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Evaluation of Pressure, Subjective Wearing Comfort and Design Preference
of Brassiere Shoulder Strap Models

Soyoung Park, Kyunghi Hong, and Yejin Lee'

Dept. of Clothing and Textiles, Chungnam National University, Daejeon, Korea

Abstract: This study analyzed the pressure, subjective wearing comfort, and design preference of brassiere shoulder
straps among women in their 20s and 40s. Experimental clothing was made by different shoulder strap designs on a bras-
siere. In the four designs (A-D), the front attachment points of the shoulder straps were the same, but the back attach-
ment points were different. Three of them (E, E1, E2) were of a halter neck design, with different front attachment
positions. The pressures of A-D were measured at the position passing through the shoulder line (P1), and E-E2 was mea-
sured at the back neck (P2) as well as at P1. Subjective wearing comfort and design preference were rated on a 7-point
Likert scale. A was determined to exert the highest pressure at the neck side of the design in the pressure measurement
analysis of A-E2, whereas E1 exerted the lowest. E was measured to have the highest pressure among the E-E2 designs,
whereas E2 had the lowest. Participants preferred A the most and E the least in regards to the subjective wearing comfort
of A-E. Thus, participants deem A to be the most comfortable despite the high strap pressure. However, E was the most
favored design, despite its poor wearing comfort. Participants’ subjective impressions of E-E2 were that E2 was the most
uncomfortable, but its design was the most preferred. Consumers’ design preferences and subjective impressions of wear-

ing comfort did not match.
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argsto] Q1A|e] Aejsha] Edol Hgtek Haf
2015 AASHA H(Lee, 2013b), HAH= ¥ Hefjxjo] 2§ ghy
Aleh el Ao At A= o]FR| I YoM (Kim et al,
2009), 40th o344S tidoz 331 AR 5L o8
AL 2eig Beix|o] sfele] Al (Cho & Kim, 2008).
i, HeRje] 28 Aejol Ate]= A|Alo] AHbE AFE
200 AHAYES o= VI 3Tt Alel=2E XAl B
Ao} Fujet 28 HelE EAsHAH(Pan et al., 2009), 715
FraEd HejRlo] SRS sdstar 214 AA ARl A At
S ATHPark & Lim, 2002). ©12Jel Yi and Ryou(2001y=
AthE tFe® BN At A F9d v e 2
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Ne7 e a1, Kwen(2014)S AP 44 =70l w2
Hajxlo] g gEwl /A @ T E voksle] Y BAy <
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Table 1. Seven types of brassiere designs for experiment
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Table 2. Body size measurements of eight participants
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Subject Age Height Bust circumference Chest circumference
1 43 years 158.0 cm 80.0 cm 82.0 cm
2 30 years 159.0 cm 79.1 cm 81.2 cm
3 31 years 160.0 cm 83.3 cm 84.0 cm
4 23 years 162.6 cm 89.0 cm 86.3 cm
5 23 years 163.0 cm 89.0 cm 83.0 cm
6 27 years 162.0 cm 86.2 cm 83.5 cm
7 30 years 165.0 cm 82.0 cm 80.0 cm
8 40 years 164.0 cm 83.0 cm 82.0 cm
MESD 30.9+6.8 years 161.7£2.3 cm 84.0+£3.5 cm 82.4+1.8 cm
Size Korea 20~40s 160.4+5.2 cm 85.8£7.6 cm 85.9+6.0 cm

Lateral n S

Shoulder line

Acromion

(a) Measurement points and values of A-D

Cervicale .
Lateral neck \

(b) Measurement points and values of E-E2

Fig. 1. Measurement points of pressure and distance according to brassiere designs.

o7l YRR Table 1914 Hi= vie} 7o) A-E 55 9
dAxe] T oP"iB‘r =, ofAde] o5 EAd Fs JAS
o] BefRjoje] Azt vhiks H(ayS ARSIt 2Eu
A F ZeAlE 2jle] @ek vhibs () A), AR
Sem FFA FO 2 o]Fd F(b; B), A9 95 vlE Z4(cross
a’; O), B F9-& vl H(cross b’; D), o7ES Hol 4
8 B v=A sl g, A 25 vkl E‘:
FEFOR ES} o] ol AAA|AL gFe] o] Fatwe 9]
£ t2A tzRISKIth EI a fIA[lA] 94 £02 9.0cm
ol 5% A, E2= dAAS ARSISiTh I Ak= A 7AE Aol
Z=32]o}(Korean Agency for Technology and Standards [KA-
TS], 20154 Algshe 20~40012] o34 Het ARIZF): 160.4
£5.2cm, A75E: 85.8+7.6cm, 7KEEE]: 85.9£6.0cm)E 7|+
o= ol Ysle gHS R AFel FAr T AEA
o] A4+ HEE Table 29k Zth. 22]3 B Aol tisir= A
a2 993 Aol IRB(201807-SB-101-01) 5218 Wit}
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2 2182°C, T 50£5%)2
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2 T 2087k QP8-S ek 2elx A

& HjRole] A EHE uiArT)7] 218 iAol (Keed-
well & Dénes, 2015)2 2835} 759 A58 Hx|oE 2}
SIEE S Ao e e BHRolE 243 Iy
A= HFE] AM9de AAHE FHSHA oh, 1327F o2 o
< A3 39 vhEsle] 289 & Hpks A,
48 =4 == AMI3037-2(AMI Techno, Co, Ltd., Japan)©]
Atk A~D TARIE o7 9 278 SR Fig. 1(@elA 2
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Ake ZP1RIGh B3, HAele] the 3%e] e tiag)
(B-E2) 948 24 $IA)= oAl ophize] Auizke 9]

(P ol B ol ool ks $13P2eIME
=439k,

A oe] Aurkz f1A1el tisl A~DE 55 o7l
AEE o7E ARI7EA]] do|(BSL)YE S48 (Fig. 1(a),
E~E2:= BSL¥ dE0] EHX 5A94E 71508 1 o=
FEje] 747} o) A2 (#BC, tBL)E &4 3 thFig. 1(b)).
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2.4. Xgxe|
A% A3} golHE —.—/ﬂs} 1 €18l IBM SPSS Statistics 24.0

£ olgsle] Hagd EEHAE AEEon, 75 AR
7k zlolE 17| Q8] LA EAHEA (ANOVAYRY AME 5
(Duncanyg AABIATE Fo7EL p<052 oA 758 4
=3t
3 #n U =9
3.1. M3 =ajx|ojof [mE o2 A2
oA AFsIGEe] HzRInG T2 of7)Ee] Aol= Al7x}

Afolzzaeote] it Atelzol dgehe lthellr o7zl A

o8 ZA3lal, AR AFE] 7%E @%6?04 S48, ofuf
283 AL 7154 UL o8] A9 AR 7-8%E

F4 A8shs Alo] HHsiar @ *ﬂﬁw% 38} (Jeong,
2006; Kim & Hong, 2012) 78 3}3At}.

AHNEE AT SAlle HF=ofolx Bl AMEE CDP
(Cation Dyable Polyester) 77%, Z2]%-2E 23%%2 ZAHE ~E

0.93)°1 23l 7% FAE Akslal, ¢ Adolel| 1
HE&E 283l 8l 488 AE3Th taRle me 7}

Fa Ag

zte] Z4% o7l Zole Table 39 YeRAATH A7F 71 o7l
o] Zokal, Elo] 7P of7fiEe] At

3.2. EHE =Hejfx[o{of| [ME o 2|
A Helxlole] o7l Taiklel] mie} ool A dell A
oftfel] fIAIsk=AIE w43 Ao 5 oPiHe VIEoE v

Table 401 YERNSITE. AE 3.3+02cm, BE 4.3+02cm, C=
5.4402cm, D= 7.040.4cm, E= 11.120.5cm, E1=> 10.8+0.5cm,
E2= 12.2+03cmAt}. oW TP of7) B ol 11.8+
0.8cmAT}. o719 Sk $IX|= A, §H XN v =
A7) FAAE AL Wk AL € 4 ULk WA,
A%} BE HH & F x| H o7iZe] ¥ FAEKCE 7Y
A5E 2o 2 o)F3I9aL, A% C & B9 DolA Be u)
o} o] F orfj¥re] 91X)7} Zole XFEE WAt E[H o7
o] HEo = ol FHUt.

g EE TRl E~E2 9ell= FUH R HE8e o
E1E 71502 ot 91X oFZ] Z743}e] Table 501 4]
slth AEHE 71FEeR g 9% (BCH 34 3% TRkl &
T AEHRG Qo A9t &, E= 1.240.6cm, EI-> 0.8+03
cm, B2 2.0£0.4cmoll $IXISI3TE E27) 78 $lol YISk
™ Elo] 7P WA Xt dEHS 7o R g HX](BL)
M= E9F Bt FEHRL EFOR o|F o $li16}°if4 z}
Z} B 0.7£0.3cm, E2& 1.120.1cmoll 91813} =, €9
75 o ofpzo] EAlF| TIASE B o R Hol g2}

7P ef7llEe] AurtaL it

2] Ao 2 ZiegertdH(1988)l 2la] AAE-S =43 Az} 3.2. ME& =aiX|o{of mE o2 o

7P W 9.8%3ATh e AEIEFAE: 1 - 0.07(7%) = op7lize] tiARlel M ¥ =4 A= Table 60l g2t
093, F2&S A7 o7E Aol sd| e o7l Zolx Atk WA Fig. 1(2)9] oS A ks f1A1elx ] b (P1)=
Table 3. Original shoulder strap length on the manikin and reduced strap length (Unit: cm)

A B C D E El E2

Original shoulder strap length on the manikin 35.0 38.0 45.0 42.0 50.0 56.0 51.0

Strap length after applying reduction rate 32.6 353 41.9 39.1 46.5 52.1 474
Table 4. Distance between acromion and shoulder strap on shoulder line (BSL) (Unit: cm)

A B C D E El E2 Shoulder length of subjects
M 33 43 54 7.0 11.1 10.8 12.2 11.8
SD 0.2 0.2 0.2 0.4 0.5 0.5 0.3 0.8
Table 5. Distance from reference point of halter neck designs (BC and BL) (Unit: cm)
Reference point E El E2
Cervicale Lateral neck Cervicale Lateral neck Cervicale Lateral neck
M 1.2 0.7 0.8 0.0 2.0 1.1
SD 0.6 0.3 0.3 0.0 0.4 0.1




A: 240 kPa® 73 =93, El: 1.08 kPag 7P wgkon, 4
HE 7ke] Fofu|gt 2lol7t UAThHp=.000%**). =, A7} 7FE =
R, El0] 714 Btk A9 BE o7 tiR01e] ) Hoko]
AP XFolt FEHF TIARI(C, DL} ojEste] &2 73
Fe BV, 53] A= o5 AH MU 2kPa(lee et al,
2013)Ec} =4tk WA EE TIARIE, El, B2y gEo] w2
ZA3FS BT} Table 794 RE ule} o] TizQl A9} BE
2745 of7ize] IAI7F AZely AzRZe] YAZ W & A
B3, TRl C, D, E, El, B2 o/le] A7t s 202
=50 afFaixint. wEbA TRl A9t B7} FE o R OByt
o] A veRd Ao=Z A7k meEtA QIA9] o= B9E A
YA gEzks Aske 503 aR1de & Adirh ¢
LR o] AL A AFeM e A TRRIe] thE Tzt
1ol Hlaf SJESte] =it

thee g ZEM TRl E, El, E22] H& 249 ¢t
FP2) =4 A3, E(1.51kPa) > EI1(1.30kPa) > E2(0.99kPa)°]
A, ESF E204] gk xjo]7} WFERITH(Table 8). EF El
9] 739 opfEo] FE wiol 77ke- X371 wiwel 4
o] B A SHEAL, v E29) A% =" 7P Bol ¥
o7l $IAZ §tFo] 7P WAl vt A o2 wekE), wesk
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7o R ZHa 27 Booa 243 ok gk x}jo|(P2-
P)YE ARst] Table 9ol WEb AfollM e Fom|gh 2po]7}
et B3 Bl FEA -9l ¢ho] wev Wbl B2

B4 Bl o] B B8 & 4 UATHp=007%)

3.3 MEE HaliX|o| ME FAUXN M=
5890 BjR|o] o] FHHoF wrl= AE7 tRl A
358] AFR= Table 100 FEaieh. WA 283 A= AS
7P AEI(547), B B8 1A B9} Eelo] BHAs
o HrletAch2 1d). A Tkl B, C, D 45802
A%} A5 Aerb fARRS & A3tk o JHHx]—Er*J—Er*#QJ
AR 9] AoM= A, B, C, DS} EA g0l UHAA=
< FRIBIA, BAZCE Folmgt xlol7t AATHp=.000%**).
WA 5Eo] AgE Beix]ojo] disl tzR] s A% 4
s 7Fg AEE9a, DR.67)S] AEwr) 7}
= Z.‘%?.&f% R IAR AR A7) A M= ERF

aE°] WA= e 1T 4 AdTh
39 ZHY URRIE 7H(E, El, E2) 873 TRl A5
T A3E Table 113 72Uc) 287 A3l= Elo] 64802
7V At SEE, B 24802 BHd Zlo ' el

p

¢

Table 6. Pressure of experimental brassiere on shoulder strap at lateral neck area (P1) (Unit: kPa)
A B C D E El E2 F p
M 2.40° 1.95° 1.58™ 1.53%¢ 133" 1.08* 136"
9.156 000
SD 0.63 0.37 0.42 0.40 0.39 0.25 0.33
a<b<c<d, ***p<.001
Table 7. Seven types of brassiere design on human body
A B C D E
- —— o0 ~~e R o .
Back g ; / / | | | |
= J lﬂ1 M e e ey

Table 8. Pressure of experimental brassiere on shoulder strap at cervicale area (P2) (Unit: kPa)
E El E2 F P
M 1.51° 130" 0.99°
4.152 .03*
SD 0.32 0.45 0.30
a<b, *p<.05
Table 9. Pressure difference between cervicale and lateral neck area (P2-P1) (Unit: kPa)
E El E2 F P
M 0.18° 021° -0.37"
6.336 .007**
SD 0.35 0.46 0.27

a<b, **p<01
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Table 10. Subjective evaluation of wearing comfort and design preference about A, B, C, D, and E

A B C D E F P
] M 54° 45° 49° 5.1° 2.1°
Wearing comfort 7.250 .000%**
SD 14 1.6 1.2 1.5 1.1
M 3.8" 28" 29° 26" 56"
Design Preference 6.151 001 **
SD 1.6 1.5 1.6 1.2 1.3

a<b, **p<01, ***»<001

Table 11. Subjective evaluation of wearing comfort and design preference about E, El, and E2

E El E2 F P)
M 48 6.4° 24

Wearing comfort 35318 .000%**
SD 1.2 0.7 0.9
] M 44° 14° 6.3°

Design preference 21.500 .000%**
SD 1.9 1.1 1.4

a<b<c, ***p<.001

Table 12. Subjective evaluation pressure sensation cervicale and lateral neck area

E B2 F p
M 1.5° 40°

Cervicale 8.313 .002%**
SD 0.9 14
M 3.4% 44°

Lateral 4.391 .026*
SD 1.1 1.7

a<b, *p<.05, **p<.001

won, BAHORE foulgt Xjo|7t YERETHp=.000%**). =L
Ut AEE AFele Bt 633802 7P AEsle
AoZ UeRtom, E1(144)S 7P A3l o= Aow &
AR frefm|gh 2pol7h UEbtTthp=.000%+*). =, 28713}
gzl Aswe] Azke wiE 2g7to] 7pd 4] S Zlo]
TR AEert 7P B9t 2B AERr) 98 TRt
19 AF AE&-S Eol7] SsiiE S AT Aol
do3re & & AdTh
Fo4 bt B4 A7 Table 12004 B ujo}l 7ho] &
HH FRlolA e hae Bt 15822 71 qhaktol
e AoE ey, E2E 40802 o] A3 oz et
shom, AFE 7] FAH R [oadrh(p=.002*). 3, &
QAAA =7 kel A¥k= Elo] 21302 halzt
T 202 YEgy, B2 44502 duldom Qo]
Ak 202 vt B9AE FHH0R Wl el A
o] Hol7t whon, BAHSEE gt XolE HAT(p=
026%).
THH R oize] Arks AXolM e d=} 4 =
72 ARl AEEE 9 Fig 29} 391 YERNRIE Fig. 2
A B uke} o] A} Be {FHo] mohe FaA 2gqto)
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Brassiere strap design

= Wearing comfort = Design preference = Clothing pressure(P1)

Fig. 2. Clothing pressure, wearing comfort, and design preference from designs A to E.
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Fig. 3. Clothing pressure, wearing comfort, and design preference from designs E to E2.
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Zsi90).

A, BEjRole] o 91x]of] whE A Felelxe] ¢F
2 A4S A Aol o el 7P 7irte] f1x]%k
A7} o7HE QF(2.40kPay EokOVY, FHA 2Hg4E A wr)
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