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Abstract

We investigated the effects of washing on the mechanical properties and hand values of spandex/cotton and
cotton single jersey fabrics. These knitted fabrics were subjected to 30 laundering cycles with a drum-type
washer and were followed by drying at 65°C with a tumble dryer. The mechanical properties of the cotton
knitted fabrics changed greatly during the first washing and then suffered no further change in their properties as
the number of washing cycle increased. However, the properties of the spandex/cotton knitted fabrics changed
continuously throughout all the washing cycles. The cotton/spandex knitted fabrics showed higher values in
tensile and bending properties than did the cotton knitted fabrics, though both kinds of fabrics showed less
difference in shearing, surface and compression properties. The spandex/cotton knitted fabrics which had proper
density had a higher THV for winter underwear after 30 repeated washings than did the cotton knitted fabrics,
and the THVs of both fabrics decreased with the increase in the number of washing cycles.
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3. 8} T} Choi and Ashidown(2000)S ¥ YHAE HE g Az e et vrEA g 3 33
o] 233 A g g8ty 95ty 545 B E A9l 71239 7}9} KES-FB systemE ©|&3lo] Z7t
i, T e 25Ut S E S8R, U E Hstel AgtA A WelE AR, A, 273
HEZ Ae HERD $3 dHgte] Ehon, v (20042 Y= HAAE-E WE7HFAME AI7HEALE A
e 8 Hko] Sof7F 2F o] AL o}2-9ofo] A e Zof gt EA gl Walg AFEiith A
vt stk AeA, 7\4511%(1994)94 Ate = 3202001y JEL ElMN2e HYES AEF 5 fd
2 Az} ALY AFE 23l 95 F9 ¢ A Ao FEg dylsle] HAE] oy 54 ¥
B2 HA T2 KES-FB systemol] 2Js) #4138k A3}, Ef o] HM3}E 73193, Hiroko and Masako(1988)=
Bre] Azt vdxe] HAPRA]l AptgA ol Rl 2d X Zejo2HE E8AES WEAE
Fom, AWFet AYE HAZAL A FHe 4+ 7 sEolZed S B 2vEvt E4F FEo
2le AR Age Aoz s, A4 YE E&HA o2 HE KT Numeri®h Fukuramigto] 2
o] % de AT IUEIFE A4 Vet A ge 295 RoFa gl
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W3}, SEME o83 4% ®de] W3E dretyot HshE v sl 24 AR 27t AReA
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A A EQ FEES Y3 FAFS I, Marmarali(2003) & HAAE AFE Ndrpe) Anpe] MEe) 71z 2}
€ A% 2ud o] 885 Yeld Wy 3 B& Agstaat stk

Aes A 5 72 o], A, 7A, T4, g71&,

Z3poldelE o YA o] wsls A3l II. &
S, wkEA e 2 1% B4 3 vig) Wil o

ATEE a2y FA AES ez 3
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Table 1. Characteristics of the knitted fabrics

Yarn type
, Fiber o Yarn count
C20 cotton 20Ne
C30 cotton 30Ne 104x71
C40 cotton 40Ne 119<87
C30+SP20 cotton/spandex 30Ne/20D 152%81
C40+SP20 cotton/spandex 40Ne/20D 121x77
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fo= Uehid A Fo
W o7 ¢lafe] AR Ao] Ei= 27 ¥
Apolo) 71olgk Ao WA 18] Mg Ao 7
S whel WA o] BA| F1go] A4 AW 2 o|F

TCl- X
AT

A= S/t E3HUY

0 1.08 0.90 0.57 1.32 1.24

T 1 1.30 112 1.16 1.54 1.29
(mm) 10 127 1.16 LU 1.55 124
30 L12 1.14 1.22 1.48 1.38

0 19.15 14.53 11.72 27.85 18.19

W 1 2197 16.60 12.39 34.77 20.48
(mg/em’) 10 275 16.93 1271 34.30 19.32
30 23.40 17.49 13.23 36.30 21.15
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2) oIE o3 Fugkel] w2 EMAS A EY, W HAAES 9Y
HHEA RS g E o] Q1 542 <Table 3>3 7 HT} T gkl Algo] AR Avdl s £8 WA
o, C303 C30+SP209] <17 Al HETAH L <Fig. g EolA C40+SP20-> A28} S Whake] xpojrt Al

1ol AAISA T EMS 500gfem] 52 7131

g Slpol) whet wiste] Ankalel ¢ glont C30+SP20
o} AAEE VR E Aot | WAL ~3d o F
u}

BA
Hrakel Aol Al Zith vHE AE 3l
1

£ &8 W e EMiks viwsd, | iy e 2 EM kel Wishe W A gl e FHeA 18]
O 2uE A 8 W HAES] EMFol Wlg- Hez Al 73 7ot C30+SP202 HHEAE A] EM
A2 P 7te v 2vele 24 W HAZe W @ ol A% 2stec. WiEAE A W AW Ee] EM
AERT A AFHALE e aea A e AY el M fAH oR s o, A
2 o] kA o) 2¥d vt £49 W HAES ulakol| A = A€ A3} u|wak 3081 AlE A2l EM%Lo]
A PSR Aol 714, 2 vt FrbE HY C20& =7 Zamstd o), €309 Zage Hwd §
dee o5S g % Adde 2o A% & Il C40L 03] Z7eiginh Add s 28 | A4
ol Zjd A A& & 5 vk HES A W =2 EMghe Aol ¥had moll C30+SP202 A<,

Table 3. Change in tensile properties of knitted fabrics with the number of washes

+C30 C40 C30+SP20
1 :W ) ¢ . w C w ¢ 8 i
. . 9.03 13.90 16.10 28.90 39.20 24.50 56.95 58.35
EM 1 5.27 9.47 7.27 13.70 12.95 31.05 40.70 21.60 55.85 53.05
(%) 10 5.61 10.03 7.62 14.15 13.40 31.35 30.40 16.75 52.00 58.60
30 5.37 8.45 7.10 12.55 13.95 35.35 28.95 14.90 58.60 52.65
0 0.80 0.75 0.79 0.83 0.68 0.77 1.01 1.06 0.82 0.95
LT 1 0.95 0.91 0.94 0.95 0.81 0.83 1.06 1.11 0.89 0.94
) 10 0.93 0.92 0.90 0.91 0.80 0.75 1.12 1.12 0.90 0.93
30 0.88 0.93 0.89 0.90 0.79 0.73 1.14 1.12 0.92 0.93
0 1.26 2.32 1.79 2.89 2.73 5.53 9.87 6.52 11.70 13.85
WT 1 1.24 2.15 1.70 3.24 2.61 6.39 10.75 5.47 12.45 12.50
(gf- cm/cmz) 10 1.31 2.26 1.72 3.21 2.66 5.88 8.49 4.69 11.70 13.55
30 1.18 1.96 1.58 2.83 2.76 6.48 8.26 4.18 13.45 12.20
0 31.04 47.41 44.71 53.01 30.73 37.58 63.87 40.97 49.72 41.52
RT 1 20.21 30.70 26.47 37.08 24.11 30.44 54.21 44.65 45.51 41.58
(%) 10 22.16 29.23 29.07 39.26 27.45 33.89 45.24 38.82 45.26 41.20
30 21.19 30.09 26.60 33.57 24.57 32.57 46.25 40.67 43.89 37.83
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Fig. 1. Stress-Strain curves (left curves in both graphs are wales, right curves are courses).
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& HMS ByATIUA BNS0] I E) [ 05X A Y E Hin 25
ST A AA ARG O C40+SP20S HEE I AE F A 2dd ©E AAEY Ae] Fol
Ag Foll = Hshgo] vl$- HYut, G Al Ao r wojdn, Agto] viEEW i
AF AI=ADE AFNIAE Qg HP T4 T WIHe] 43 } %S Jeided ol Al
A3 500gfeme] HE A A% sEHges i oz Aol Aasils] mEelth. 2y C40
oz, AAH Yat NgBo] FMo] BitaiE o zo} c40+sp204 A2 wrEAE A A
2 gkol 19l 7B At LTgkol 18 &L = o] Z27}5le] WTRHE Z7tatsch.
ARz WAg AHoM o] AT 7 Fofe ST 1A A o} 3| Eo A4 Bl 5] &
FE53] AFE] oA & ZloH, tRhE-o Afrt % RT#ko] =9 3{5A0] 7|4 X4qg Aol ot
o719 FE Y C30+SP203}k 7o) A 2o v| HAHoR W AYEErhs ~9ds £8 W Ay
AIEE A ] AAERTE 2L o] F Al ef 4l =0] RTHol 7M 3lBAdol FouR el Mol
g0l ¥ A¥ LIk 1%tk Azlck(Fig. 1). 234 g Aew 24T ¢ 3tk ¥ HAEL Jdun
274 38 €30 +SP20, C40+SP20S W JW%ED} 2 ] RTgke] A, 2dd s 8 W A4
LT#xo] ¥0} 500gfiem 315-0] 7Fai 2 Wj7iA] Al < A WS RTRLO] Atk AE A BE HAES
e ¢ T W HAEEY LTk 0.68~0.83§ 2 RTZO] ZAas =), 53] 13 Al Ao 24 7443}
oF A Wl w2 Apo|7} vl A At} C30+Sp202 Aok 2H 22 AE-E wHEEH 1 3EAd o] A5t
LTS 29k A BF 1 ooz 7] o] Fef 3 ol A3
oM Aol wi g 5 o 4 %lE} BE HAEo] Al
2e ahd LIkl S7kehe 43S Hod 93 52 3) =8 &2
Me g 2HAshe A e %PT et el 8 Ad2 A& JuobgA, =gl
w9l WAG Qg IRA WTghe AHE ) A = A 53 FAEEH, <Table 4> 2+ AAAE9] whE
B2 EMEF 2 AT Yepig, et & Mg & 9l delg 33 2B FF o1y
|5 C30+SP203} C40+SP20L W AAERTH 2% E(2HB)®] H3}E vER AT
F0l AM WTRol vl ZA Yepgtth ¥ HA B Bgtol o™ AHEo] & FRYAL fAsH =
Ao] WIS o] 7hex U5rt £ c400] 718 7 glo| o] E}. BEhE UAE] T, TA Y A
oh 23 i dA RS AY B T2 whgkel A 7F QoM FAE 7P FEA FAR P AL
U 2 Por olg JHES dd W By 349 C30+SP20°] 7HF & w2 7Hiich ¥ BAEEL dd

oA 8] ARGl § =) s EolthAAE, 2000).
2yd 2 T ™ HAEQ C30+SP209) WTEHS 9
ek o A

wigel Bykel 2
4 9 B4

gk ne oL spe
#e 20 9 Wl Aol7t W A

o Wako] A , C40+SP20-S 4 AEWE A4 Fourh. 135] e Al AP ES] FA 9
o WRuT 52 eko] o & ¢S e o] FAZ E712 Bitel t1F-2 A Fristded, o
= 2L w719 2nd2aE S dgs B3s) ol %9 Mgg2 4L Holr},
Table 4. Change in bending properties of knitted fabrics with the number of washes
Properties | Number of €20 €30 €40 ¢ c30+spzo - C40+SP20.
(unit) washes W C W C W C W oW
0 0.048 | 0.027 | 0.025 | 0.013 | 0018 | 0.006 | 0.082 | 0.196 | 0.030 | 0.026
B 1 0.105 | 0.049 | 0049 | 0025 | 0027 | 0010 | 0103 | 0.127 | 0.036 | 0.030
(gf- cm/em’) 10 0.084 | 0.048 | 0.050 | 0.024 | 0024 | 0.005 | 0.136 | 0.144 | 0.023 | 0.026
30 0.080 | 0039 | 0048 | 0028 | 0022 | 0008 | 0.142 | 0.160 | 0.034 | 0026
0 0.046 | 0.030 | 0.018 | 0.014 | 0018 | 0.018 | 0.152 | 0.151 | 0.053 | 0.041
SHB | 0.143 | 0076 | 0.078 | 0.046 | 0.041 | 0013 | 0192 | 0207 { 0.070 | 0.048
(gf-cm/cm) 10 0.119 | 0.067 | 0.079 | 0.040 | 0.031 | 0.014 | 0253 | 0234 | 0.050 | 0.039
30 0.118 | 0074 | 0072 | 0042 | 0032 | 0013 | 0241 | 0254 | 0057 | 0.039
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9 C|HEHMEQHB)E AFo] Hedd A%, A S Aot WA e TRl 1 G 2HGE YR
e A, e A A bl wet vehhs & Bl
oz 2HB%M AW 74 354 ] dojxtt. 2HB g Ad FE T} FATE 2 Aol &
e FASL FAV 2 20U 8 W WA Bl & UERASlOt 2dE 2 T8 C40+8P209] Fto] W]
WAEE FRT ZEd, o|2RE v 54 1 9 WA HUTh o]E C40+SP209] 410l AnE A
e BYEEY 788 oA Ao dgo) AL Zlog ARdn. g AE e 9o =
Hebgedl, ole 2aYs £ AFdEg A8 SRkl W Zpol7} EEubA] gkt WHEAIE A
W el AV AL E8] =e A4 4R G} 2HG# & U ENAM Frteisler] 53] 1

= Aot AAENM L A9 FAVE 2 C200] 7} 3] Aler Al ZA 718k ole A AEg A4
& & }E Bk E9 BE ) VA 2 2HBRE = 7o A4 F HEE T vk —“J’P =8
A HAEAN N Z& WgE 9 2k ghol o FAeE AEE 5 e, A Al olg g5Fo]
=, e Tolle 2 A7t o FR53 s A Fx7kol HEHA | Frlelal 43 7 é<Tab1e 4>2]
d2 8 W BAENA C30+SP20L Yy T F7F7F o] welth
WHEFo] xjo| 7k gl o} C40+SP20e Y e ghol
F7F E A3 Vel At 2HBES BHE A Ao 5 2 o4&
B 242 A kg Vel Z7ken <Table 6> 7} WA EL] whEAg 29 3He| uf
Zt AR E el H rRERAISMIU)S B9
4) HehgE AZ 719 BFHAHSMD)L] A o]t}
7} WA EC] HHEA o HJr—E— A AF G A MIUZHE A BAEN XM= C30<C20<C409] &
Z+ 0.5%0~ 9] °]HQHGYE 243 A <Table 5> 2 AR} F7RetE o, 29ds B8 AlE C40
085 | 084 | 062 | 066 | 047 | 044 | 117 | 1.09
G 1 130 | 142 | 099 | 1.02 | 060 | 054 | 127 | 125 | 064 | 058
(gffem - degree) 10 128 | 140 | 096 | 1.01 0.60 | 0.58 1.24 138 | 059 | 054
30 137 | 142 | 104 | 1.08 | 057 | 055 134 | 133 | 061 | 0.6
0 176 | 177 | 116 | 132 | 131 120 | 458 | 502 | 099 | 1.16
2HG 1 499 | 495 | 323 | 306 | 178 | 166 | 602 | 574 | 154 | 1.50
(gffcm) 10 477 | 4.56 2.91 2.99 1.64 1.56 7.19 6.74 1.40 1.29
30 501 | 409 | 275 | 285 158 | 158 | 732 | 734 | 149 | 138

Table 6. Change in surface properties of knitted fabrics with the number of washes

o C40 | C30+SP200 |
(wvleclwlclwlec w

0 0.165 | 0.178 | 0.158 | 0.171 | 0.189 | 0220 | 0.195 | 0203 | 0209 | 0231

MIU 1 0.190 | 0270 | 0.191 | 0.110 | 0242 | 0.141 | 0206 | 0207 | 0244 | 0270
- 10 0.234 | 0244 | 0198 | 0.198 | 0264 | 0312 | 0210 | 0.196 | 0260 | 0274
30 0.237 | 0259 | 0.190 | 0213 | 0342 | 0315 | 0215 | 0221 | 0232 | 0304

0 2.750 | 2970 | 3.015 | 5.060 | 3.175 | 2495 | 2835 | 8905 | 2450 | 8.810

SMD 1 3.240 | 4.690 | 2.390 | 4335 | 2080 | 3.815 | 2750 | 5320 | 2.490 | 5.840
{micron) 10 3.065 | 4.535 | 2.900 | 7.060 | 2015 | 5535 | 2.810 | 6995 | 3.075 | 7.190
30 3720 | 7.985 | 2480 | 6.830 | 2.695 | 6290 | 3.015 | 3.935 | 3.050 | 8.200
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Table 7. Change in compress properties of knitted fabrics with the number of washes

0 0.659 0.621 0.663 0.675 0.672

LC 1 0.633 0.697 0.654 0.722 0.715
) 10 0.675 0.698 0.655 0.727 0.680
30 0.664 0.704 0.699 0.676 0.669

0 0.129 0.104 0.136 0.103 0.129

wC 1 0.123 0.121 0.127 0.116 0.117
(gf- cm/cm’) 10 0.119 0.121 0.119 0.126 0.117
30 0.125 0.113 0.126 0.096 0.125

0 47.390 40.170 44.115 46.190 43.420

RC 1 46.620 40.190 46.240 36.090 44.905
(%) 10 46.420 43.115 43,700 35.570 47.850
30 40.165 41.360 39.095 34.305 41.590
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Table 8. Change in hand values and total hand values of knitted fabrics with the number of washes
Properties « c40 C30+5P20 C40+SP20
0 7.67 5.78 3.70 9.01 4.96
Koshi 1 9.60 7.42 527 9.75 5.59
(stiffness) 10 9.33 7.57 480 9.94 5.06
30 9.73 7.94 4.59 10.16 5.31
0 5.89 3.99 6.77 3.68 7.12
Fukurami 1 3.67 2.83 6.17 271 6.00
(fullness
& sofiness) 10 3.58 3.90 522 2.79 6.64
30 3.00 3.41 4.71 1.12 6.31
0 5.02 441 7.19 -0.17 5.01
Numeri 1 0.72 1.81 727 -1.23 441
(smoothness) 10 1.06 1.79 5.70 2.28 4.52
30 0.28 2.11 522 -2.04 4.12
0 3.44 3.06 3.48 2.64 3.32
THV. 1 2.80 2.76 3.56 2.40 3.24
(winter) 10 2.81 2.85 3.29 228 3.25
30 2.64 2.84 3.17 1.99 3.21
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