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Abstract

In this study, we provided foundational data for developing combat uniform patterns for female soldiers by
analyzing anthropometric data of Korean women in their 20s—40s. We utilized the 6th (2010) and 8th (2021) da-
tasets from Size Korea. We conducted a wearing evaluation of fit suitability on participants who met the aver-
age measurements in the 8th dataset. Compared to the 6th dataset, all height items increased in the 8th dataset,
except for hip height. The length, circumference, breadth, and depth items increased, except for bust point
breadth, crotch length, upper arm length, arm length, and vertical trunk circumference. The flatness ratio de-
creased, resulting in a rounder body shape. Additionally, the A body type, characterized by larger hips than the
chest and a slim waist, was more prevalent. During the wearing evaluation, participants reported discomfort in
the shoulder, posterior shoulder, bottom of the jacket, hip, and thigh areas. Therefore, to reflect these changes in
the 8th dataset, wearing evaluation and ease of the current combat uniform patterns for female soldiers should
be adjusted by increasing the bottom, posterior shoulder, and shoulder length of the jacket. Additionally, for the

pants, the hip circumference should be increased.
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~49M4|E Ao 2 skt Set A=A TS 9 2. BN ES
s A= A% 820, 304, 40t = A2 etste] 4
ahi o] vt ak A, AL} W] A 2w B gBe Ao] =30} Q1A A% A} AR
B ERA 9o Tl UL 1T 20~40M2  NYZYA G2 S A6x}e} A8 o] mE wat
AT 2 Aol M 24T 54 A=E 20~49 Hal, ARE dA e Brde] flen, A3y A+(Cha,
A oAl A B2 Ahw B, <Table 1>0] 4] 2023; Kim & Kim, 2022; Kim & Kim, 2023; Kim et al.,
B ale}l Zho], A6} AFo]| ZF o) QA X 5= A 2020; Kim et al., 2022; Lee, 2022b; Nam et al., 2013)&
A= & 11,6757 ©] 9L, 20~ 294 6117(36.5%), 30 Rkt A S #E F 627 S AAst
~ 394 6907 (41.2%), 40~ 494 3747 (22.3%) °] 3} ATk F, ol TR, Aol 1735, 58 2135, |
oh AR AolZTelol AMASZAL AAE B 638, 0 63, 7|eh 19423} A Y WS Tote}
1,807 2.2, 20~ 294 576 (31.9%), 30 ~ 394 654 7] 913} Q1A A 42 2] 4T 0 7 LA EFG 0 LA A
H(36.2%), 40 ~49A4] 577(31.9%) 2.2 LA = A T} o] 32O <Table 2>2} Zt}.
* Anthropometric dataset of Korean women in their 20s - 40s » Combat uniforms and patterns of female soldiers
from the 6th (2010) and 8th (2021) Size Korea surveys in the Army
* Height, length, circumference, breadth, and depth items * Body weight, BMI, drop and low drop, and flatness ratio

 The ease of the combat uniform compared to
the average size in the Size Korea survey

« Fit suitability evaluation through wearing tests ~ * Mollison’s comparison graph

A 4

Combat uniform patterns suggestions for female soldiers,

considering anthropometric changes and fit evaluations in Korean women

Fig. 1. Overview of the research.

Table 1. Age distribution of research subjects N (%)
Age groups 6th Size Korea subjects 8th Size Korea subjects
20~29 years 611 (36.5%) 576 (31.9%)
30~39 years 690 (41.2%) 654 (36.2%)
40~49 years 374 (22.3%) 577 (31.9%)
Total 1,675 (100.0%) 1,807 (100.0%)
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Table 2. Analysis items

Classification Measurement items N

Height Stature, Cervical H., Acromion H., Waist H., Hip H., Knee H., Crotch H. 7
Shoulder L., Biacromion L., Posterior shoulder L., Interscye (back), Interscye (front), Bust point breadth,

Length Back neck point to axillary level at midspine, Neck shoulder point to breast point, Neck point to breast 17

point to waistline, Waist front L., Upperarm L., Arm L., Waist to hip L., Outside leg L., Torso height,
Waist front L. (omphalion), Cervical to waist L.

Circumference

Neck C., Neck base C., Chest C., Bust C., Underbust C., Waist C., Waist C. (omphalion), Abdominal C.,
Hip C., Hip extension C., Vertical trunk C., Thigh C., Midthigh C., Knee C., Calf C., Minimum leg C., 21
Ankle C., Armscye C., Upper arm C. (flexed), Elbow C. (elbow bent), Wrist C.

Breadth Chest B., Bust B., Waist B., Waist B. (omphalion), Hip B., Lateral shoulder B. 6
Depth Armscye D., Chest D., Bust D., Waist D., Waist D. (omphalion), Hip D. 6
Etc. Body weight 1
Body index BMI, Drop, Lower drop, Flatness ratio 4

Total 62

H.: height, L.: length, C.: circumference, B.: breadth, D.: depth
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gi
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ste}e BMI=E-2A/A147x100, =E= o5 Folop, 44 A el 53 ol A sich)= Pt
Whsse, e g-ggolsu oS, BHE  stlon, AFE EAGHA 3 2R YIS £

=
JulEAR A 428 A s, == 5ol
Bt

1) 3 A8 QA X 5 B atgrol sk v @4 ), 77 2] 7} Aol o) 27 G5 Wt
£ ogoR AAG HAFH ALY 85-164-W, 31 FHL A3 U3 FH GHF A5 Aot 2 F
75-164-W 23 & Al &g T A2 ol gt = 52 He| o BAUAEAAS ol AR 2
# 2re] YrhE AAlskeh A @AY Pt A A 2|9 A A= Mi-m)/o Ao oA st 513
+ 7] 160.1cm, 57| 56.8kg, 7H5-= 2l 86.3cm, 217} th. o] 7] A, Mi= Hlal ek @2h) 9] Hat A, m 7|&
=7l 87.8cm, 5 2] =d) 74.5cm, Y o] E 95.7cm, HH62hH S BatA], o= 71 AP 2EHUAE 9
Table 3. Items for fit suitability evaluation
Combat uniform No. Evaluation items No. Evaluation items
1 Neck circumference 6 Front across
2 Chest circumference 7 Back across
Jacket 3 Bust circumference 8 Shoulder point to point
4 Waist circumference 9 Sleeve length
5 Hem circumference 10 Elbow location
1 Total length 4 Thigh circumference
Pants 2 Waist circumference 5 Knee circumference
3 Hip circumference 6 Crotch
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Table 4. t-test results of height items according to measurement year (unit: cm)

Measurement items e Mean (SD) - difl\fg:zce t-value
Stature 159.2 (5.3) 161.3 (5.1) 2.1 -11.822™"
Cervical H. 134.6 (4.9) 136.5 (4.8) 1.9 -11.418™
Acromion H. 127.9 (4.7) 130.6 (4.7) 2.7 -16.420™
Waist H. 96.3 (4.0) 98.1 (3.9) 1.8 -13.725™

Hip H. 78.4 (3.8) 77.9 (3.6) 0.5 3.939™

Knee H. 409 (2.2) 41.4 (2.0 0.5 -6.016™
Crotch H. 71.7 (3.6) 72.6 (3.4) 0.9 -8.360™"

""p<.001, H.: height
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Table 5. t-test results of length items according to measurement year (unit: cm)
Measurement items e Mean (SD) i difhf{iizgce t-value
Shoulder L. 11.9(1.3) 13.4(1.0) 1.5 -36.658""
Biacromion L. 38.9(2.2) 40.1 (2.2) 1.2 -15.593""
Posterior shoulder L. 37.2(2.6) 38.7(2.1) 1.5 -18.448™"
Interscye (back) 36.3 (2.4) 37.1(2.1) 0.8 -10.501""
Interscye (front) 31.7 (2.0) 32.4(1.8) 0.7 -10.172™
Bust point breadth 17.8 (1.5) 15.5(1.8) 23 39.988™"
Back neck point to axillary level at midspine 16.4 (1.7) 17.7 (1.4) 1.3 -23.324™
Neck shoulder point to breast point 26.1 (2.2) 26.6 (2.4) 0.5 -6.602"""
Neck point to breast point to waistline 423 (2.3) 43.0 (2.3) 0.7 -9.890™"
Waist front L. 34.5(1.9) 35.8(2.2) 13 -18.859™"
Upperarm L. 31.4(1.7) 30.5 (1.4) -0.9 15958
ArmL. 53.8 (2.4) 53.3(2.4) -0.5 6.005™"
Waist to hip L. 18.6 (2.1) 21.0 (1.7) 2.4 -37.320™"
Outside leg L. 97.9 (4.3) 99.6 (4.0) 1.7 -11.769""
Torso height 63.9 (2.6) 63.9 (2.8) 0.0 0.344
Waist front L. (omphalion) 38.3(2.1) 40.6 (2.7) 23 -28.462""
Cervical to waist L. 50.7 (2.3) 50.7 (2.5) 0.0 0.454
"p<.001, L. length
so A BEY, B, 7t5 5, Fhsot S, o) A -2l u]gk zto] 7} Lhebd- oF 5= Qieh &, 7Hs
sl =8, i d=d, iEwd, d3dol=d, H Yu|, 2754 ], § Y], wjFaeEs g uy], 9w
7YYol Aok Ed, Ao s, o], AEZFA, 7t&FA, A7tE5FA, 3eF

FEEE, AuAEd, Forl ey, dEAdE
g, A=gEd, AEEd@ e, ZuAEdE e
D7F AR, FEHZEH(0.9em) Rt ZFolH . 53],
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O 2 AR e & AT 53], ABA A A
o g5 T ArtgEde A 2oldA 7is=E7t
AR7] W2l o] AR oNA ZA17F gleA Zele 2
87F Qleh 3L 7120] B " olEd 7t A Aok 5t
A= HESf o gt

4. Uy £ g2
A67 ok A8 Q1A A 42 AF F 1 H] G2} 5

7 3, 7| e ah 0] Q1R X|4: 24| A7, <Table 7>
A Bz uhe} Zo] of Aol U u] S A 9] BLE g

A, Wil 2 7, GE ol FA, AT AN A
o= Upehgth BoimTh wjB4Z5 2] v)(2.2em)
o ol 77 (2.7cm)7} oF 2.0em o AR L, FYd
o] qH|(1.2cm), 3] 2]F7(1.2cm), Hi&F53] 2 =7
(1.2cm), 7F&F7(1.3cm) = 9F 1.0cm o)A ARt} =
A o] weish 2 AL 49 iAol AR Bea
o, W o] A F Wk o}, S 0| Bg = T afof
sok geH(Kim etal., 2017 2] 2. 2| x| 5h A el
oA el ot - F EH E=51 o - F dFol=E
i ol f-offfoF 2 o w|gtct.

d

5. 7|EL &5

Al6}et 283 2] QAR A 4241 % 7] e &2 A
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Table 6. t-test results of circumference items according to measurement year (unit: cm)
; Mean (SD) Mean

Measurement items 6th 8th di Pference t-value
Neck C. 31.8(1.7) 32.2(2.0) 0.4 -4.902™"

Neck base C. 38.6 (2.1) 38.7(2.9) 0.1 5447
Chest C. 85.2(5.4) 88.1 (6.7) 29 -14.167™"

Bust C. 85.8 (6.9) 86.1 (8.1) 0.3 -1.529
Underbust C. 74.9 (5.5) 75.8 (6.9) 0.9 -4.493™
Waist C. 73.6 (7.4) 75.5(8.7) 1.9 -6.979""
Waist C. (omphalion) 77.9 (7.2) 81.3(8.9) 3.4 -12.460™"
Abdominal C. 83.8(7.3) 85.2 (8.6) 1.4 -5.343"™"
Hip C. 92.3 (4.9) 94.6 (6.5) 23 -11.493™"

Hip extension C. 95.2 (5.1) 96.5 (6.7) 13 -6.584™"
Vertical trunk C. 150.7 (5.8) 149.8 (6.9) -0.9 4.195™
Thigh C. 55.1 (3.9) 56.5(5.2) 1.4 -9.409"™
Midthigh C. 48.5(3.7) 492 (4.7) 0.7 4913
Knee C. 34.8 (2.0) 35.6 (2.5) 0.8 -10.723™

Calf C. 34.6 (2.4) 354 (2.8) 0.8 -9.345™"
Minimum leg C. 20.7 (1.2) 20.9 (1.4) 0.2 37127
Ankle C. 23.2(1.1) 23.5(1.2) 0.3 -8.315™
Armscye C. 37.9 (2.7) 38.2(3.0) 0.3 -2.992"
Upper arm C. (flexed) 26.3 (2.6) 27.0 (3.1) 0.7 -6.759""
Elbow C. (elbow bent) 25.2(1.8) 25.4(1.9) 0.2 -3.513™

Wrist C. 14.9 (0.8) 14.9(0.9) 0.0 -0.502

""p<.001, C.: circumference

Table 7. t-test results of breadth, depth items according to measurement year (unit: cm)
Mean (SD
Measurement items (D) .Mean t-value
6th 8th difference
Chest B. 27.6 (1.8) 27.8 (1.7) 0.2 -3.690""
Bust B. 26.9 (1.7) 27.6 (2.1) 0.7 -10.733™
Waist B. 25.3(2.3) 26.2 (2.6) 0.9 -10.745™"
Breadth s
Waist B. (omphalion) 27.3(2.3) 29.5 (2.8) 22 -24.852
Hip B. 32.4(1.6) 33.6 (2.0) 1.2 -20.005™"
Lateral shoulder B. 35.4(1.8) 354 (1.7) 0.0 -0.032
Armscye D. 9.8 (1.3) 10.9 (1.4) 1.1 233117
Chest D. 18.3 (1.7) 19.6 (2.3) 13 -18.834™"
Bust D. 213 (2.4) 21.9 (2.8) 0.6 -6.758"""
Depth ) s
Waist D. 18.0 (2.4) 19.2 (3.0) 12 -12.504
Waist D. (omphalion) 18.5(2.3) 19.7 (3.0) 12 -13.163™"
Hip D. 21.4(1.9) 24.1 (2.7) 2.7 -33.408™"

*

“p<.001, B.: breadth, D.: depth
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Table 8. t-test results of etc. items according to measurement year (unit: cm)
Measurement items e Mean (SD) i digfdéi:gce t-value
Body weight (kg) 55.2(7.3) 57.9(9.7) 2.7 9.251""
BMI 21.7 (2.6) 22.3(3.5) 0.6 -5.445™"
Body Chest B./Chest D. 1.52(0.1) 1.43(0.1) -0.09 18.918™
index Flf;gzss Waist B./Waist D. 1.42(0.1) 1.38(0.1) 20.04 92427
Hip B./Hip D. 1.52(0.1) 1.41 (0.1) -0.11 29.839"""
"p<.001
7], g go] Ko n zlold T A& 0 2 Wslslal 27} 7h= Aol 242 37.9%, 41.6% = 71 =2 H]
Aee &4 A &2 A sk
A AR RS 917 ol Ee 2EE o

Aol % vhehul EE T} 5A AF FEE 95 9]
=} sl el = AbolE yEhd stEF ¥g) Fol=
<Fig. 2>9} 79t} Korean Standards & Certification
(2019)0]] AXE A7E ERWE A= =50l 9~
2lcmo|H AR P (7ol &4 FF o7t E A F), 3~
9emo]H NA| G (HF A %), -14~3cmo|H HA| F (7}
o] 21 YRol7h 2L A1), sl =gl 14~
22cmo|¥ HF AF, 22~38cmo]H 3 2|7} 7h= A|
%, -4~ L4emo| ¥l 5]2)7} 3+-& AW 0.2 BRal,
A 2] A, A6t AA A = Hg A 2 NA o]
456% 2 TP S HIEE Mol A0 LEGO
L, A8t QIA| A 4= 7ol AaL Yol 7t 2 Al
1 AA| B (47.8%)0] 7Hd =2 RI=E AR 8k ATt 3F
A 2] 75, A6xF QUA| ] 4=2F AI8AF Q1A 2] 4= B+

|

o

(%)

6. o] It

o AR 28 5 = 2.9)0] o3
AAAAA], B o 52 R A, 0o o
© ZA) o) WE 2|22 HFH W7} A= <Table 9>9}
ok ARA A A ALY WEHEE 2.57) BHEe

A eA o] W2 Ao et TR e £ &
& R ZA AL oY B|(2.54), I o] =

2.0%), GrhelEa2.0%), 2 AA el AL el
El20%), Yrkel Ed2.0%) W= o) A4 A7 A o]
shalgt 4 Qloith Tk, o 2 AEH 2

i

o

=]

B
o o] o7, FE, Fo ek, ol HE
QoA BHFS w7 28 Blatqdrt. o] = %

100
216 14.5
80 37.9
60 H type = Slim waist type
=N type m Average type
40 H A type u Thick waist type
20
0
6th

Drop

Lower drop

Fig. 2. Body type distribution by drop and lower drop.
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Table 9. Evaluation results for fit suitability

Posture Combat uniforms Evaluation items Mean (SD) Evaluation items Mean (SD)
Neck cir. 3520 Front across 4.5(0.7)
Chest cir. 4.5(0.7) Back across 4.5(0.7)
Jacket Bust cir. 4.5(0.7) Shoulder point to point 3.5(0.7)
Standing Waist cir. 4.5(0.7) Sleeve length 4.0 (0.0)
straight Hem cir. 2.5(0.7) Elbow location 45(0.7)
Total length 4.5(0.7) Thigh cir. 4.0 (0.0)
Pants Waist cir. 4.5(0.7) Knee cir. 4.5(0.7)
Hip cir. 3.0(0.0) Crotch 3.5(0.7)
Neck cir. 4.5(0.7) Front across 4.5(0.7)
Chest cir. 4.5(0.7) Back across 4.5(0.7)
Jacket Bust cir. 4.5(0.7) Shoulder point to point 2.5(0.7)
Bending Waist cir. 4.5(0.7) Sleeve length 3.0(1.4)
elbows and
knees Hem cir. 4.0 (0.0) Elbow location 3.0(1.4)
Total length 4.5(0.7) Thigh cir. 2.0 (0.0)
Pants Waist cir. 4.5(0.7) Knee cir. 4.0 (0.0)
Hip cir. 2.0 (0.0) Crotch 3.5(0.7)
Neck cir. 4.5(0.7) Front across 3.5@2.0)
Chest cir. 4.5(0.7) Back across 4.5(0.7)
Jacket Bust cir. 4.5(0.7) Shoulder point to point 3.0(1.4)
Waist cir. 4.5(0.7) Sleeve length 3.0(1.4)
Sitting
Hem cir. 4.0 (0.0) Elbow location 4.0 (0.0)
Total length 4.5(0.7) Thigh cir. 2.0 (0.0)
Pants Waist cir. 4.5(0.7) Knee cir. 4.0 (0.0)
Hip cir. 2.0 (0.0) Crotch 3.5(0.7)

cir.: circumference

Jacket

1
i

Front Bac

Fig. 3. Areas of discomfort when wearing a combat uniforms.
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FHIA Bl w2 HaE Wkd FEI AL o213t 2ko] 7t Ante] Q1S uhefst] 913 A6
g A7k Aok A2} QA 2] 4= 2] G F- 2F 2.0em o] ko] 7}

oh3 0 2 A8} Q1A X 52 2] Bk 7HA 9 @A) o= 1630l T sl Al6A} A 2] 4= 7] 2= o u] |84}
7}7d2] 85-164-W} 512 75-164-W Apo] =9 A F 15 QARG wehEg wejze] FAHAEdoR
& AA| Zo] gk 252 <Table 10>3} Zhgbet. WA, 4 <Fig. 4>l =A|5}GIE}. 7], 5ol o /lzol, 52
IS A L, s A e] x| grofl A A7 = A =0, o], oA 7S o), el el, okl 7}
e AA Y B o, e Wik FEo] A% o] Hdol, MlrEears el e, s e,
A3z, o7, 7k F9l= sk, 7 sl Rel= sl Ed, dolEd, vEeEs ey,
=FEl A=A &S AUtk ZEAG TS GOl ] 157 52 A6} T u] A|82}o]| A] %7}
FRA A A= A4, FE A Fpjof A AR o] 5 SHAAL, R A| Aol g= o) 1] 52 A|8Afo A
Fol WAL, AAA| e} v A 2= kAl Wi Ao A0 2 et $EA, 2] 7l A = st
ol Wojg on, Abo] Wk A 7h Y ARA| Kt 9 oha AFE AR oA, FF, o] Wik g ol o
2 &7k A& RIS Ao 2 ok AA| F9= ol7hdel, o7kl 7HEEdl, dE ol
ol A= Akl o] kAl ol 2l = 7 kg f1A] ol A dl, dRF ol FEI Aol A& & 5 T &
F0.5em Zep7kaL, 3l 2l = 7 7S A YA ollA oF 3], ol 7 o2k Y ol A = A6 o] - HA} 2

7.0cm W2zt om, g o] F-917F Y& 2Helshal
ok Wezk FHel e sl Aol osl 7H A EAH

ot 1.065 = 57F F& HoF ek
FHE, @A o A FHo] AI8A} F 1 AA A4 o

RS EE)

o] glo] Kol x|k, 26| 7} Al B o] Akl A+ H] dupt} of o] Ql=A] (HFEE A =-AI8A} 1A
shoich 2| 4=) Al4tsto] <Table 11> Yet ¢ict s e A7)
Table 10. Wearing combat uniforms appearance based on the 8th Size Korea anthropometric data according to
posture
Posture Standing straight Bending elbows and knees Sitting
Front
Back
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Fig. 4. Mollison’s comparison graph of the 6th and 8th human body dimensions shows a difference of about

2.0cm.

Table 11. Calculation of ease based on the difference between 8th Size Korea anthropometric data and combat

uniform dimensions (unit: cm)
Items 8th Size Korea Combat uniforms Ease
Neck base C. 38.7 40.8 2.1
Chest C. 88.1 94.6 6.5
Waist C. 75.5 90.6 15.1
Jacket Shoulder L. 134 13.0 -0.4
(85-164-W) Side neck H. - Acromion H. 5.4 3.6 -1.8
Cervical H. - Waist H. 384 39.5 1.1
Posterior shoulder L. 38.7 394 0.7
Interscye (back) 37.1 35.4 -2.0
78.8 (relaxed) 33
Waist C. 75.5
Pants 86.3 (extended) 10.8
(75-164-W) Hip C. 94.6 99.5 49
Crotch H. 72.6 73.0 0.4

C.: circumference, L.: length, H.: height
There were no direct measurements of side neck height, 3D measurements were used.
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