., Silina, L., & Vilumsone, A. (2022).
Development of an ergonomic protective suit for physiothe-
rapists during the COVID-19. Journal of Engineered Fibers
and Fabrics, 17, 1-8. https://doi.org/10.1177/15589250221
091819

Lee, H. (2018). The Development of sizing systems for dispo-
sable protective coveralls considering korean men and wo-
men [Unpublished master's thesis]. Seoul National Univer-
sity.

Loercher, C., Morlock, S., & Schenk, A. (2018). Design of a
motion-oriented size system for optimizing professional
clothing and personal protective equipment. Journal of
Fashion Technology & Textile Engineering, S4:014. https://
doi.org/10.4172/2329-9568.5S4-014

Lim, G. Y., Lee, H. Y., Chun, Y. M., & Lee, J. Y. (2021). Per-
sonal protective equipment for healthcare workers during
the COVID-19 pandemic: Improvement of thermal comfort
and development of a mobility test protocol. The Korean
Society of Community Living Science, 32(3), 363-379.
https://doi.org/10.7856/kjcls.2021.32.3.363

Moon, J., & Jeon, E. (2013). An analysis of Korean anthro-
pometric measurements for the development of a disposable
protective coveralls sizing system. Journal of the Korean
Society of Clothing and Textiles, 37(8), 1117-1129. https://
doi.org/10.5850/JKSCT.2013.37.8.1117

Moon, J., & Jeon, E. (2016). Analysis of pattern shape and types
for non-woven protective coverall on domestic market.
Journal of the Korean Society of Clothing and Textiles, 40
(2),273-286. https://doi.org/10.5850/JKSCT.2016.40.2.273

No, Y. M., Nam, Y. J., Lee, H. R., Kim, T. H., Kim, C. H., &
Shin, S. D. (2018). Fundamental research for the develop-

ment of personal protective equipment for emergency

- 851 —



st=39| 735l 3l Xl Vol. 47 No. 5, 2023

medical technicians. The Korean Journal of Emergency Me- Materials, 9(1), 47-53. https://doi.org/10.31333/kihm.202

dical Services, 22(1), 83-97. https://doi.org/10.14408/KJE 1.9.1.47

MS.2018.22.1.083 Size Korea. (2021). %8} Q/%)x]7=FAfH 17.4] [8th Human
Park, P.K., Jeon, M. K., Choi, S. Y.,,Ro,H. S., Lee, J. S., & Lu, dimension survey]. Korean Agency for Technology and

J. (2021). A study on the viral protective evaluation protocol Standards. https://sizekorea.kr/human-info/meas-report?m

of infective protective suit, Korean Journal of Hazardous easDegree=8

- 852 -





